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In general, some aspects of the subject matter described in this specification can be

15 embodied in methods that involve a sensor. Other embodiments of this aspect include
corresponding systems, apparatus, and computer programs, configured to perform the actions
of the methods, encoded on computer storage devices.

In general, another aspect of the subject matter described in this specification can be
embodied in methods that include the actions related to a data processing apparatus

20 associated with a sensor having a front end interface, at least one trace line, at least one
transmitter coupled with both the front end interface and a first location on at least one of the
trace lines, and a receiver coupled with a second location on at least the one trace line. The
method involves accessing a signal at the front end interface of the sensor, transmitting the
accessed signal from the transmitter to the first location on at least one of the trace lines of

25 the sensor to promote transmission of the accessed signal along the trace line corresponding
to the first location to which the accessed signal is transmitted, and receiving,, at the receiver
of the sensor and from the trace line through the receiver coupled with the second location of

the trace line of the sensor, the accessed and transmitted signal. The method involves
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2012/ 009484RUT4tl082 Tht/metBOB&n include modeling the transformation of the received

transmitted signal as a function of the distance between the transmitter and the receiver in the

matrix configuration. The method can involve modeling the transformation by modeling at
25 least the one trace line as having a distributed resistance and capacitance along the distance
between the first and second locations. For determining the transformation that the
transmitted signal is expected to experience, the method can involve measuring a set of
transformations along the distance between the first and second locations, and selecting\one
of the transformations in the set of transformations that approximates the transformation that
30 the transmitted signal is expected to experience, for which the transformation can include a

phase shift, and the set of transformations comprises a set of phase shifts. The
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2012/ 009494RGTVik/SRR kdhd4 38BBhe transmitted signal at one edge. A number of multiple edges
can be four, for which the resistance-capacitance time constant can be reduced by four when
compared to the time constant derived from driving the sensor with the transmitted waveform

25 at one edge. The sensor can have trace lines formed in a matrix configuration with rows and

columns, for which at least one trace line in at least one of the rows or at least one of the
columns is split to form two trace lines that are about half a length of the one trace line, and
the split trace line forms a first section of the trace line corresponding to a first part of the

split trace line and a second section of the trace line corresponding to the second part of the

30 split trace line. A resistance-capacitance time constant for either the first or second split trace



lines can be a function of a length of the first or second trace lines. The
sensor can be a capacitive touch sensor. I n general, another aspect of
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mul ti pl exyiRfyindh&hies. Wheddi<h CAPARMICT WRadhd 1883R6sor. The orthogonal
excitation waveforms are orthogonal to noise in the sensor. The matrix configuration can
include n columns of trace lines, and each simultaneous transmission of the transmitters can
occur in an integration time. The method can involve determining a number of integration
25 times as a function of a number of simultaneous transmissions from at least two of the
transmitters. The method can involve identifying a frequency associated with noise in the
sensor, and selecting at least one of the orthogonal excitation waveforms to be orthogonal to
the frequency associated with the noise. The sensor can be configured to be located within a
physical proximity to a liquid crystal display to at least have an ability to interact with the
30 liquid crystal display. The liquid crystal display can have a scan line frequency that is about

30 kHz to 135 kHz. The method can involve performing code division multiplexing, where
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each trace line in a group of four trace lines conprises a distinct code
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2012/ 00961%6&%];/&%%961%@cﬁ%ﬁ%ﬁamﬁaﬁon waveforms by identifying the noise from the highest

noise source in the noise spectrum over a time frame, and adaptively determining the
drthogonal excitation waveforms by using the noise associated with the highest noise source
that is continuously identified in the noise spectrum. The method can involve periodically

25 taking the measurement to identify the noise that is orthogonal to the orthogonal excitation
waveforms by identifying the noise from the highest noise source in the noise spectrum, and
adaptively determining the orthogonal excitation waveforms by using the noise associated
with the highest noise source that is periodically identified in the noise spectrum. The
identified noise can be associated with a frequency of operation of a cold-cathode fluorescent

30 backlight or a frequency associated with a liquid crystal display.



The sensor can be a capacitive touch sensor. The capacitive touch sensor
can have a front-end circuit. The nethod can include preparing an input
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cathode fluorescent backlight. A closed-loop transfer function of the front-end circuit can be
stable.

In general, another aspect of the subject matter described in this specification can be
25 embodied in methods that include the actions related to a data processing apparatus
associated with a capacitive touch sensor, where the sensor includes trace lines arranged in
rows and columns with a matrix configuration. The method includes conducting a first scan
including scanning the columns of the capacitive toucﬁ sensor in an interlace pattern, where
the interlace pattern includes a frame, and where the frame comprises n number of

30 subframes, for which n is an integer. The method includes using information generated as a

consequence of the first scan to identify areas of the sensor that experienced a change in a
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and columns with a matrix configuration. The method involves conducting a first scan

including scanning the columns of the capacitive touch sensor in an interlace pattern, where
the interlace pattern includes a frame, wherein the frame comprises n number of subframes,

25 where n is an integer, and using information generated as a consequence of the first scan to
identify areas of the sensor that experienced a change in a capacitance from a row to a
column. The method includes using the detection of the areas of the sensor that experienced
the change in the capacitance to inform selection of a subset of columns upon which to focus
a second and subsequent scan, and scanning the subset of columns selected for the second

30 and subsequent scan, wherein the first scan is associated with a first measurement, where the

second scan is associated with a second measurement. The scanning of the subset of
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each of the n sets of columns of the capacitive touch sensor in an interlace pattern, using

information generated as a consequence of the first scan to identify areas of the sensor that
experienced a change in a fringing capacitance, the fringing capacitance comprising a
capacitance from a row to a column, and using the detection of the areas of the sensor that

25 experienced the change in the capacitance to inform selection of a subset of each of the n sets
of columns upon which to focus a second and subsequent scan according. The method
involves scanning the subset of each of the n sets of columns selected for the second and
subsequent scan, where the first scan is associated with a first measurement, and the second
scan is associated with a second measurement. The scanning of the each subset of the n sets

30 of columns involves determining a signal level and a noise level for the second scan,

determining a target signal to noise ratio, and determining an integration period to achieve
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of In general, another aspect of the subject matter described in this specification can be

embodied in methods that include the actions related to a data processing apparatus
associated with a capacitive touch sensor, where the sensor includes trace lines arranged in
rows and columns with a matrix configuration, and the columns are arranged as n sets of

25 columns, for where n is an integer. The method involves sequentially conducting a first scan
of each of the n sets of columns of the capacitive touch sensor in an interlace pattern, and
using information generated as a consequence of the first scan to identify areas of the sensor
that experienced a change in a fringing capacitance, for which the fringing capacitance
includes a capacitance from a row to a column. The method involves using the detection of

30 the areas of the sensor that experienced the change in the capacitance to inform selection of a

subset of each of the n sets of columns upon which to focus a second and subsequent scan
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the subset of columns, performing another scan of the subset of columns, obtaining another

20 measurement of the signal-to-noise ratio related to the other scan of the subset of columns,
and averaging the measurement and the other measurement of the subset of columns to
produce a combined measurement that has a property where a signal-to-noise ratio related to
the combined measurement is higher than the signal-to-noise ratio related to either of the
measurements of the subset of columns.

25 ' In general, another aspect of the subject matter described in this specification can be
embodied in methods that include the actions related to a data processing apparatus
associated with a capacitive touch sensor, the sensor being located in a system comprising a
liquid crystal display. The method includes determining a noise frequency in the capacitive
touch sensor, identifying that the noise frequency is a function of a frequency of the liquid

30 crystal display, and determining an excitation frequency for the sensor as a function of the

determined noise frequency. The method of determining the excitation frequency includes
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includes the selected excitation frequency. The sensor can be configured for simultaneous
transmission of the plurality of orthogonal excitation waveforms. The orthogonal excitation
waveforms can be all orthogonal to the determined noise frequency.

In general, another aspect of the subject matter described in this specification can be

25 embodied in methods that include the actions related to a data processing apparatus

associated with a capacitive touch sensor comprising rows and columns of trace lines
arranged in a matrix configuration, the sensor being located in a system comprising a liquid
crystal display. The method includes identifying a noise frequency, generating an excitation
waveform to transmit across at least one of the trace lines in the sensor, where the excitation

30 waveform is generated such that the excitation waveform is orthogonal to the identified noise

frequency, and where the excitation waveform is generated such that noise at the identified
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The met hod includes identifying a noise fregquenc and generatin n.
exci L at | DIV GRVBFORTETOS U freger G hap e BEns binSgmaias Pt Hhis | ,
the sens@rquils! &dtiRréNeickatdtRn WRYRLAN M érA8N&IA A n5146 Bt thB&entined
excitation waveformis orthogonal to the rdentified noise frequency, and

wher e t heolex tietanicp s 1apoetefion thei excigativarveavetbraw clhetdentratiei elethaexditation

identified %gise freguegc is.r&%gctqq.in th exciltattior}1 %9£8{n1 The
gentr at | SRVHIPIP HBY ol SEISET M AN B BT PR WOETIORY: SSF g PHEE i ¢ al
excitati @@rra@mdiﬁ% 0 a SRIERUI rB¢poabdflidrt SN GAEMERP HRMxB@atiod wavelotint g/

i mpul se response filter, and generating the excitation waveform by applying
t he al gorpplkimedhs alé@rp@ﬁmm@swdmetoﬂhﬁ?w imaifesespeBiefdins éo thejipigial t o t he
initial it.afki e T I ; 1.t t

exci t at | SR PATSRET 186 Moty TR AL R, SRR el o, o
can be t adgstomefofahd eneilines Aingnalresibntangbb takes o2 @caveivel aigadl aigaptihsss an

ex pzeoct ed cggc\:/lgtfeg ragting'ﬂln%gpecc?e% vl?/aeve%r(r)xg %hticlzhocg?llbetp?ogogt?or?a?Poat%L E:gpna%garllcg irtl ‘9166
matrix. The signal-to-noise ratio of that measurement can be a function of the integration
time, where the longer integration times can be used to achieve higher signal-to-noise ratios.
The excitation waveforms can be orthogonal to each other and transmitted simultaneously,
and in other implementations, the excitation waveforms can be orthogonal to each other, as

25 well as to noise, and transmitted simultaneously.
The details of one or more embodiments of the subject matter described in this
specification are set forth in the accompanying drawings and the description below. Other

features and aspects of the subject matter will become apparent from the description, the

drawings, and the claims.
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matri x. The signal-to-noise ratio of that neasurenent can be a function of
the integration tinme, where the |onger integration tines can be used to
achi eve hwgherz/mpgnal -t o- noi se rati os. The excitati on waeefuseems/oe®a6 be
orthogonal to each other and transmtted sinultaneously, and in other

i npl ement ati ons, the excitatl I nal to each ot her,
as 25wel | as to noise, ﬁbﬁ%ﬁy@ﬁf&ﬁg&*wgg The details of
one or nore epROdi 88HMLS a Afagtdd® oBaDE@EDINB dnle#h®86 bathefl id DrlattixSfor a touch
specification are set forth in the acconpanying draw ngs and the

descri pt B&obel ow. O her features and aspects of the subject matter wl|
becone appare fyom.t.he I pti r aw J WO
2012/ 009494 Pﬁﬁ%&@?i?tﬁﬂggg%%&fﬁf%@%%% %??%Wﬁ&ﬁ%@nd 1
depisct s @hskcapitefdairedfiocxpagite (RC) dhe flte@tdy iadee path sgnbingRysdemmt ri x for a
touch sensor. FIG 2 depicts a diagramof an example relating to sone

effects of at FEAuhEsRiFs adiresmakay SRmple ohamqugdndidng Eapupitieishaying) | ine

filtering.i | Ng.: : i di agram of an

exanpl e g?ﬂr%p é?‘?ré%??*ﬁfb%zﬁﬁjf"%wt%@ﬁgﬁsta{é lg)%shﬁ?\c}? ﬁ%ecrté%trr i?('es pondi ng control

| ogi ¢ to drivelwol dades adapess of ameanple ¢freecimaitrinouding trandhiGers4ndepi ct s a

di agram of an nple of a cjrcuit includin 'ésr%ntﬁn’i tters and receivers to
f

ex
drive vol¥Cayss taqHVe ¥pliages ghq 3PS CHEERASSS ¢MaRatrix. 10FIG 5

depjcts a di agi@m @éepi%ya%ia%m 6t &f cx@nipd 66 B dBNFIeRNAl %%HPR)& 8f m@fisured

measur ed capacitanc th respect to l'ocation across the matri Xx. FI

6A and 6Bameparce vditagsmettodbcativaaplossthofmatx.ef ornms for transmitters, when

exciting the i X, W v.0] t. that | ise-1ik t.
S musor dal |t oot G BeB A nh PPN a s G b B R Wi
exanpl es cQfitihd teatk KA1 fE that BHBEeAIXE a8dRbY APES sinusoidal tone or a close

approximation thereto.
15 FIGS. 7A and 7B depict examples of timing diagrams for frames and subframes.
FIG. 8A depicts a flow diagram of an example of a method to scan a full frame of the
Sensor.
FIG. 8B depicts a flow diagram of an example of a method to scan a single column of
the sensor.
20 FIG. 9 depicts a diagram of an example of noise at an output of an analog front end of
the system before demodulation is performed. |
FIG. 10 depicts a diagram of an example of noise at the output of the analog front end
after demodulation is performed with a good selection of an excitation waveform.
FIG. 11 depicts a diagram of an example of noise at the output of the analog front end
25 after demodulation is performed with a bad selection of the excitation waveform.
FIG. 12 depicts a diagram of an example of a correlation of noise frequency against
excitation frequency over an integration period.
FIG. 13 depicts a diagram of an example of output responses from a one-stage front-
end amplifier and a two-stage front-end amplifier.

30 FIG. 14A depicts a diagram of an example of a two-stage front-end amplifier circuit.

13



FIG 8A depicts a flow diagram of an exanple of a nethod to scan a full
frame of the sensor. FIG 8B depicts a flow di agram of an exanple of a
met hod t ovecar/@mpisngl e col um of the sensor. 20FI G 9 @epiustel1a4¥B3agr am of
an exanpl e of noise at an out put of an anal og front end of the system

bef ore denodu [ i S. 1 I cts

exanpl e of nokgcté 1%?3 ‘?"%& %IB‘(Y e}%rar{lﬁga%%a}napd ?(Fr dr%?‘g%‘ﬁ‘é %Q[né % Pﬁ at I on
i s perf opiBApPicpia@ vgﬁfé@loﬁedpa@itdn@@am rediltaB¥chok afabidify, wavef or m FI G 11
depicts a di agr am of an exanpl e of noise at the output of the anal og front

end 25after dbisdefesancenumberpend designations in the writpus drandpgondigatedfe

excitati oW ef orm FIG 12 depicts a diagramof an exanple of a
correl at Fon Of noi se frequency agai nst excitation frequency over an
i ntegration period. FIG 13 depicts a diagram of an exanple of output

responses from a one-stage frDETAHLEDRDBSARIPTION a two-stage front-end
anplifier. 30FI G _14A depi ¢t di agram of an exa e of a two-stage
front-end anpf Pt searitaan a5 PO HOORRER CORBISRYS BASSE MR ¢ 148
depi cts Ogak%cg 'n?&&ﬁ@ﬁqeﬁt @R bE KRB bEtweBh e8RS ERiMthe@oddhQBhsBNdh&RP! i f i er

wi th appropriate values of capacitance and resistance for stability.

Li ke ref eleenades maylhermsadzrfcbrd ésiigm dinioxivs ((HO), ot etheri roatsrids awyntpe bendédat e

e o e ST TP DS Pl

10 small enough to be relatively inconspicuous. The electrodes may be arranged in a two-
dimensional orthogonal grid, for example, with rows parallel to an x-axis, and columns
parallel to a y-axis. The total capacitance resulting from this structure, as measured from a
row to a column, can include at least a parallel plate capacitance, for where a row may cross
over a column, aﬁd a fringing capacitance, for which a fringing field can go outward from the

15 sensor and interact with a user’s touch, for example. The primary capacitance that can be
measured for sensing can include a fringing field at least between the row and the column.
For instance, in a system with m rows and n columns, there can be m*n possible
measurements, with one measurement at each intersection in the matrix. This type of
measurement may be sometimes referred to as “mutual capacitance,” or “differential

20 capacitance.”

The electrodes in the sensor may be designed in a pattern that seeks to maximize the
fringing capacitance, which can be interrupted by the user’s finger to provide the desired or
target signal, and to minimize any additional capacitance between the row and column (e.g.,
parallel plate capacitance), which may provide a constant offset. The parallel plate

25 capacitance may be considered, for example, as an offset value in the total capacitance. The
rows and columns in the matrix can be nearly coplanar, so that while an area of a respective
parallel plate capacitor is small, the separation distance is also small, and its capacitance
value may be significant. The pattern of electrodes may also be designed in a manner to
make the line width as great as possible, for a given pitch, in order to minimize the resistance

30 of the traces, which may be otherwise significant if large-area sensors are employed. The
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capaci tance neasurenent can be made between el ectrodes in the touch sensor.
These el ectrodes nay be made fromindiumtin oxide (1 TO, but other

mat er i al swoay124l03494be used, such as silver nano-w res, @CTIEBegan4®dsal e
netal wires that are slightly or |argely opaque but 10snmall enough to be

relativel.y i.nconspi cuous., The .el.ectrodes nmay be arranged in a -

G mensi oY CHOGGRAR Cgt Permer oy sy phos i ey &1 % DoBibes . i s,
and col upnsitR@ahsial chicRantedih Be mhi€ad Rigd asgapaslet ance resulting fromthis
structure, as neasured froma rowto a columm, can include at |east a

paral | el pl at EIGQabderi¢tandimgradny pf stheample olow alegirode patterp 80 inga welrixner aand a
fringing, capacita . fo i a_fringi i . m t he
15sensor SRR e B apisyRl ofof ver iRt | SR A% QbEaLE

capaci t agemté habndiatorba oie &sur, add flerhosienshngacea 20 nal dsslecided conngéteg fiel d
at | east between the row and the column. For instance, in a systemwth m
rows andarsagaenatha condyeios op apother layes. B kayersd 1Heked are sensrale frginygach aler.
nmeasur e . it e i i i i Y, r nt
may be- ounty TRl RALETId, Pob Boedd hon ARG bR bolfEREN cA1
20capaci béreeTHhe structurd hesubjeectb rpachdis]-platet dapaditans) whesythdendtesed)padliln a

pattern that seeks to maxi m ze e fringing capacitance, which can be
interr uijE&’ Wa%lF?éw%@éwes@me&@{i %ﬁ’ @%‘Eﬁ\#‘ﬁgleﬂ’i CHEASPS RAITBY W#‘S‘iedgffy gPHhal ,
and;qt 0 MyDiEaZe @By 1ALk A0 an FRRERICE R RELmREENRE My ki f OWe NLtEH 48RS
(e.qg., parallel plate capacitance), which nmay provide a constant offset.

The par akdlativept wide i@dUmpachs.ance nmay be consi dered, for exanple, as an
of fset value ipn the total .capacitanc The rgws .and colums ,n th frix
can be near| ycgl?ﬁfl”ém P}engago?ﬁﬁlﬁy }R/ﬁ‘fel cgh%{r?lfeeﬁr(gge B?t%én%' ggﬁ&%f@ﬁ@%ﬁ?ﬁ?ﬁ?r
pl ate capR&hplefodeHaftbl hay nk6lve BRARALTy-GhRtaRESgtIindé 51Che Bathd pitchngl thed S

capaci tance val ue may be 'significant. The ﬁeatter‘n of electrodes may al so be
desi gned elentrigahmptiiay stradghidies atladingenpiteli igtthe electyead apats widsadisdeat ligesr a
given pitch, jn.order.to mnimz [ e t he. ich may
e B ner ipQiecle (R PRE i BreO el e Bl B abAL R A o Al AR R d

2012/ 0094984Rcdw dnd 0dihh x4 8k i inoghsghe &padnd flelde can be maxim zed, for
exanpl e, by designing the pattern so that the resulting fringing
capaci t ance cdhelendplicothe measgremsaispseiermedon the electrpds paftegnsnitef exampl-agr am

of an exi‘g%)alcﬁa&fe fg@bgitnﬁgédré’&’ﬁoﬁae%&‘?fd% Q‘tgpcdi\gngﬁ%ﬁhdﬂ 15 QEadb RIS BacREHROT -

In this pattern vertical traces 1 d”assocl ated connected areas
5denot e #@ ewhduhingt, tlos mdakénd @y-e measurdmeite insteat o6 nt*alme¢asaeesents20 and
associ at ed connected areas geno, e ot her I?%:e{éﬁ The | ayers

a conductor on a
11020 120 are SWplemeptatippe d5ihibed Hicthis quT?SHFeSWF%F FREHEPGH ©% he | ayers
110, 120 r R8s RYSofAGEh AR cack YbluR, NerLARNBEL cfréhi?&e%rgnﬁ& Reperfole

structure 1s subject to parallel-plate capacitiance, where the undesired
par al | el gk ftpe of apasirtaagethe aircweharing wansettdyy andicceigetslva redpectivesolinisaces
narrow V\Aggcli reovEISh ™ a%rit?lls)Fémentation of this circuit, the columns can be excited with a transmit
voltage so that energy flows from the transmitter into the columns, and a receiver can
25 measure the current on the rows so that the energy flows out of the rows and into the
receiver. While the designation of one axis as the rows and another as the columns is
generally arbitrary, in this implementation the rows generally may be attached to receivers
and the columns generally may be attached to the transmitters. |
When the user touches the capacitive touch sensor, at least two different effects are
30 observed. First, some of the energy flowing out of the transmitter can flow into the user and

return to ground through the user’s stray capacitance to that node. This stray capacitance
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10over each other, the resistance can be reduced and m nim zed by making
the electrode traces relatively wide in other areas. O her

i npl enentwDi2oreopEy have ot her el ectrode patterns. | n oRETiuspdiane3ys@t i on,
for exanple, one pattern may involve having evenly-spaced straight |ines at

th itch the el ectrical. g tr.ai,ght i t.a fi itch
i the oPBMEFTEAr FRERP, i osaleung me Duce Yaestt ro st Bigsendrorh
groups, asliueiveEshtia) {3t RdiMahitehiughAhd Mer e FinBerd bRANSME @énsb%m&lan ®egi ven

row and colum in order to increase the fringing field. _There may be
ot her ne&seeeorehtss thys ey fimgsr oan alprebetlose towdieer glemeatsris thempatrizy Ebéch
capaci tance_ can b sur.ed . rom. i d of
from eac FlorP%\(?v%fngngs%qﬁ%g & ?Juqn%%i?&'t %lg%?n%f:ﬁ%g %ﬂde%géggéﬁgt%@%%n%@g% %ﬂa Of 8m* n
measgur emeirsceivd) Sptadesingd 6fahs eddrgy fewiig duedf ihe titahémitdi sal @apledntohies e t he

nmeasurenent of capacitance is fromeach row to eagh colum. There may be a
circuit sesisginear tiyopgh thesett hileshs ansldhest owod therwsspniinggrie thei reeqiyY: havi ng

transni tpggaﬁlsén% Ji@g&hé!%%ta%@ omg@@&tc{)qf &%ﬁimggpﬂ)xnﬁa@g thes Bk as salt

i mpl enen I on of I's crrcult, e s can excite a transmt
vol t age satdrhalargerehgythid cfiase, fhioecantiheedseansonuptiag effedt cantdhacremedlnns, and a
recei ver can 25neasure the current on the rows so that the energy flows out
of the r&MVEREYBY0 t he receiver. Wile the designation of one axis as the

rowg and anot BeL +as effl8s G HOMR e dBFAENGEPohYesFEDME bRy oW, tHak Sxample,
i npl enentation the rows generally may be attached to receivers and the

col ums degvadaiglon wisiyh bifecidbmaingas, theretrthay be aneminonetogic relationship bafyyeen t he
user touches the .ca itive touch.sensor, at.|least, two different,.effects
e 300b0E DI SR e e SRS b P iishFry baett SR ER NS er
can fl owph Qh@estiisle WSSnARthldRiiMtdN QardbORhnkd E@%té eeitieeh sgiclyr ay
capacitance to that node. This stray capacitance

2012/ 009 44RSTELUSAB L Itlg4B9BEsingPOode bukavefagrontemp Fedatignphiph dhe s@ictlys  hol di ng
t he, devige's metal .case, ey he o [ ' n:Balling
thats t nSUGHEHCHSRR be RGN PSR R oRERIE b A Mgl Bl
enough  s@elilicics hwhich tangiyw are @tat ohdrge chodardddn atdinam iglegraeion period fohe
matrix, for which sone elenments will be grounded. This first effect may
decr ease higher SR apndthe sigiptly gereasingugodemay ﬁé"vﬂ‘g‘c@g\%ﬁqpa@é‘@%@twg €of "t he

L L ACa L aad

r ecei ver theBeasus Soimbetldir @hpletmentaticonbowener,ahay e thsgricty-fricngsing mdviech i s

apperOXi mat el y IIE QoemeS gnp er%gntestt%r;[s, the transmit waveform can have a frequency of around 100
kHz, for example. If the energy of the transmit waveform is concentrated mostly at lower
frequencies, then the energy may not couple effectively to thé user because the coupling is
capacitive, such that current, for a given excitation voltage, can increase with the frequency.
If the energy is concentrated mostly at higher frequencies, then the propagation

25 characteristics of the row or column within the sensor can attenuate the energy. In some

implementations, the propagation characteristics may be modeled as a uniform RC line, or a
low pass filter. The transmit waveform may include, for example, a small number of cycles
of an unmodulated carrier. Because this waveform can be narrow band, it can be useful to

increase the bandwidth of the signal slightly, for example, by modulating the carrier with a

30 noise-like waveform. This technique may have the effect of increasing the system’s
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water, is larger than that of air, this can increase the coupling effect,
and increase the received energy. 10The two effects can produce different
responseswoanizdossogner gy fl ow. For exanpl e, dependi ng omCEtSeH10iI98€t

dom nates, there may be a non-nonotonic relationship between the neasured

signal and th istance fromthe user'.s finger tothe nsor. .Because this
may be u%@?&%gq ’éa,rmg@)g{“iﬂ?liswg r%‘f{? %ﬂl}gotﬁ% te%gﬁncﬁle()f eesslyé{r%{andt%t%n lj[(-?per ate in
ei t her anghéwkdodimisacr easi ng or a strictly-decreasing node to have a

monot oni ¢ rel ationship. The strictly- 15decreasi ng node may be preferable
in some inpl edBareeivehentiscauieuied tyapasyEcyr ABeUI PG RRIEY FEgehewEg a whi ch
can all ou JRYifcitteAlal CORE ARpLLAAGHGE FF ik Roclin@t SO EOLEARALLAN.RET Q0 Tor a
hi gher SRR, angd the Strie 9 ecreasi ng node nay provide Targer separations
bet ween tpaksersor,”artdc fReersifed bipadband esceivshticduicthat @h hosasare hangdénum

t hi ckness for the glass for the caover of the sensqr. Sone ot her

i npl emenfREeR ﬁ%ﬁewg\%m givemperipdeotitipe. Jlf Ff}e&mbwgﬁ@g PEesentdy thesimal Bemihe one

i mpl emen | FRRSHL RN B the SRAPRRAY oPihedlund 100
kHz, forh‘g{lggﬁgﬁré?ﬁepﬁh%the enelﬁlgcy\gﬁgg%ﬁghfp?ﬂ)nSMt t\%‘)/avef o?m I socofclceg(r%ltrat ed
nmost | y ateckvaéfrohr thqtienshigtsr. Otheninijlementatiqpg ofithe mcdtiver ougyl te whfigekeilvel y to

t he user because the coupli.ng.is capacitive, such.that.current, for a given
exci t at i BKBE ¢ gcé‘}'reeta‘ﬁﬁ?%%ﬁ‘gg’%lé‘a%&ﬁefrﬁ@lcgfléiﬁﬁ'@ﬁféw 1P% he energy is

congentrat ed WP§inhdindledléAnslof @RUSHG S R&ﬂf&ﬂiah@@oﬂh@@%ﬁﬁ R be
25characteristics of the rowor columm within the sensor can aftenuate the

energy. bracteatly limitddebpeitt SNRodisr exaneplpvdsadhe tooeh porlicreerethe seisesismay be

nodel ed as a iformRC,line, or a |low pass filiter Ir ) orm
el e il PobB, BN St e e phob MR AT mabigh Bl P AR boNaY 6!
carrier. yBﬁ@sﬁﬁkﬁe [hRbSec WRitehe s dor hamphd, tiawdderithelfintayeaen benttib@bud t o
i ncrease the bandwi dth of the signal sli ghétme/ for exanpl e, by nodul ati ng

ly,
the carr ceptedplsntaichonof ke mayderavatlspriceTs RoisedoniedieoRalotA0@Ptthe
efffct Obnl DERERLNGuLDE UL AELE gl 8@@%@29@@.“5@%@@3& H PP Qobdpmunt ty

t o nanowband®noi se, an creasing ncy’o stemto em
nar r owbaiwbuildios op of the tolik s¢reaeinuge froanthb & Cipniay Hu pederttandeaywoeplaintamount
of energé}recei ved dur{mng,a, iven tinme interval. One inplenentation for

this recéiatarch sspeary &4 %rﬁlgnhtgqa@hwea%quws Jay Anejudsngartydadiosiions (Gg-c n

refers tg

nipliRIde 3ARADS oh ?ﬁﬁ/gg‘gcg?f aiﬁﬁg@) Brl E0AL, GANHPERH KR dediBed] MsMsCuUr rent

[
recei ved o?er a given peri t f the only signal present is the
si gnal f maicoh, hile mahssweparted in fra@renth &bmths desired oo targgitsignak nisg hevopart | onal
to the a Iitudle f the signal received fromthe transmtter. O her
i mptlenen g‘?%‘ﬁglt&ge‘t he receiver may be configured to neasure the current

whi | e di scri mipgihkngctibe idplandedions dhetecéivomrbiftedfire can be configured to look
only for the component of the received signal that correlates with the transmitted signal. For
these receiver implementations, for an incoming current 1(t), and an expected current e(t), the
receiver can compute the integral over an integration period of r(t)*e(t).

25 In some implementations, it may be possible to approximate this correlation by
placing a linear filter in front of the peak detector, or in front of some other broadband
detector. In some of these implementations, a narrower filter may require a longer settling
time, which can impact the system’s frame rate. The correlation over a fixed interval may
also require a longer time to achieve a narrower bandwidth. But with a filter, generally some

30 fraction of the available integration time is unused while waiting for the filter to settle after
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10l n sone inplenentations of the sensor, the performance of the system may
be practically limted by its SNR For exanple, when the touch position on
t he sensowois1vmp@rpol at ed, noi se on the neasured capaciPCAUSR01¢AM3ITRP
directly to noise on the reported x, y) position. In sone extrene cases,

for exanple, the noise itself. may even.contrihute.to creat.e false touches.
There ma eﬁjée%lg\lﬁépgqsu’éeWié’%hﬂgfm ﬁ& ngglafﬁ%x} YH gl}lé(g ﬁ érbt?r'va{zﬁ}e IR TS an %go ne

si gni i cagbt ROWEGEMERTrRRnS. ITHHKE afloyWshatuliss Rl ) AvhiliDle inkhiatixalmd e, if a
touch sensor is built on top of the touch screen, noise fromthe LCD may be
present and maje edaphidon efthe iriegrelran haveyisivns intplamentations fios sxample, sege
sources may, .l ncl ude near r.adi ' {€4:09: i ] Len (AM
radi o), A e%’ﬁnté%r{"%oca m"?%%ep ?%%a?%@&n%ﬁ% t(é’| ‘%g??licgg%ﬂr?%@g Aﬁ?%’ rl‘?%\kfﬁq ile

wel |s- sepasiiict dodpméby Seingi &y nialrdth theerodles icorgam voltadeg@t nsdiygngtt, a seficibay e
very 20l arge anplitude. . In other receiver inplenmentations, the

recei ver C%’f%‘h‘[otn&%% Ry mapsupag dshehasgs die Y13-A186kan ArsctysonyHbthe SHESHLAR of
the rece'dygg% SN 3hd LGRS Ble3bESt Y Mfddtnde! ANAGY s Rusbanghe sHHDEese
receiver | enentations, for an incomng curréent r(t), ‘and an expected
current ahplpmentadon exehevanenahle te ampgratiornt dretypivaeGMVEIS mveesserbecmise ghea$Pon

period of r(t)*e(t), 25In sone |npl ntations, it may be possible to

appr oxi r’ré&é??ﬁs\é é%?%e?%?%sﬁ%d‘ggﬁg%ca linear filter in front of the
peafy detect or oyt iinBlchic@RtioRd fo eMBuIRLiAEhe RiteAdRaNferdRIBS! Qe-sithfleS O Of
t hese inplementations, a narrower filter may require a l'onger settling

time, whewehicledrapaniactireite. Fysexampbe, oneasechrsatiwhedreppacitnt catait moki beviade a

fixed interval.. alsor ire a | er ti. to achi.eve a [ .
binaai o by et dR il St 106 ohe ARETR P GO ABRENS: r {RET QYElirory
i nt egr at BRMRLE TR rbSsthtd e thodwitcBedBigac i@ esktot WahhivahRloftigrs@it), vtheaf Cer VWO

2012/ 009494PCT/ US2011/ 043936 t he previ ous measurenent, while in a

corr el at isohe eamariter yridgeigst md iy dic svittdingriesiyertyorDcamBEng tsdimeenidsh
measur e IS : e n
g e plOLE AL BHE AL Lot senha BRI LRk eoRali ¢

i mpl ementatdioReltageAkhireshcidilr ®y applfrngi agdpe hetitgait settls fararfirtedding end
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25 waveforms, and each receiver correlates against each transmitted waveform separately; (3)

techniques for locally improving the signal to noise ratio in a capacitive touch sensor by

selective scanning; (4) techniques for providing noise immunity in the transmitted waveform

for the capacitive touch sensor; and (5) techniques for designing analog front-end circuits for

the capacitive touch sensing system.

30

18



certain voltage threshold, or by applying a step, letting it settle for a
fixed tinme, and neasuring the voltage after that tinme-it can be possible to
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in which a constant current discharges the integrating capacitor while the
swi t ched ca C|tor rrent char es it, involves a control |oop 20t hat

mai nt ai n§°f ti"?ﬂlé’ ‘é%"gt or at constant vol t age. Descri ptions

herein are pr Swéﬂaqe&quem@m&ﬁ&ﬂta%s@fgide(séf)iberd%mﬁ ﬁiif%ﬁ/lﬁ%"é’@ip\ébﬁge a
capacitive touch sensor that uses digital signal processing to correlate a

t ransni t teaghwensef thatwses tligital sgmphafocassing to sortlatera transmiftedseavstmm \(vle) a

recer var et S ERET T i bl RO IRRCBR I bl SN SR UUFE R R 22

recei ver figf thehailes f@ﬁmmlrcaa@htﬁerseﬂ@ﬂbymﬂ civeiMiprcepar al alaig-103)
techni ques for | ocal lﬁélrrprow ng the signal to noise ratio in a capacitive

t ouch sedigiel gpvedrddWe Tdesariplagon @ﬂt}ia&@wﬁﬁﬁm@sﬂgl@ﬂ agpsh the trpsmiede
| mmuni t yVJ eftoﬁ% TC%IIE ﬁagﬁ moﬁlhﬁféd\ggﬁﬁgramtﬂ nri |39 &(fﬁ‘eo‘?l?ééﬁtlo% pteﬁ&g Ef sensor; and

(5) technlaaues esl T ont circ e capacitive

touch seNDONE*EYlsl @hrre SQk] M\ﬂxe?&lgaét@@&é&éﬂr%ﬂ]/ghkw Qhid dﬁﬁﬁ&ﬁﬁ)e@rcublt@m f(ﬁrn
within the Recel ver Several techni ques_and_ i npl enentations
descr i be@xa¥aRlei by ysHiest {¢ld pregrenpabioEpirartay ERG 8¢ Pyghopsng Elid@s Ogt gP]E il

si gpal p(xﬁ&%x%stﬁé 9&&1&1&%&%@&&&&%{ Bﬁen &&e‘f“%&ﬁ@%’ Q&thﬁbﬁ%t@hé signal at a

receiver in the sensor. I'n one i tation, for exanple, an output
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E[ k] is the expected received signal. This sum can be cal cul ated, for
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0 ere the corr atlo cal.c atedb
and/5or a%ﬂ%ltsf’i}&%li‘l.s refgivgd S%?er?@ﬁt 5t'1°6 toc rel?%f %adltljgéhe 'S }/%51 Fthgﬁdl ttle
error, apgingaAnghitew f ra@tﬁbe%@édﬁh@%méﬂ@icﬁﬁﬁﬁty&!‘ot prodiuse g Eglbtm'ate E[@gatc
The expecte signal E[k] can be determ ned in order to performthe

corr el at 19t bepatiss errthel chprastesipi aal irsSensanatiisevivielica e ddeurdemetiepughl y
the Saﬁea&%wﬁtégfﬁﬂ? M4t ShnbRS 1H8MBhsof el PLarl U fadefh YGHfE Bb@ARY Coul d be
a a a

used to corr ai nst same sl gna e| ng transmtted. In
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because of the characteristics,of the sensor, matrix, i ch cause del ay,
at t ®nuat ey have a relatively large electrical resistance. For instance, trace lines ma e rom 1ndium
tin oxide (ITO) can have an acceptable maximum thickness corresponding to a sheet
resistance of around 50 ohms/square. A unit cell, for example, can be three or four squares,
and a typical pattern pitch can be, for example, around 5 mm. A 500 mm trace, as would be
typically used in a 1000 mm display, for example, may have around 100 cells, or 400
25 squares, or ~20k ohms in resistance. A thicker coating of ITO could decrease that resistance,
as well as increasing optical loss and haze. At 30 ohms per square, a typical coating of ITO
may not be acceptable cosmetically for some implementations. Thinner coatings, with a sheet
resistance in the hundreds of ohms per square, for example, can be used in smaller screens,

such as those on cell phones and other portable devices, for where the lines in such screens

30 are much shorter, so the total resistance is not as large.
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and/ or phase shifts. For exanple, the sensor matrix can be made from | ong
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relatively constant per_ cell, and the cells can be small conpared to the
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It for the sensor can be anal yzed as a
t ransm ssiealestrited wheird the megiviegcdl e ¢omdiiguted e eorhpensate Stnthesesdiedisct ance G,

d the gi R and. C.. Regar dl f th h t tp.th lysis,
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signal . Inplenentations are described where the receiver can be_ configured
t o conpensaion of e tigiedeThé ¢astactdelay may be different for every intersection in the matrix,

though the error introduced by adjusting the phase only along the sensor’s longer dimension,
and neglecting effects of the shorter dimension (e.g., adjusting it only along the rows, for a

25 typical 16:9 display in landscape format) may be negligible. A correct phase shift may be
determined experimentally, for example, by measuring the correlation with multiple phase
shifts, and choosing the phase shift that increases and maximizes this correlation. The
correct phase shift may also be determined experimentally by correlating against both in-
phase and quadrature (e.g., shifted ninety degrees) versions of the transmitted signal, and

30 then computing the correct phase shift phi = atan(corr_g, corr_i) from those correlations. In

some implementations, the expected phase shift may be calculated using the known
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20l n sone inpl enentations, conpensation can be perforned by applying the
expected phase shift (or delay) to the expected waveform E[ k], and
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frequency components of the signal can be transformed differently, and the transformation
applied to the signal can be more complex. This transformation can be modeled, or
measured empirically, and applied to the expected waveform as well. For example, the
transformation can be modeled to have a phase shift (e.g., delay) and attenuation at a
25 particular frequency, a linear filtering effect, or any combination thereof. The transformation
can be applied to a sinusoidal waveform for the expected correlation signal or a non-
sinusoidal waveform for the expected correlation signal. The correlation signal may be in the
analog domain or in the digital domain.
In some implementations, the system may be sensitive to the delay along the RC lines
30 only because it performs phase-coherent demodulation in its receiver. A non-coherent

receiver (e.g., a peak detector, or a system that computed correlations against both in-phase
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RC line may be described as an attenuation and a phase shift. If the
waveformis nore conplex-for exanple, if a noise-like code is used to
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FIG. 3 depicts a diagram of an example of a circuit 300 including transmitters having
cotresponding control logic to drive voltages across lines of the matrix. The circuit 300
includes identical copies of the same circuit on either end of the lines 320, and control logic
25 to drive them with identical waveforms. D flip flops are arranged into shift registers, such as
shift register 350. The circuit includes transmitters each having a long, high-voltage shift
register, with one output per column, and a high voltage (HV) driver 330 to drive the
respective ITO line 320. A separate shift register 350 connects to each side of the matrix,

and the two shift register chains are provided with the same logic inputs 340, 345, so that

30 their outputs follow in lock step.
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In one inplenmentation, this configuration for generating the factor of four
can be 20achi eved by connecting the two ends of the trace with a conductive
(e.g., coppen)2/omp49¢, and routing that trace all the wayParaseaioh®3censor.
FIG 3 depicts a diagramof an exanple of a circuit 300 including
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i npl ementations can correlate wth respect to nultiple waveforns

si mul t anepusikeirical design for a circuit 400 in both the column and row directions. The circuit 400
20 has at least one transmitter 403 on each row 407 and at least one receiver 405 on each
column 409. Specifically, the circuit 400 has two transmitters 403, 413 on each row 407 and
at least one receiver 405 or 419 on each line 409 or 429. In the upper half of the circuit 400,
the current from transmitter 410 can be received only by the upper receivers. In the lower
half of the circuit 400, the current from transmitter 420 can be received only by the lower
25 transistors.

On the receiver’s side, the trace line is split at the middle, and the output of each
half’s receiver can be processed separately. This implementation allows two transmitters to
be excited simultaneously, as long as their columns are on opposite sides of the split, since
they will be handled by different sets of receivers. As aresult, all the columns can be

30 scanned at twice the speed, except for those very close to the split. This implementation can
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FIG 4 depicts a diagramof an exanple of a circuit including transmtters
and receivers to drive voltages and sense currents across |ines of the
matri x. PVG20/@s a symetrical design for a circuit PE@M@S2e110e3986 t he
colum and row directions. The circuit 400 20has at |east one transmtter
403 on each r 07. and at |east one.recei.ver. 405 on h .col 9.

Speci fi CQSPQ?I%VY?]@GC?%% © 266" essa%nﬁegr hg%ﬁp]tee?rsca}fé@?ﬁlﬂ lgnggaélcﬁ row 407
and at | gastei@mahé eard feme 4486 or 419 on each line 409 or 429. In the upper
half of the circuit 400, the current fromtransmtter 410 can_be received
only by the uBHerS depiess ¢ diagram pf anexampleee! aifioe-dmensenad (3 meshader, S00ipd
current from 4! i\

25t 1 ansi BTt ERABLE Sad oty 8Bty LRERYKHoARlKs B il SOME e e of
m ddl e, aRdotdhescasdrpli thef3Demesh pial 500, thecrinierepraentbthepnasesd édseliepar at el y.

This inplementation allows two transmtters . to be excited sipultaneously,
as | ong &¥EhIce B9 themexigrad graxbisBEsed Pesies IBﬁhetlﬁétrgﬁﬁj(?ncg H!%J?‘H ePﬁeyy
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col ums can scanne tw ce the speed, except for those very close to
t he spl i plot 300,3hé reptizadsipadtlisoengtiafells \WH 20d2the dogdaRCt 8 20aiXx. 04BOBt al so

doubl e t frame _rate, giyven, the sane inte tion tinme,. or ca oubl e the
i nt egr at ?g%sm%f(ﬁiI%WCgH _atstﬁ‘?FB_lsf ?Ila‘??‘é’(’?%ﬁt’élﬁaﬁ Ofplnﬁf“@ecglvﬁ‘iﬁgﬁassg n%?{" agr am
of fn exaaplgsefthd Pwﬁ&?d&! RRSARABIDhERENrRE Ahed OtheYlotBDBSHABELs

capaci tance 520 with respect to |locations 510 across the matri x al ong the

surface wfridione int hacteaswnd oapacitance Hehigibmas b dge &1 nGEO0! to leme ot s
represents %he me capaci tance, and the x-axis and y-axis

asyr ed ﬁgsel i ne
r epr esent™HEHW SHLHR P HE 38T % al ong the surface of the touch sensor.

When the received signal strength is correlated for every intersection in

t he pl ot caRE-divided 64 tinedistempirapimivadvefbahks of f along the long lines
of the matrix. The plot 500 shows, i nstance, that th is.an

L 5, for ) er ,
exponent i al f dpshniques ppd ipplemepiationsdreesarbedsio éﬁa%al‘ilt%é%%\ﬁél?%%m@ﬁ’é‘

pos15t i Onﬂ%‘t’ﬁastt antsgﬁte% Bﬁ}"é@éi(f&@, V%e éﬁx% tﬁgsﬁxft%‘fsecalni B utﬂ?ﬁogé)rfétl 500
fons 1n e neas é |c% may

i ncl'udes "varia ured capacltance, wh e due to noise
or to somavefohss, angehdniccalercan catrélan agmnsthaclassenittyd wisdendsopaciedy.(vs.

time-divided) transmt waveforns Techni ques Endtj | ement.ations are
descri bed for I%S%Q&lgmgga@cgﬁc%n@%qrﬁ%t mplikgneot a received signal strength, as

correlated against an expected waveform, which is proportional to the capacitance in the
matrix. The signal-to-noise ratio of that measurement can be a function of the integration
20 time, where the longer integration times can be used to achieve higher signal-to-noise ratios.
In some implementations, the excitation waveforms can be orthogonal to each other and
transmitted simultaneously, and in other implementations, the excitation waveforms can be
orthogonal to each other, as well as to noise, and transmitted simultaneously.
In some implementations, a way to improve the signal to noise ratio in the capacitive
25 touch sensor is to increase the integration time. The received signal energy can increase
linearly with that time, while the energy received due to random noise increases only as the
square root. Because the frame rate of the system also scales with the integration time, this
can be a tradeoff between frame rate and SNR. Other implementations can be made that can

activate multiple transmitters simultaneously, using code division instead of time division.
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15t hat has transmtters and receivers, where the transmtters can send out
ort hogonal waveforns, and each receiver can correl ate agai nst each

transm t two 20evedorm separ at el y. I n some i npl enent *CITAIs2011M43936
measurenent is taken of a received signal strength, as correl ated agai nst
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exanpl es of waveforns for transmtters. FIG 6A has waveforms Wwith

exci t at i omplemenkatiomgt eayntimd, onls pwrofithese ivsivesorme is rmezeFt & theBhhnsrewavef or ns
wi th excitation involving code division multiplexing. For instance, FIG 6A
shows trgﬁg‘?ﬁoflf‘]ers 625, 630, 635, 640 where the transnitters have waveforns

620 that are P1G.ngB HowsdRmsmiticl 6735 BEE 685 069NEherd eHehRinsihRteds havki M di Vi si on
mul tiplexing). For exanple, transmtter 630 has a wavef orm sequence [0, O,

1, -1, owagefoons 670 thahase erthegongbivitiagrspess e ore arother,f1up tvheresit sRp gy eR HAXS, t he

di gj tal valu [epresen vl i Qi . ue - 1 has a
vol 5age “:lt \E/ive %ff?snglﬁﬁrst%ﬁa&%c?ﬁﬁa}n rgitagéf‘ ﬁgl%grro %}t%éc{;ﬁtgg, %%1/g alf’rls\ét%{sm tter 625
has a waugifitilerise e egamdle tlansBitted 69Qhash whvefOim sdquamenifit.ed, 635, hak a
wavef orm sequence [0, O, O, 100, 1, -1, O, 0], an(ij transm tter 640 has a
wavef or ml sddurhfse theproltage versuy tinge plot 66p showp thatghe qigital valyg || dpRIAIRES Dn,  at
any tinme f f ' ; e

ort hogong?l(.?a{gexébg%g?% thég%%ym%ﬂfrlg%%\’??% 2&%7 1096%81, ﬁlgg’%ﬁagg%uﬁ?}er e the
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waveform sequence [-1, 1, -1, 1, 1, -1, 1, -1]. Even though a Manchester-coded Hadamard
sequence is shown in FIG. 6B, the sequence is not limited to this type of sequence. In
general, any orthogonal sequence may be used. In some implementations, for example, the
orthogonal sequence could be used to modulate more than just a single cycle of carrier in

25 order to narrow the bandwidth of the signal.

In implementations similar to FIG. 6B, transmitters send out orthogonal waveforms,
and each receiver, instead of performing just one correlation, correlates against each
transmitted waveform separately. The orthogonal waveforms generally may be generated in
any number of implementations. For example, (almost) orthogonal noise-like codes may be

30 generated by taking successive cyclic shifts of a maximum-length shift register sequence.

Some implementations may involve classes of codes that may be used in code division
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mul ti pl exi ng). For exanple, transmtter 690 has a waveform sequence of [1,

-1, -1, 1, -1, 1, 1, -1], where the voltage versus tine plot 665 shows that
t he di gi twb 20002492 represents a vol tage above OV, the @cgiusadiiwaiode -1 has
a voltage below OV, and the digital value O represents OV. Transnmitter 675

has a waveform sequ 1, - 1,.-1,.1 -1, 1, - Otr.ansm tter 680 has
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wavef or msRetueRcgucheyl) mdy be donefatedland-dbmodulatel]effiE@ry WiRHGhstF ourier

Manchest er - coded Hadamard sequence is shown in FIG 6B, the sequence is not
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tones (e.g., unnmodual aéed carriers at a single constant frequency) nmay be
gener at ethtegrd foesmaushartedting fiy wit eatdssarily zé¢rox Thisstan Peaanitleat aFeaheiad tetchFFT) |

as in orthogonal .freqgue -di,vision.nul tiplexing (OF . One of the main
easons. PRPRaReHE S e i B e AP DR e SinclafBale e
total tragsmstbiRdcARE! dlectiddf rdifIks tHergpstomes idie RNR Witisiefeteasibagorhdie si gnal
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number of simultaneous codes. _ » \
Implementations of the described transmission technique can therefore be applied
partially. In some implementations, the transmission can occur on a small number of
columns simultaneously, instead of transmitting on only one column at a time (e.g., a
20 traditional time-division-only system), or on all of the columns simultaneously (e.g., a naive
CDMA system). For example, if there are 90 columns in the matrix, then those columns can
be driven in pairs, and the frames can be divided into 45 integration times. In another
example, the columns can be driven in triples (e.g., three at a time), and the frame can be
divided into 30 integration times. By transmitting on only a smaller number of columns
25 simultaneously, the integration period is kept short enough that the user’s finger is roughly
stationary over that period, and the spurious correlation does not occur.
The time-divided waveforms for this technique can be orthogonal over any interval,
for example, and not just for the full period of the waveforms. This can mean that motion of
the user’s finger during the measurement can behave as expected by just weighting each

30 received waveform according to the amount of time that the user’s finger was at or around a

corresponding location of the sensor.
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10code_| (t)*code_2(t) = 0), they are not necessarily orthogonal over
shorter periods (i.e., that integral for sone shorter tinme is not
necessar iwg 20909494 Thi s can nmean that a very brief touclrCTas20miise of the
user's finger during the integration period, can cause spurious conel ations
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correl ati on does not occur. he tine-di vided waveforns for this

t echni quertbegonbktospmieagisn dtequansy nzayydependeetyaflleast beth dxamp@atignigieqyencyj ust
for the fu eri od of the veforns. This can nean that noti on of the
user's f P Q? 8ﬂﬁ$ﬁ6&fﬂg5%%§%Urenent can behave as expected by j ust

wei ghting eacim sffiergivaehtiemsf @err@eaofolienioh @ sbiree aumidothedentdri® t hat the
user's finger was at or around a correspondi ng |l ocation of the sensor. WO
2012/ 009RTAFET! USPLAVY FOEI TS Ereapmsion it EiverreeliTesHengiesar weldioming theg thase

ort &Ogo nﬁjeql?gﬁ%ieg ?ﬁaiyoorel rﬁ\@a\é@egfzma th@&kcitation waveforms may be chosen adaptively at run

time to be orthogonal to the measured noise sources. The frequencies of the noise may be
determined, for example, by holding most or all of the transmitters at constant output voltage,
and measuring the spectrum of the signal that is incoming to the receivers. This
measurement may be repeated, for example, at an interval corresponding to the rate at which
20 the unknown frequency is expected to change, or run continuously, and averaged with a time

constant corresponding to the rate at which the unknown frequency is expected to change.

Locally improving signal to noise
Techniques and implementations are described for locally improving the signal to
25 noise ratio in a capacitive touch sensor by selective scanning.
In some applications, it can be useful to know not just when the user is touching the
sensor, but also when the user is about to touch the sensor (e.g., when the user is holding
their finger within a few millimeters of the sensor, but not touching it). Having the ability to

detect this condition is sometimes referred to as a “hover” condition.
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i npl ementations are described for |ocally jnproving the signal to 25agise

ratio i ncenditigiafor deteetingdtie hoa ﬁglaf}itim(es%f/ ehevoy thrashgkh iy the'hover threshel

appl.i cation i u - c o f St i ng
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“hover" using only the standard differential capacitance. For exanple, the
t echni quesasaeméntcah be repeasdiratimywishetht heasrembyt canbatreaeated gllefrappratpr i at e

franme rate for a .target. touc erformance (e.g. rou 120 Hz) n
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spatially averagi ng, by convolving each frane's inage with a kernel the

si ze of thae rewpdbe mdeiverspamslso bEtimeanultiplescd hhesleqting rewer i s touching the
matri x, the usgr can produce a spot of about .| LN di e r anpl e.
nmeg(%?q%g&ue C4R R us Y/enfjlrlsot OIitﬁgchﬁa%xampFeh%}gﬁ gdndgt on tﬁ%&

As the user rix, eintensity of that
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> pa;[5| al rfrgil?elrgtte! (I)tnwgl?lcril blg%ogs(i:bclg,pfgra (?xlarenpfle? tco scan the entire screen with a short
integration time, and then re-scan only those columns in which touches may have been
present, according to the initial scan. It would also be possible, for example, to scan those
columns in which touches were present in the previous frame with long integration times,
and scan the rest of the matrix with a shorter integration time, or even less than once per

30 frame (e.g., in an interlace pattern). From these approaches, the initial touch can have a

slightly increased latency, but a decreased latency on subsequent frames.
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techni qu y’ 1 nprove Ct1ve scannin I ncl udi ng

per f or m fgplemss@tion, tHelgteidyod fehs §R&AT mapn baardunt ¢ 20JAe enqeaht esen hgetogehedl: 4
interlace, with full frames at about 30 Hz and subfranes at about 120 Hz)
whi | e sc#nni ng 5those columms that had touches last frame at full speed

(for the latepgy ¢ d@pia@g fidy &iﬁ@laﬁmf an example of a method 810 to scan a full frame of

the sensor. FIG. 8A shows the method 810 as interlaced 4:1, where a first set of selective

20 columns are scanned and columns are scanned from a currently touched list, and a second set
of selective columns are scanned and other columns are scanned from a currently touched
list. The method involves scanning columns 0, 4, 8, ... (805), and scanning columns from
the “currently touched” list (810). Then, columns 1, 5, 9, .. (815) are scanned, columns from
the “currently touched” list (820) are scanned, then columns 2, 6, 10, ...(825) are scanned,

25 columns from the “cufrently touched” list (830) are scanned, and then columns 3, 6, 11, ...
(835) are scanned, and columns from the “currently touched” list (840) are scanned. In this
method 810, the first set of selective columns includes columns from 0 to n, where n is an
integer, and the columns that are selected include every fourth column between column 0 to
column n; a second set of selective columns includes columns from 0 to n, and where the

30 columns that are selected include every fourth column between column 1 to column n; the

third set of selective columns includes columns from 0 to n, and where the columns that are
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fl ow di agram of an exa 850 t scan a single
have around 1000x1000 plxels can run around 100 frames per second, and can have a line

20 scan frequency that is therefore around (100 frames/s)*(1000 lines/frame) =100,000 lines/s,
or 100 kHz. This can be quite noticeable for large displays, such as for flat-screen televisions
and large monitors. This can be close to the excitation frequency of the capacitive touch
sensor, and may therefore be considered as in-band “noise.” In some of these
implementations, the excitation frequency can be selected such that the excitation waveform

25 is orthogonal to the LCD’s line-scan frequency over the integration period, for which the
LCD’s line-scan frequency includes the signal that is the dominant source of “noise.”

In some implementations, if the transmitted waveform is an unmodulated carrier, then
a frequency pair can be selected using the same or a similar process as used to select a
frequency pair for orthogonal frequency shift keying (OFSK). For example, the frequencies £

30 and 2f can be orthogonal over a period 1/f, regardless of their relative phases. If the LCD has
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T e
phases. WashbeutllZBd hdsme Wikraath2/ i6)SAAREDhUBRAP Hidigd 8@3Binsmitted signal
specifically to have no component at the noise frequency, which can allow the system to
make full use of its transmitted power while rejecting the noise.
For this approach, it can be useful if the noise frequency is known in advance, which
20 is generally the case for an LCD. For instance, an LCD can run with a constant pixel clock
and constant timings, independent of the timing of the input signal, and can resample the
input signal to run within its internal timebase. But if the noise frequency was unknown in
advance for some reason, or if it became necessary to reject some other narrowband noise
source from the environment, then the implementations may involve selecting the transmit
25 waveform adaptively, according to the spectrum of the noise measured on the receivers. In
some implementations, thresholds for a detecting a touch can be selected adaptively,
according to the magnitude of the received noise, so that if the ambient noise is high, then the
threshold to detect the touch can be increased, and the likelihood for triggering a false touch
can be reduced.

30 FIG. 9 depicts a diagram of an example of “noise” at an output of an analog front end

of the system before demodulation is performed. The diagram 900 includes an example of a
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FIG. 12 depicts a diagram of an example of a correlation of noise frequency against
excitation frequency over an integration period. The diagram 1200 shows a sinc-like
waveform 1215 of the cross-correlation between the noise and excitation frequencies over an

25 integration period, where the optimal choices for the good excitation frequencies occur at the
nulls 1210 of the waveform 1215. The y-axis of the diagram has been normalized to a value
of one when the noise and excitation frequencies are equal. In the waveform 1215, the noise
frequency is 135kHz, and the integration period is 6 cycles of excitation frequency.

In some example implementations on some LCD panels, a burst of broadband noise

30 can be generated during a narrow slice of the full frame time. For instance, for one 55,

120Hz panel, the broadband noise may be generated during about 150 us of that 8.3 ms
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20 receivers, and the excitation waveforms may be selected, such as being adaptively selected.

Excitation voltage
The system’s noise performance generally can be determined, for instance, by the
signal to noise ratio at the receiver. As described above, various techniques can improve the
25 SNR including correlating against the correct expected waveform, where the valid received
energy is extracted from the signal, and choosing a waveform orthogonal to the noise to
decrease the total received noise. Another technique to improve SNR can be to increase the
transmit power. For instance, small capacitive touch sensors (e.g., around 4” diagonal
distance) can operated at a standard logic voltage (e.g., around 3.3 V, or slightly higher), and
30 larger touch screens (e.g., around 15” or larger diagonal distances) can operate around 10-20

V, for example. Because the SNR can scale with voltage, some implementations can
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amplifier amplitude response 1320 and a two-stage amplifier amplitude response 1330. The

20 first and second stage amplifiers are front-end amplifiers with a gain of around 1V/uA, using
10MHz gain* bandwidth operational amplifiers, and being loaded by a uniform RC line with
a total capacitance C=800 pF, and resistance R=5 kOhm. The single stage amplifier
amplitude response 1320 has undesired peaking 1310 in the gain, which correspond to
ringing in the time domain.

25 Some implementations of front-end amplifiers may not attempt to take all of the
transimpedance gain up front, because it may make it difficult to keep the amplifier stable
with a large capacitance to ground at the input. These implementations may take a small
transimpedance gain up front, and follow that small transimpedance gain with voltage gain to
improve performance. The initial transimpedance gain can be chosen large enough such that

30 the device and other noise of that first stage does not dominate, since that noise will be
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anplifiers with a g@l n of around 1V/ uA, using 10MHz gai n* bandw dt h

oper at i opesond fysibadkersisionR ivranpertebbriweebijic st RV IRENIPHE R a t ot al
CoBgct | 055, SR AR ANREGTED (om The i nole stage ol e
correspond t oThé igplegehtatibhef FiGTe4daan intlud%Saph-quatil eorninalogdivat ofd,
front-end anplifiers nmay not attenpt to take all .of the
using linear amplifiers. This configuration can maintain the input voltage very close to a
constant value, and can tolerate significant capacitance to ground. In FIG. 14A, a row of the
sensor can be connected to the input INO. This design may be a transimpedance amplifier
20 with the gain being determined by Rf and Cf. This amplifier 1400A may be regarded as an
integrator, with gain (in units of V/A) 1/(s*Cf), where s = j*2*pi*f is the frequency of the
input signal. The resistor Rf may be chosen to place the time constant Rf*Cf faster than the
integration period, to stop integrator drift on the input. For example, with an excitation
frequency around 100 kHz, that time constant may be aroﬁnd (2.2 nF)*(2.2k) = 4.8 us, which
25 is faster than the period of 10 us. In combination with the capacitor in the sensor matrix, this
configuration can essentially form a voltage divider, so if the transmit voltage is Vt, and the
sensor capacitance under test is Cut, then amplifier IC1A can output a voltage Vt*Cut/Cf.
By taking a smaller transimpedance gain, and following that with voltage gain, the
closed-loop transfer function can be stable and ringing or oscillation can be avoided, even in

30 the presence of large capacitance to ground at the input (as will occur when the traces are

long in large displays, for example, where values may be in the hundreds of pF). In some
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transi npedance gain up front, because it may nmake it difficult to keep the
anplifier stable with a | arge capacitance to ground at the input. These
i mpl ementwi0i2oreopey t ake a small transi npedance gai n upPCrarseo11am$3é ol | ow
that small transinpedance gain with voltage gain to inprove perfornmance.

The initial transinpedance gain can be chosen | ar enough.such, t hat 30t he
devi ce aHleﬁlﬁlﬁ’étP“ g\? lﬁlfla]ttﬂaé't“nﬂ? g?ces%aépg‘@ng’(?é’ilo g_ﬁar@f) ﬁ?‘ﬂ’%‘éﬁatgP%ce t hat

noi se Wi bhae s WRi203AL0094 PSSR AT A6 BativdrRlrb@iel Jbyinkitaht age
gain of the second stage. For exanple, if total noise, which can be

r ef er r edcemparbdtoothe pajel systemmwissecond stage, is expected to be around 100 mv
RMS, and the second stage has ain of 10,.VN _ then the. first an
have the devi ¢&°HWY lgg)lfrg%a hoélf’gfgg?)fagfﬁcf%tt ee?levrllcoel as‘?g O@beﬁrn aB8g? %?rﬁgﬁ%%iq%gnoi se
coupl ed 4068 thb endePMEior@HRIuE RS nbiRE gencaipd @lthitethb spstdilesinckGhdMoisEisG.  14A
depicts a diagram of an exanple of a two-stage front-end anplifier circuit.

In the chmplified bythesain efantlifist [Gldb| nfane expraple af B slgsian.this apayfoaresrangd 4¢ e
VREF iy i-ng. i 1. nal o3 ' | ' t]
nput Ct of RSB ARbIR ot ST R of BYInET, o QRithe ghe Shu UL B

r esi st or RBIRcaMn@aided. Hekvme mplomehtatiets, thegapaytiot CA0hebativabn & @oducam
output termnal 1 of the anplifier |ClLA The qutput termnal 1 is ﬁognect ed
in seri e¥eydow salmpHevRdc0 ke, Wi Beisq coupladiTim fhectspne BRgd May haye papliudR

Theigsecopd R s ol AR DaBu B ARG bilthler M nal 5 connected to the

reference voltage VREF and an inverting termnal 6 connected to the
resi stor Ra. AIGddBndbpictedliavidiagapnof tioexadiplafu desigeingndrdnéeddanklifiesi st or

Rb is connected hetween the inyerting i.nput fermnal nd an .,l15qut put
o nal VRGP DORE S baO b Gt antpappnance fof SRR, B BN BefRe AR, o
14A can {fReluderd, Bhafrefudint e BI'RsIBRBLRAY ohih @ tin Q/Rtbh HS LMies dah BB 3K

anplifiers. This configuration can naintain the input voltage very close to
a const apapavigdnge, andritie & caprcEne & isitdghg pveefithe applifierawbishcen be pdeled | n

FI G_ 14A row of the. s can be connected.to the inp LNQ. This
desi°gn nﬁsy%ﬁ§a%a°ﬁ?lécﬁs°|%%eeﬁaanéﬁcezﬁlﬁf Ri tl?lg P2 ﬁwefﬁaéaragﬁerns lﬁéel%l%%% et er ni ned
by Rf angxddatiod hegued Eg-driaﬁfen&ﬂﬁ@@dﬁﬁyf&% vregbaaekoatiansipmnil egg. ap@udowi t h
gain (in units of V/gg) [ (s*Cf), where s = | *2*pi*f is the frequency of the
i nput  si §Rias seampree). e sheorxpretedripfal isEstemasiss Iy aviighamay bheouplereireB Mg ant

RO Taste] of DA Jf 8kt S8 AhiaNeRAEA Afhe bRSE §Bnl-GiAgpat or drift on the

i nput. For éxanp an excitatiron frequency aroun 00 kHz, that tine
constant may BRe afetivddn(Rved chbdsin@a ZkyormpatalBe tisthe whthldhp@rapeithast@g t han
the period of 10 us. In conbi nﬁtion ,vvitB t he ca agito ig1t e sensqr

mat3% x, Hi28). epnrhepsing Rigrowndihesumainpsdy PR @G EediSANEY Olso i f

the trangpltl.voltage qi e e ; | t {HaBisCuUt ,
A T e S g i T TS
smal | er tquahsi thp ddsireddagai gain divetlefl blyltainsg stapagaini ¢ &, CoGt(34E) gaidn, t he

be- avor dBgEbeR e atttne it BLL RO Ol rgd aies PRnRe B B b e
i nput  (aguchithht QoY PEER> (REREF RS €S138Y. EThe method also involves choosing C, for
25 about 500:1 attenuation at 60 Hz, so that capacitance C, = 1/((R,*500)*(60 Hz)*2*pi)
(1440). Then, the method involves choosing Cy, for about 10:1 attenuation at 10*f, so that
capacitance Cy = 1/((Ry/10)*(10*£)*2%pi) (1445).

Some of the described embodiments of the subject matter and the operations can be
30 implemented in digital electronic circuitry, or in computer software, firmware, or hardware,

including the structures disclosed in this specification and their structural equivalents, or in
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long in |arge displays, for exanple, where values may be in the hundreds of
pF). In sone WO 2012/ 009494PCT/ US2011/ 043936 i npl enentations, the initia
transi npeslanee/yadim can be chosen | arge enough that thePoparspoiz/od®sé ce

noi se, and any coupl ed noise within the receiver circuit, are insignificant
conpared to, the total systemnoise n,so il enent at j ons, f.or .exanple
he devi GG SEREPR 6l CaroH! 1ty FFPBrTen of It Sip BErpHe Sreto B Hrt an
sour ce ofpddficaBoeREtAhEleibritdt 43 dnB@r Bib3d Edthp el siBgrhhal i d)Une®r nfor@npl i fi ed
by the gain of anplifier 1C1B. In one exanple of a design, this may

cor r espohddulss af exppisen mapgremGhstoictigns gnepded pn gempyiesstetagpawdin 6 ar ound
1.5 kChns, _and volta in Rb/.Ra eof ar . i .ations,
the capabiseBlonaER BasR Bl dneRy 08 o BT b3S MBI R R
wherse Noh&EticQYIN BdofanOifsirit@iods edn s dricb@r onayartifiviell papieritedipropieed or nore
times as great as tﬁaﬁ of the signal, for exanple. . .FIG, 14B depicts a
f1ow di agash o8- amaskiamEcactisd elestiicgh PRigea, arelsistromagneginpsignal 8t i§ t h

appropri e . . L g il ;

mothod of Tl 1R HRARRLHORT SRR LBTIEMARER Tt Ko iR, |
G i n whbgh datagrouesdisg agpardies. | Theahpambtasiag apparatus heytiotlade thapasot, ange Cu,
at the iggut o} the anplifier, w@jch can pe nodel ed 15as,thet%g&§§jt nce of

the | TO Py BREOT hREENSPR ayePeeRfstt 2 TFiTaY W PR S ERar-sIinRT IR HFEVERK Bt i on
freguencyydent 9/ SRNrEhal B@?éﬂ? BEX¥céiQbrs ArsRAMRARInY it R4danR 164i9nal , e. 9.,
pseudo- nol se sequence), and the expected total system noise In, which may

be coupl eskofinehwithetht @Dsot or theidesiverfs andior atsmitiend, eraany lsembafation Graod Ahe
anal og front-end input.. The t hod .i nvol ves choosi n co rable to the
PR e T kRt R e

I mpedanc g B&Ri-feddfh] Stofalze BibstBR, 4 FRAAURANSE Yei@dl ab&¥seiRElory 8&) or ddVice, or a

1/ (2*pi *PCf) (1425). The nethod i1 nvolves choosing a ratio /Ra that is

equal t ocerhbingiéeri efeatietonmepae ofjthien. dileteaeat, While eompyier sterpagymedismmis net g, |

(1 nteqr aboe o8 PR EuiBuiafnias BafbaRER il P b B BER QPR sy« v

(1435). phgrarifiadct@dsentdiealiy asatifionsipendatetl propababd bignd0The campetetiat i on
at 60 Hz, so that capacitance Ca = 1/ ((Ra*500)*(60 Hz)*2*pi) (1440). Then,
the met h8l@ragaveAdies camalss bagr bp incided iy wne PoMPresepaRtrRysisaaomneasnts gh t hat

capaci t age; QR o= chGHIRRITONL Y biiePBlake HIALD).

The operations described in this specification can be implemented as operations
20 performed by a data processing apparatus on data stored on one or more computer-readable
storage devices or received from other sources.
Various apparatuses, devices, and machines for processing data, may be used as a
“data processing apparatus,” including by way of example a programmable processor, a
computer, a system on a chip, or multiple ones, or combinations, of the foregoing. The
25 apparatus can include special purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated circuit). The apparatus can also
include, in addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitutes processor firmware, a protocol stack, a
database management system, an operating system, a cross-platform runtime environment, a

30 virtual machine, or a combination of one or more of them. The apparatus and execution
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Sone of the described enbodi nents of the subject matter and the operations
can be 30inplenented in digital electronic circuitry, or in conputer

sof t war e, whizorvmp494 or hardware, including the structuresTdiSsahios®déin this
specification and their structural equivalents, or in WO

2012/ 009494PCT/ US2011/.043936 ¢ inations. of one. ar nore of them

Enbod mef e ogPPHETSB et S Dpepesebea mer e ERLEe Mt Fietean be

i npl eneni@dicas dRREHUREA BRA LR ARV R cOhPEIABfradtrRturesone or nore nodul es of
conmput er programinstructions, encoded on conmputer storage nmedium for

execution by, Asonpytes prgron (2lhekeper a4 pragim, setvarcpiadvess ppicaligiar at us.

Alternatively or.i\n.baddition r i i d on
an art 11 PPy ogb Tar B Mo R abPul o8 B AR S BRI A DS BRI

el eat r i Calterp@pdd ledduagey, dedlgativosmgoaidul ingadles, dndat candeglepleyad chnyo encode
information for fransm ssion to suitable receiver apparaLus,for execution

by a dat B BEEKERIET BHKrAPRRPIOTHE YASA PPBLR SOMRENLALIHPIRULEC.PRIFCH REI ude
the sensgg.. \gﬁg&' sR@bRALT %S?]fi{}v, Btaﬁllnﬁﬁtf[ﬁ%}génfﬁ%eﬁe A@c%&te@ro amYiRk ,)'?uﬁiééela the

sensor, may I ntegr at syst em and/ or sen3or, part of
recei ver sot, toreaspond toer e i o fifxosystetrs A pchgram lcagbe staed de b poenwif b Hil¢ that sensor

or the receivers and/or transmtters, or any conbination thereof A conputer
storage ﬁ%lé? aheeareerEs o daigdeign Ope BEROFSeIRISSHTR et %&Hi‘iﬂ}g@agﬁ or age
devijce, BoGRAMRBL B 1 SiRAHA G ddaRldRE ShSHHBBlah P Quedidn2 DR AfipR&bbRlinaA&L €SS
menory array or device, or a conbination of one or nore of them Moreover,
whi l e a Gbtegefilsttioat atpee omediunere snatutes asubSpe geagarawrisgingealcoded. donput er

storage nedi um can be a,source destination of caonpputer pr.ogra

nst r uct FORREHE Bt v oS el ML AP P A S R O S,
conput er thxt HedgRtdiBA oHELIEAH BtEButb acrBss MeltibRaitddad inferconnected byrdr e

separ ate physical conponents or nedia (e.g., nmultiple CDs, disks, or other

storage Q@vm@é§?ﬁmHW§W©ﬁ@rations described in this specification can be
| plierent ed. ag; OReAkLONR BARSRIIE Y i RIAl B RLARSS A b LBRBAA o
e or ‘nor abl'e ‘st e

(5]
data stored on 0 e tonputer-rea orage Vi ces or recelved

from ot her megUsre@ammable prod&sér® dsccafipgoad tisaste ddaputee progaas waehionas f or
processi ng data, may be used_ as a "data processing appar at i_.ncl udi ng by

way of eREHEEY APpiabig arHRRE @a%a%%@&ﬂpgguwﬁpﬁhee?rpceéswégi%i%hws EMtp, or

ltipl i i .
IR g R T e S SRR s b, o

., an (field progranmabl e
circuitry, e.g., an FPGA (field programmable gate array) or an ASIC (application-specific

20 integrated circuit).

Processors suitable for the execution of a computer pré gram include, by way of
example, both general and special purpose microprocessors, and any one or more processors
of any kind of digital computer. Generally, a processor will receive instructions and data
from a read-only memory or a random access memory or both. The essential elements of a

25 computer are a processor for performing actions in accordance with instructions and one or
more memory devices for storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or transfer data to, or both, one or
more mass storage devices for storing data, e.g., magnetic, magneto-optical disks, or optical
disks. However, a computer need not have such devices. Moreover, a computer can be

30 embedded in another device, e.g., a mobile telephone, a personal digital assistant (PDA), a

mobile audio or video player, a game console, or a portable storage device (e.g., a universal
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gate array) or an ASIC (application-specific integrated circuit). The
apparatus can also include, in addition to hardware, code that creates an
execut i orwerrvizvoommnt for the conputer programin quest iPOmUSR013/043960de t hat
constitutes processor firmvare, a protocol stack, a database managenent

system an. operat| syst.e acr - tf [ I t
30vi 1 t uar TN B oISk ORI TGRS e B e oy fof REHPE HEPYE 5 at us
and execpidgitn indBudibhe/a0Q 848 4G\ AB20nd ORI LTIV nfe@ibiR Thedi@ind @ahbae

various di f%f erent conputing nodel infrastructures, such as web services,

di st ri butesdcasompludingdyariey efraxamplarasoisanguetar meweridavisesse-2., EPROMy conput er
program n r X r sof t - Gat | | pt,
or "coie) CERRCRE YRR e SR RGNS s o MR MR 88 o BN

Cogmi | eddi@ksb;Fyﬂla}hetlrom]ﬁg@ldiiﬂ@n@w@BS{ONMd@ﬁDLR@MdisIm odeduo@ssdr andtirges,
and it can be deployed in any form including as a stand-alone program or
as a rrndmeél,oﬂéé@pr'%ﬁ‘r%‘ﬁPl,en?HEﬂcth PIrjBCOTpYAAN, SPECIR} INEPOSE IRIC SHFUHED| e for use

in a conputi n@‘o?,?aﬂi&é)f%m&?lc@n%fm%%, ShH /I BY thegglgeje&%éjcteg%scribed in

correspond to a‘file in a e system A program can stored 1n a portion
of a fil ehid mtiffoatidscantbeedmppmogteans ocontate haging.a, digriey daviaepe.g., a6 Pt s

stored in rkup, | .an .11:1d t), | ingle file. dedicated t
The. pr oG RAMIR ke B IR AP GRaeBpiioRaDbopiRyise HERTRRort fis ¢ ay
St Ofge ONGseRandBkEyHREAHARS: pRHPPIQWCAEE ., a HouBObE 4 BRKbAf, 50FBILh (HY GeNFHAL er

program can be depl oyed to be executed on one conputer or on nultiple
conput er gravirgtinputdo Hecatmpdtent Ogres kgids of deviekssan bpusasido aeevadsiomiiteragia sit es

and interconnected hy .a co ni.cat i on_net.wor 15The proce ogi ¢
lous deSarieg e SHBRT FeatrbrEaeel perd il 5 TRERane

pr ogr anmeRlBadR! £ 6% RAIScaIACK tldigor fE:dBACKYOF Rictle TRsdbadk; Rh gipaiBoiahger f or m
actions by operating on input data and generating output. The processes and

| ogi ¢ f| Bies cambe rcsiyedin derfounineluding agonstiagpaschs eistagtdp inpus olnpdditiont @nent ed
as,,_special _purpose, | ogi i i . e, P i e gate
o ;P ShpURETR PSS AE Bheyn h, EEE0 LA, B AL

Pr ocessodsvisatihbeilluged By tht ligerefoe exampls, f seading vt eeptoagrenbionsérushes, by way

of exanpl e, both general and special purpo m cropyrocessors, and any one
or nore BFBESSSHdEVEE I FRPPRISEAC @Hu%ﬁtb’ieP%Wecigﬂ*ﬁ‘Jﬁ%Web E%Wé*’%ll ly, a processor

\z,im-c L las 2 eﬁg Im\;(ra i\mfertﬂﬁtsbé’c{?%cﬂi%ﬁ cHibis %{aﬂy‘sﬁ%criﬁ@ﬁl%@%éfnt%fpﬂéfai%[ thRsd RERM
y or both. e essential efenhents a

not be construed as limitations on the scope of any inventions or of what may be claimed, but

20 rather as descriptions of features specific to particular embodiments of particular inventions.
Certain features that are described in this specification in the context of separate
embodiments can also be implemented in combination in a single embodiment. Conversely,
various features that are described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any suitable subcombination.

25 Moreover, although features may be described above as acting in certain combinations and
even initially claimed as such, one or more features from a claimed combination can in some
cases be excised from the combination, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in a particular order, this

30 should not be understood as requiring that such operations be performed in the particular

order shown or in sequential order, or that all illustrated operations be performed, to achieve
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25conmput er are a processor for performng actions in accordance with
instructions and one or nore nenory devices for storing instructions and
data. Gernwoabiyoov@4conmputer will also include, or be opecatise@hp43oapl ed to
receive data fromor transfer data to, or both, one or nore nmass storage

devi ces for tor| ata, .e. net i net.0- 0 cal di sks._.or optical
di sks. Ttg ﬂbfﬁr@}n ﬂ%@@sﬁﬁ?whg\?@h%ﬁ}f& %g\ﬂa(r:aglg PIRSEG &0y BF conput er
can be 39&%&@9&@ IMordb@irNBE sERVitea of ®aous sgstembjoh@oh@h@mhﬁaembadlﬁﬁhﬁsonal
digital assistant (PDA), a nobile audio or video player, a ganme console, or
a por t abflescgbest ahgae g]@qﬂl@- aot(e updersgod gp {esjuizilg Speh separation in all embodiments,

2012/ 009 I I ane just a
few Devf I%Cfef%éﬂlﬂ?ggﬁ&&?ég@é@a?ﬁg dé’ﬁg (r)llB&?P Ifogi%%% %&lr@ﬁﬁ?%s %Sft?r}é%%ﬁand dat a

i nclsude aéderdlBrEinRErat@oyehatih bemgmrmfmarm@dact@m@amgw ntctaultipis,

i ncl udi ng by way of exanple sem conductor nenory devices, e.g., EPROM
EEPROM &0ftvare REHURSnory devi ces; nagnetic disks, e.g., internal hard disks
or removable §js ﬁ%w{ifﬁgé'ﬁﬁ&ﬁ%ﬂs%ﬂhe%ﬁ S mAnd i Mﬂd@g@lb@y%ﬁw di sks.
The processor and e nenory can be su enent e or incorporated in,
speci al pubpdisentsags wnhmrthusdopy of the follovag plaoas. dhl foore damsethaatiion reditd a

user, enbodi nents of the_ sub ect r desc ed.in this peC|f| ation can
be i npl etfe f’é g cah RepRsiprae H’a%/?h%re BIE LT t@ef\?P%e d‘ésnﬁb 8suéﬁTttcat hode

ray;ot ube)q@fioh @ $robudsheploysitia khedac%&hgm}ylﬁg)ﬂgar@g do ﬁ&rne@léswh@yéqwe the

information to the 10user and a keyboard and a pointing device, e.g., a
nmouse or patitulacéddert $howny ondeiquénticherders & aquepip@mbb@resuﬁsutln eertaihe corrput er.

O her klnd of dev |ces an be sed t ]prov1de f |n§ raction with a user
as well; @ngg%t& e IUfas Wﬁa\ﬂeg%ﬁ C?SSmtgﬁ%ayusel?se 3n be any form of
sensory f eedback, e.g., V|sual f eedback, auditory feedback, or tactile

f eedback; and input fromthe user can be received in any forn1 i ncl udi ng
acoustic, speech, or tactile input. In addition, a 15conputer can interact
with a user by sending docunents to and receiving docunments from a device
that is used by the user; for exanple, by sending web pages to a web
browser on a user's client device in response to requests received fromthe
web browser. Wil e this specification contains many specific

i npl ementation details, these should not be construed as limtations on the
scope of any inventions or of what may be cl ai med, but 20rather as
descriptions of features specific to particular enbodi nents of particul ar
inventions. Certain features that are described in this specification in

t he context of separate enbodi nents can al so be inplenented in conbination
in a single enbodi nent. Conversely,
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various features that are described in the context of a single enbodi nent
can also be inplenented in nultiple enbodi nents separately or in any

sui t abl e wWoleob4vat i on. 25Mor eover, al t hough feat ures may/useoidoasivsé bed
above as acting in certain conbinations and even initially clainmed as such,
one or nore features froma clainmed conbinati on can in sone cases be

exci sed fromthe conbination, and tth%IIgigred conbi nati on may be directed
to a subconbi nation or variation of conbi nat i on.
Simlarly, while operations are depicted in the drawings in a particul ar

order, t@'zﬁagigsd]%gd%ot be understood as requiring that such operations be

performe ‘ul ar order shown or in sequential order, or that all
illustrated operati,on

s. b rforned,,to achi.eve VWO . .
201%] 009404PCH US20TERbSBEETIRGTS aiflol P BSOS PR Re FPar g MBS Hices,
mul tit a?héﬁﬂ% ARAnPH@Ehicthcd) HPRES Dho adBlind) &t 185k BAE RRRHEer MWRpRAETh botihe
separation of various system conponents in the enbodi nents described above

shoul d nthe fymt andimterfaso dndis firs dasatipman siletst sepak the itroee linpsadnd aiepuénent s,
and it should, be understood that, the.descr] r S and
Cyst oms: Caine R ARt B G e GRE E i GO LA SURBRRIE

grated toget I'nasrngre s re product

or packaged i pécessidd 4 biph® a tHetfal endinegfact sf the sensor;Thus, particul ar
enbodi nents of the subject matter have been described, O her enbodi ments

arel0wi t hi n t hBarsgpnedhe peressed pigaal iy diedrapgmities ta tgdirgtdecadion pp et lasti ons
recited | i i . di . i

oni eve He 0 il RERIERRTRC BORE bS] S0 B QT I |
acconpaniythdife @ueggondmgrto thenfselesaianl ty wheduthe ecdebeed pipntl is tlaasmidteder shown,

or sequent 1l order, i RuSSleYe SESLCANS Fesilize MASSTLA R e v
2012/ 009@&%@&%%6%%3&10%m¥%\é@ #he bBtHe!sBhdoBAhd Scessed and transmitted
15 signal;
accessing a distance between the first location of transmitter and the second location
of receiver along the trace line used to transmit the accessed signal;
determining, based on the accessed distance, a transformation that the transmitted
signal is expected to experience based on the transmission as a function of the distance
20 between the first and second locations;
generating an expected correlation signal based on the determined transformation;
receiving the expected correlation signal at the receiver of the sensor;
based on the expected correlation signal received, identifying information that can be
used to at least partially compensate for the transformation that the transmitted signal is
25 expected to experience based on the transmission; and
compensating, by applying the expected correlation signal received, for least part of
the transformation that the transmitted signal is expected to experience based on the

transmission,

30 2. The method of claim 1, wherein the expected correlation signal corresponds to

correlation information corresponding to an analog signal.
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51. A nethod performed by a data processing apparatus associated with a
sensor having a front end interface, at |east one trace line, at |east one
transm t two 20upbed with both the front end interface amdTaSRémsy3ImBecati on
on at |east one of the trace lines, and a receiver coupled with a second

| ocation on at least the one trace line, the nethod conprising: accessing a
signal at the front end interface of the sensor; 10transmtting the
accessed signal from higodloRRTh L fheletn thb@xﬁdcfeﬂtcof@ﬁﬁbﬂl gigndltodtsgoaasto one
of the trace lines of the sensor to pronote transnission of the accessed

si gnal aMuﬁémnhenﬁnaeeoncmemp@ﬁhmgbdﬁﬁﬁﬁémﬁo the first location to which
the accessed signal is transmtted, receiving, at the receiver of the
sensor and fromthe trace line through the receiver coupled with the second
| ocgtion of the tra@Benlettidd odtlaihea, sashr the tlassfageADa eOmariststa haseshif.ed

15si gnal ; accessing a distance between the first l[ocation of
transmtter and the second | ocation of receiver along the trace |line used
to transmt the ac [ d %%%g d

di stance, a t?ansfg?%é%ﬁgﬁi?E%fnﬁhghﬁ%gﬁgﬁpgnﬁ? ana%%%ggﬁﬁﬁggggpected to
experi enggenbag@d on the transm ssion as a function of the distance

20bet ween the first and second | ocations; generating an expected

correl ation signal based on the determ ned transformation; receiving the
expgcted corrglati gfe ﬁie%ﬁlof laithNewhees me Era@foﬁﬁ&ﬁmﬁ%@ﬁ@hses@qﬁ%% BReritpe
expected correl ation signal received, identifying information that can be
used to effedteast partially conpensate for the transformation that the
transmtted signal is 25expected to experience based on the transm ssion;
and conpensati ng, by applying the expected correlation signal

recei ved, for 7l eastrhpafethodfofthentll anskar B tratfoinaiontcbptikananitthegiosi gnal
i's expected to experience based on the transm ssion. 302. The net hod of

cl ai m 1, anhedepyn the expected correl ation signal corresponds to

15

8. The method of claim 1, wherein the transformation is applied to a sinusoidal

waveform for the expected correlation signal.

9. The method of claim 1, wherein the transformation is applied to a non-

20 sinusoidal waveform for the expected correlation signal.

10.  The method of claim 1, wherein the compensating comprises: |
computing a product of a waveform of the received transmitted signal agair\lst a
waveform of the expected correlation signal over an integration period;
25 computing an integral of the product;

the method further comprising providing the computation at an output of the receiver.
11.  The method of claim 1, wherein the sensor comprises trace lines in a matrix

configuration, and

30 the method further comprising:
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correlation information corresponding to an anal og signal. WO

2012/ 009494PCT/ US2011/ 043936 3. The nethod of claim1l, wherein the expected
correl at iwo 20i¢mead94corresponds to correl ation i nfornati @0TAS21@SEREI Ng t O
digital data. 54.The nmethod of claim 1, wherein the transformation

conprises a phase.shift. 5 The nethod of cl.aim wherein the.

transf or mat | oﬁmﬁ%mghtb? Ere%ﬁm@gg Ogﬂlesff?eé\ﬁ é‘fﬁng)]ﬁlﬁtef%%n‘?ﬁ%s ar@flﬁtbod’ A aim 1,
wher ei N §R@ntd BANEST 118 tiaf¥i@eNIHd the Fecdivet MEBE nfatrlx @hifiggraibfiect . 7. The

met hod of claim 1, wherein the transformati on conprises an attenuation and

a delay. 15 8. The method of claim1l1l, wherein the transformation is

applied to a $inusegidal vef I oy i .

o "The met hod 5 otk et (E Pl ndeb RAGL e ERREERBLPBAIE - o,
20s Ih n 3 S O?ﬁdélin/gaatﬂiéa@f tite bas tradedireapdatiad aclstriehted iesistantgmal capacitance d10ng The

met hod of claim1l, wherein the conpensating conprises: conputing a
product B distapes betyasn dhe kinsbandseenddacalioansmi t t ed si gnal agai nst a wavef or m
of the expected correl ation signal over an integration period;

13.  The method of claim 11, wherein determining the transformation that the
transmitted signal is expected to experience comprises:

measuring a set of transformations along the distance between the first and second
locations; and

selecting one of the transformations in the set of transformations that approximates

the transformation that the transmitted signal is expected to experience.

14.  The method of claim 13, wherein the transformation comprises a phase shift,

and the set of transformations comprises a set of phase shifts.

15.  The method of claim 11, wherein the transformation comprises a phase shift,
wherein determining the transformation that the transmitted signal is expected to experience
comprises:

measuring a respective phase shift along respective locations along at least the one
trace line;

selecting one of the measured phase shifts based on matching the distance relating to
one of the measured phase shifts with the distance between the first and second Jocations;
and |

assigning the selected measured phase shift as the phase shift that the transmitted

signal is expected to experience.
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25computing an integral of the product; the method further conprising

provi ding the conputation at an output of the receiver. 11. The
met hod ofwol2aizamod494wher ei n t he sensor conprises trace | POEAS2O11M43986 i X
configuration, and 30the nethod further conprising: nodel i ng the

gurat i on, ar ethod further comprising: = modeli
o <t ance bet wkén « R TERG Euh ARk P RuRiEinefin Bpbbiig pfat sl

conf i gur ghe@h determining Zhe tFiSformbii@tkthef the krahdmilidd sigharieéxpetteded exj@rithe
transformation conprising nodeling at | east the one trace Iine as having a

di st ri but@aplisesi st ance and capacitance al ong the di stance between the first

and second | o | Ons. . el - chal rel rmning
t he transforn%%%%ﬁggﬁg?qFﬁgmﬁggﬁéﬂgqEE%Eg%ﬁﬁgpgH@hgé%%%?@gggghgggg%?ence
conpri seface line; nMeasuring a set of transformations along the distance

bet ween the first and second | .ocations; an sel ecting one, of, the

t ransf or mat i oW&liZipg {ipgar dderpplation ghbe gfﬁ%ﬁirf*‘gﬁ]%as? ﬁ]él?ts I prsrmatedhe phase

t ransfor i 1e. £ & i i o Lence.

L e T e D I e e B B B R s
shift, aredeivbgasét of transformations conprises a set of phase shifts.

15. The nmethod of .claim 11, erein.the transfo o) onpr. ses. a .phase
shift, wherei ?F’Slfélfrégrtﬁ? H}t?f@(’]laﬁg p&‘?%?r?é’f%?%@? ipg?lgetshgﬁ)tah@e ?ff‘gﬁbﬁ%lﬁﬁ?ﬁéaalé? gnal
i's expectefcla &¥RRELRRCE conprises: measuring a respective phase
shift al ong respective |ocations along at | east the one trace |ine;

sel ecting one of the neasured phase shifts based on matching the distance
relating to oh® of Thhmethediekim phawbersinithe ganglormatine comptispi debpwtsilen t he

first and,second | ocat i : : i gni. o - : hase
51 00RO bSEAL Vi i 8 L ) S i
experi ene@npridd® 2012/ 009494PCT/ US2011/ 043936
P
correlating against an in-phase version and a quadrature-phase version of a waveform
of the transmitted signal; and
computing the phase shift that the transmitted signal is expected to experience by

computing a function of an arctangent of the in-phase and quadrature-phase waveforms.

18.  The method of claim 1, wherein the sensor comprises trace lines in a matrix
coﬁﬁguration, and wherein the transmitting further comprises driving the sensor with the
transmitted signal at two edges of the matrix to reduce a resistance-capacitance time constant
by two when compared to a time constant derived from driving the sensor with the

transmitted signal at one edge.

19. The method of claim 1, wherein the sensor comprises trace lines in a matrix
configuration, and wherein the transmitting further comprises driving the sensor with the
transmitted signal at multiple edges of the matrix to reduce a resistance-capacitance time
constant when compared to a time constant derived from driving the sensor with the

transmitted signal at one edge.
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16. The nmethod of claim 11, wherein the transformati on conprises a phase
shift, wherein determning the transformation that the transmtted signal
i S expectwo 20r/®49eri ence conpri ses: nmeasuri ng a r eSpastine4Pbase
shift al ong respective |ocations along at | east the one trace |ine;

utilizing lingar interpgolagtion. of .the neasured ase. shifts.to approxi mate
t he phase shi f(? th %‘e Flﬁgloarogﬁ@}ﬁltlg ’e‘ﬁﬁesf?laﬁaﬂunfeb r g{j’ﬁlg&pzedec{ggs _xfg%fr ?‘glﬁrceén at
the secopd rtpaalceQApaitahfteihEEQIsHRL is réfied by fodSie@RbAatedeo ittanpol at ed
phase shift as the phase shift that the transmtted signal is expected to

exper i enemstant derived fronTHeving theggnst vathahedransmifipdwayHothat ane£d&¢.or nat i on
conpri ses a phase shift, wherein determning the transformation that the

transmtted shpnal o8, SHRAGHERih S, gﬁgrg{n;t;q@g&s&gm i€ trace lines RHrcakEL 1 N

agai nst an i n-phase version an ure- phase version of a waveform of
t he trang@irtxt @afigi@tiah withrdws and calompg) tvteeeih belep asetrade litte ih balkeadtloee of
transmtted signal is expected to expfrie ce by co utihr%g a uncﬁai n of an
ar ct angetie Tows Pha 19ast pireaalehe cRIUNS B SR LPOM S¥Q trig Fes i are about ' The
met hod Ofengéhadf%elo %ﬁ%@%@,& eif SSPit GO UleSBRnd 4 BRE sdciBRSF {He tAcBhE i X
configuratron, an erein the transmtting further conprises driving the
sensor wedrtespreling tnsfiist patoSthe pEllt tate tinparsbysesond sectien afthe itce ine educe a

resi stance-ca itance ti constant.. by t when .conpared to a ti

const ant cc&wp@‘@gng tod ?ﬁ“ioggﬁﬂg f’ﬁ%‘%@r‘u@éﬁe Wﬁﬁ“ﬁﬁ@e{‘ggﬁ&ﬁlsﬁn@ﬁ chﬁﬁ?ceat one
edge.  time codistant P6r TBEPDE 8t of k@lofl 3plitWhRE Bhek i BFuREiDs OF 2 CHFE bf3BS fifst ace
lines in a matrix configuration, and wherein the transmtting further

conpr i sesr stcond tapetlings.sensor with the transmitted signal at nultiple edges
of the matrix to reduce a resistance-capacitance tinme constant when

conpared to a,4ine t Lye LV he
Cranom tted sPgnal Tht nengoeagaih AT SRR RS SRR R AR 5
The net hgghsef claim 19, wherein a nunber of nultiple edges is four, wherein
t he resi stance-capacitance tinme constant is reduced by four when conpared

to the tinme constant derived fromdriving the sensor with the transmtted
wavef orm at ofe ed@eystem compSBIngTne met hod of claim 1, wherein the sensor

conpri ses tra&@edsbf‘&ﬁneﬂr%ﬁ@d ina mtrix configuration with rows and
colums, wherein at ast one trace line in at |east one of the rows or at

| east one of the ceolfionhendiistesfptd;t to formtwo trace lines that are about
half a | ength of tE@ one t it trace line forns a
it

ace. | i.ne, rein the I
first section of tRE#Re 11“?%@%‘8??’83 3?\@9?‘@10{1&1@%1’3%@9 lockipn gy E}eﬁéacgpl
trage line angy,@ second section of the trace line corresponding to the
second part of the split trace |ine, and wherein a resistance-capacjtance
time constant for eileaseone Wenshiitertconpled adbriwtisheiftont prtiatarfaaeand deirst
function of ak)lcgtri]gr;[ cbn gtfleésp ce)'\n&lc of tlslé[: e 1?11%8;035!1(3 trace |ines.
a receiver coupled with the second location on at least the one trace line;
wherein the system is configured to:
10 access a signal at the front end interface of the sensor;
transmit the accessed signal from the transmitter to the first location on at
least one of the trace lines of the sensor to promote transmission of the accessed
signal along the trace line corresponding to the first location to which the accessed
signal is transmitted;

15 receive, at the receiver of the sensor and from the trace line through the
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22. The nethod of claim 1, wherein the sensor conprises a capacitive touch

sensor. 23. A system conprising: a sensor conprising: a front end
i nt erf acewp 2at2/doeedt one trace |ine having a first | ocatrcomsand/oasssecond
| ocation on the trace 5line; at least one transmtter coupled with

both the front end interface.and the fjlrst.location at |l east ane of the
trace |ines; &gV ercoup dr"@@bﬁh\elé?coeggopclajg‘&n %*‘ﬁ%taﬁeeﬁ%ee%g}rll%sﬁng%ra °d} nceosﬁe%at

| east the onegld @GRnliftddesigianer ein the systemis configured to: 1l0access a
signal at the front end interface of the sensor; transmt the accessed
signal from the trasssshadistengedetwieenithe Sist jasetien efiransmifter padithe seeridof t he
trace lines o h nsor .t r r 1 Ssion. essed signal

al ong the trace ﬁloﬁlnéerg%s)e?\ﬁésa %(I)1 é?ér%é%%éﬁ}eﬁlgéﬂoﬁgapgﬁgg% %clggsstg(g&gg?th t he
accgssed signal i sdétermiadlibatedcin the haesied distaice tdeanstemitied thaf thehe sensor
and fromthe trace line through the W) 2012/009494PCT/ US2011/ 043936

recei ver coupltamitedhsignd isapseiad [oemeriense desadia the Farsniipsion aya fRetiddfsor
t he accessed : i 'lgg&!; s a di stance between the
first locati oﬁl@?fgt%@g%g?rﬁe{eﬁg}esgn tdﬁgcosngclgn F%cati on of receiver along the
trace |ine used togémeeatsan txpebied aorelssadsignag based dhdbe deteinised based on t he
accessed distance, a transformation that the transmtted signal is expected
to experience™HESEPAPAL he transnission as a function of the distance

betiyeen the first augyeactxdedt @&t signal at the receiver of the sensor;

based on the expected correlation signal received, identify information that

can be used to at least partially compensate for the transformation that the transmitted
signal is expected to experience based on the transmission; and
compensate, by applying the expected correlation signal received, for least
15 part of the transformation that the transmitted signal is expected to experience based

on the transmission.

24,  The system of claim 23, wherein the expected correlation signal corresponds

to correlation information corresponding to an analog signal.

20
25.  The system of claim 23, wherein the expected correlation signal corresponds
to correlation information corresponding to digital data.
26.  The system of claim 23, wherein the transformation comprises a phase shift.
25
27.  The system of claim 26, wherein the transformation further comprises
attenuation.
28.  The system of claim 23, wherein the transformation comprises a linear

30 filtering effect.
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generate an expected correl ation signal based on the determ ned
transformati on; 10receive the expected correl ation signal at the receiver
of the sewe®a@n12/009494 based on the expected correl ati on sipgmalS20ieneised,
identify information that can be used to at |east partially conpensate for

t he transfor ion_that the transmtted signal_.is expecited (o experience
based on t hen?é-ans’ﬁ#%@ism O%ﬁt’{ﬁm 23 wheren a‘%ﬁ?ﬁ%’ﬁ%‘% ‘E?m %e ﬁ'ﬁ%ﬂ/?‘ﬁﬁpr{sﬁ%
expect ed, CfdnGh@id 8 Sdgal received, for least 15part of the
transformation that the transmtted signal is expected to experience based

on the transm ssion. 24. The system of claim 23, wherein the expected

an analog i gl - bk weERPOGdn By Sk P et S0 TBM AR PRI RS oxpect ed
cor gel at i fsrhifioh i&%ﬁ@&ﬂpﬁﬁﬁus‘omw%{lﬁbﬁﬁ f&hd efpREwBLLOEaGE diggpondi ng to
di gital data. . The system of claim 23, wherein the transfornmation

conpri ses a phase shift. 25 27. The system of claim 26, wherein the

Lransf or mat i opy fur ghet, COMBE(SES AU Duten is copfitsed Tigh Sehem of cl aim

23, wherein t tr I On corprises a tinear ering effect. WO

2012/ 0094 96RSh{aticR QslabpAdd B3bnon-sinusoid® watdferrs Yatteeregfecet abirelaBon siperlei n t he
transformation in the system conprises an attenuation and a del ay.

10 32.  The system of claim 23, wherein the system is configured such that the
compensating comprises:
computing a product of a waveform of the received transmitted signal against a
waveform of the expected correlation signal over an integration period,
computing an integral of the product; and

15 the system is configured for providing the computation at an output of the receiver.

33.  The system of claim 23, wherein the sensor comprises trace lines in a matrix
configuration, and
the system is configured for modeling the transformation of the received transmitted
20 signal as a function of the distance between the transmitter and the receiver in the matrix

configuration.

34,  The system of claim 23, wherein modeling the transformation in the system
comprises modeling at least the one trace line as having a distributed resistance and

capacitance along the distance between the first and second locations.
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30. The system of claim 23, wherein the systemis configured such that the
Stransformation is applied to a sinusoidal waveform for the expected

corr el at IO 201209494 31. The system of claim 23, WwRAEUS2LLOMWIGCYStem
is configured such that the transformation is applied to a non-sinusoi dal

wavef orm f or e expected correlatiqn signal. 1032. The system of. cl aj m 23,
wherein the ségt erri ﬁ%syéﬁetﬁ‘?P clrigy J@Wretlﬂg}e Styﬁtémclﬁ ?%15?(%/%68@8%?1}“@3 ¢
conput i NgaRfRLAHYE thad thearahayaicarsinaf istRfedt@cBiexpdidnt@ppm t ted signal
agai nst a waveform of the expected correlation signal over an integration

peri od; conputmieagyriag aisat efgraablophatidns apmgdhe distanerdbetBednethe fisst end pegond
confi gured f.or,%{dovi ding the conputation at an output of the receiver.
33. The &9@?% claim 23, wherein the sensor conprises trace lines in a

matrix confi giyl@kingdne 8Nthe transformatidnB & Sy StedNtiagsfoandtidgy tied apoxiredsl i ng
the transformation of the received transmtted 20signal as a function of
the di st hedenpermetin thafdhe rapsenited denal pexpreted Ex@IPFESNGEN the matri x

configuration. 34. The system of claim 23, wherein nodeling the

transfor mat i oge! N ARESRYA SFUGAITS RSN BRAAk00hidiPaRlp e, g Lhice 1 ne
as having a distribut resi st ancé ande capaci tance a ongpthe I stance
bet ween amktht isetstf tandomspammd cbmpades arsst of phEse2Mif®y. 009494 PCT/ US2011/ 043936

35. The system of claim 23, wherein the systemis configured for

determning t trapsformatjgn that the transmtted signal is gxpected to
experi ence by?% ?ﬁwasgqm P#faalép _tW}%?fel?%}??fE% FRET Bhe™: ft?ﬁﬁa?ﬁaégaﬁ ance
bet ween {Agrefld the by iS&mPIB e T6dt@ASHin@ B transfor®eli @Cthhi@e @asnitted he
transformations inh the set of transformations that approxi mates the

t r ansf or stghdlanexeated thexperignesriivt t ed signal is expected to experience.

measuring a respective phase shift along respective locations along at least the one
trace line;

selecting one of the measured phase shifts based on matching the distance relating to
one of the measured phase shifts with the distance between the first and second locations;
and |

assigning the selected measured phase shift as the phase shift that the transmitted

signal is expected to experience.

38.  The system of claim 23, wherein the transformation comprises a phase shift,
wherein the system is configured for determining the transformation that the transmitted

signal is expected to experience by:

measuring a respective phase shift along respective locations along at least the one
trace line;

utilizing linear interpolation of the measured phase shifts to approximate the phase
shift that the transmitted signal is expected to experience at the second location at the
receiver; and

assigning the interpolated phase shift as the phase shift that the transmitted signal is

expected to experience.
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36. The system of claim 35, wherein the transformation conprises a phase
shift, and the set of transformations conprises a set of phase shifts.

37. The swyetermmwd49¢l ai m 23, wherein the transformati on eoFprsees4m3phase
shift, wherein the systemis configured for determ ning the transformation

that the transmtt signal .i.s. expected t0 experience by:. measuring a
respective phzg]e sﬁgef fysgqnbﬂgl?l&%ﬁé’%e%n# é%ﬁ“gﬁﬁgatéqlb??&}/@{se? %Blgﬁsegﬁgt’ one
trace |iQferein the s & ddnGioARE & dekdimiMBA R RMRBASForSRAT the rRRSEHeON

mat chi ng the di stance rel afgl ng to one of the measured phase shifts with the
di st ancesipetlweeipettae td expstiernedysecond | ocati ons; and assi gni ng the

sel ected measurei Phase. sthi f.t_?)s th(; igrpas ashi fra'{t rt?@t t\besitrgpsw téfgg
signal is exp%cgfeq}qgoagg%eqqlgrp SC VEISION afya Y48 %)‘7 &P of el ai 25 “Wher ei n
t he trangf@e f@hipited R4t &@5 a phase shift, wherein the systemis
configured for determning the transformation that the transmtted signal

i s expected termapmgithnphaspyhilt that thewepsmittedsignal isxpedipd/io gyRadEIcE BTt al ong
o e e SV
| roar i S BERA R0 A Rl AR (O A8 AR phave warliihist D

shift that the transmtted signal is expected to experience at the second
| ocation at t#@ rethé watem afdaim 23, vdesdig thiersgndon eomptisss prakatindg iphasarishi f t

as the phase shift that the transmtted signal is expected t xperi ence.
WO 2012/ OB ESIADER A I0Rer9i Apatem 1s con .fecgﬂis\iéfgfétt@ﬁ%lﬁm&%% ﬁi@? wher ei n

the tr ané&@éﬁ%& bHAPing WPLh SR Sith BB ABRsrid Signihe 8d Qd%e’é‘ 8f BXShAAX tSreduce
configured Tor determning the transformation that the transmtted signal

i s expect edistancexgmcitamedinyconstant by twor whdnstonngrelgaiarigne eansiant ¢ggitvsé ver si on
and a quadrat ur e- phase ver si.on_of veform of the transmtted signal; and
conput i nﬁo'inﬁitéw @SS%WPW“ ﬁléettrqrﬁgl%f%ﬁggh%‘}#ﬁoéﬁ dfYnal is expected to

experience by conputing a function of an arctangent of the in-phase and

quadr at ur e- phape WENEEREAE of claim 32, 4herclh theSehioe Bo@prisdsatate Bides inmhenaiin t he
sensor conprises trace lines in a matrix configuration, and wherein the
syst em i eondignratigns ad wheseinthagystepelscpaligired suchghat tha asmiERp (i8S dri vi ng
the sens 3 . 1Lt i . ] trlo% reduce
a res ot Saiiel il bR B SRR B sl FRAERIELAI N EIRLRAAS

const ant redecd ¥ edisfahosrcapacitimg tinteeconstamstorhan dompated to namsnddnstedt &iriyadl at one

edge. 41. The system of claim 32, wherein the sensor conprises trace
lines i nframiivingthe sesepuithdhoransmiged sl rtrnesdesystem i s configured such
that the transmtting further conprises driving the sensor with the

transm tted signal TRE yBnt bPdISinEAYSoheRfin b RBITBE 61l Rultifle AGLECR féur, wherein
resi stance-capacitance€ tine const ant when conpar ed to a tinme constant

derived fheoesistanosicagaditaecestéms oonstant 5 redused ba dieuri wheadogipgredito dte tone edge.
42. Th f claim4l i | tipl d is f ,
wher et n fHBtbUhed el e MBI B TN B bRk S ur hen

conpared to the tine constant derived fromdriving the sensor with the
transmtted wayef oThe afstcdnef @6ige23, wherein the sensor comprises trace lines formed in a

matrix configuration with rows and columns, wherein at least one trace line in at least one of
the rows or at least one of the columns is split to form two trace lines that are about half a
length of the one trace line, wherein the split trace line forms a first section of the trace line
corresponding to a first part of the split trace line and a second section of the trace line
corresponding to the second part of the split trace line, and wherein a resistance-capacitance
time constant for either the first or second split trace lines is a function of a length of the first

or second trace lines.
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43. The system of claim 23, wherein the sensor conprises trace |lines forned
ina mtrix configuration with rows and colums, wherein at | east one trace
line in awolzemstose®ae of the rows or at | east one of thePcolusengd/ou®3cplit to
formtw trace lines that are about half a |length of the one trace |ine,

wherein the split ace |ling f.or fi.rst section of the trace |ine
correspondi ngmf'o aﬂ“? f‘yssfenbgf‘flalg* E%H@egeﬁ??}e EPREETPHES an P%{”@%e?%" section
of the tgmee.line corresponding to the second part of the split trace line,
and wherein a resistance-capacitance tinme constant for either the first or
second split trace lines is.a function of a length of the first or second

trace |ines. 4%@ S0 0QUROSINLT/ US2011/ 043936 44. The systemof claim
23, wherein the, sensQi&REPri ses a capacitive touch sensor, 45. A
system conprising: a JERS 6t conprising: a front end interface; at |east one

trace |ine having afibhraid iheefatd;on and a second | ocation on the trace

5l i ne; at | east one trangmtter cqupled wth both Eihe f.ront end
interface and the #ilpast opoiiageilen hannge firadesatigand e seqpad docgtian pp figdracg ng

a rgceiver cojjpl.ed with the second | ocation on at |east the one trace |ine,
means for accessing a signal at the front end interface of the sensor;
10means for transmittledshgne hiensadicersoupled mgthaiotlf the dtonhend intenigas andethe figstt he
first location on at | asL on f.the.trace lines of the sensor to pronote
transni ssi on atl‘%’eo%%tieé@ %P‘?Htg%%{?“j}%ﬁga he trace line corresponding to

the first |ocationateidt Edupldaavi@teese®dIo@sh oh st lehfisdddetirde line;
means for receiving, at the receiver of the sensor and fromthe trace |ine

t hrough the 18 veqeegsig} ganakiat etftoat exkiptrafaroebthr 6#nser the trace |ine
of 1 he sensor met rpsefo9 &%rg Siﬁgl%qg%aeéc%s%gé ?ﬂg{ﬁéﬁqu[rg 't}%qgm:n.slgﬂtter 1o HE MG 150%@0? pY

accessi ng a di'stance wee I'rs ocatl on ransmtter an
second | gdadst o Offthe Ga&d Miess ofitiRNgndof e prioadee ramdaissi@btthe ddcagsdbignilne

accessed signal; ) . . . , .
along the trace line corresponding to the first location to which the accessed signal is
transmitted;
means for receiving, at the receiver of the sensor and from the trace line through the
15 receiver coupled with the second location of the trace line of the sensor, the accessed and
transmitted signal,
means for accessing a distance between the first location of transmitter and the
second location of receiver along the trace line used to transmit the accessed signal;
means for determining, based on the accessed distance, a transformation that the
20 transmitted signal is expected to experience based on the transmission as a function of the
distance between the first and second locations;
means for generating an expected correlation signal based on the determined
transformation,;
means for receiving the expected correlation signal at the receiver of the sensor;
25 based on the expected correlation signal received, means for identifying information

that can be used to at least partially compensate for the transformation that the transmitted

signal is expected to experience based on the transmission; and
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means for determ ning, based on the accessed distance, a transformation
that the 20transmtted signal is expected to experience based on the

t ransm ssworrososdsiunct i on of the di stance between the Prrats2@and4®seond

| ocati ons; means for generating ®n expected correl ati on signal based

on the determ ned transformatipon; ans for receiving the expect

correl ati on sig#& ftoﬁfor??\eéls?t&gegxé?pqglfﬂg?Wee)@gﬁg‘if’?rrezl %é%f‘agﬁe%FWS(ig?bect ed
correl at jeg8 pait P dle FBLRIYEGon HBAMS thNmitte@BichAIé BebebiRfl @5 BBekieicettisdd san be
used to at least partially conpensate for the transformation that the

t ransmi t thedragsmgissibni s expected to experience based on the transmission; and
WO 2012/ 009494PCT/ US2011/ 043936 51 means for conpensating, by applying
t he expected correlation signal received, for |east part of the
transformation that the transmtted signal is expected to experience based
on the transm ssion.
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