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This specification describes technologies generally relating to touch sensors

employing DSP techniques for enhancing SNR.

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

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

25 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, and receiving, at the receiver

of the sensor and from the trace line through the receiver coupled with the second location of
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computation at an output of the receiver. The sensor can have trace lines in a matrix

configuration. The method can include modeling the transformation of the received
transmitted signal as a function of the distance between the transmitter and the receiver in the
25 matrix configuration. The method can involve modeling the transformation by modeling at
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
30 of the transformations in the set of transformations that approximates the transformation that

the transmitted signal is expected to experience, for which the transformation can include a
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phase shift, and the set of transformations conprises a set of phase
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2012/ 009%‘%?5%(&%? t Oels]éélgoﬁ%%t 7’the 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
25 compared to the time constant derived from driving the sensor with the transmitted waveform
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
30 split trace line and a second section of the trace line corresponding to the second part of the

split trace line. A resistance-capacitance time constant for either the first or second split trace
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lines can be a function of a length of the first or second trace lines. The
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i nvol ve pgfifohP e e dibs R ifBilde! dtlapAdiftee toWBEisor. 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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2012/ 009%?@18&3_&‘1-@2&3 M@Gg&ﬁ?excitaﬁon waveforms by identifying the noise from the highest
noise source in the noise spectrum over a time frame, and adaptively determining the
orthogonal excitation waveforms by using the noise associated with the highest noise source
that is continuously identified in the noise specttum. 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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pattern includes a frame, and where the fra onprises n nunber  of
B0s8bf 1 arfeese af Bie QR A2 & G PerpRcbase cariie s LRBAIRAR RFeSafs g

110, BT €10 o SRR 0 (st co
2012/ 0094atPAT fluS26kh! BatBUSM. 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 touch 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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capacitance froma row to a colum, using the detection of the areas of the
sensor that experienced the change in the capacitance to inform sel ection
of a subsw0 20f2z/mei9amMms upon which to focus a second andPsuhseguani3tcan,
and scanni ng the subset of colums selected for the second and subsequent
scan. The sc nniqg of th% subfet of. Cﬁlu s..can t’nvolvef detern.ning a

ST gnal | GORICIARGE o aiaY Tp & saRii poipg Bedsles ot SL0 5ok 6 BeseRel Hihg

si gnal -t @xpdiine&d thalcheheas etk APadifaBesSlodRRdimsedeliontstth uBset BOLSBmNS USdn
determ ned for the second scan and relating to the areas of the sensor that

had t he otusiye fopussairaend anbwbscenfscam dnd seraning rowibas f soleams selested
optional Iy include _one .or f fol | ow £1 scan
can incIJ%%%ﬁé?anﬁﬁgﬁgmgmgggﬁg ‘F%ggﬁngﬁ'Qﬁ“%%ﬁéggFgégﬁﬁ?gpgﬁ%%ﬁﬁgfirst

scans anWegehafing NbigGaldel gidh ndige ROEISer thatseeondasat and détbeniaingnadigdabuel and
t he noi se | evel determ ned for the fijirst scan. The,ngtho can involvg
Hi§

r ecei vi nglosiedifi Basedpn theesignat sivelang acpifrlevd dermingd ferde peront Agnan
combi ned & 812l 02l Pt 3lsBr fBffad fic DARET {AhBe i gnal -to-noise

rati os associate Irst or second-scans by averaging the signals
t hat are receifest dmfothdrenttiodihemnchnsacioopticatn mclieene al merobdf thecan be

equal to 4, for exanple. The 15frame, can be confi gur to be at, 0 30
o and ¢ HalQUBRSHISEC M BB s o e SR mog B R o R helecloeiiPer n

canyd ncl ygendpsGal éiﬂi"lﬁaté?&'inilfl‘gz a@fgnalq@-rﬂ)is%%m%e@%ﬁ IR R Bl Al tBd B8iSY Of
t he sensor can be about 120Hz. The row to the col unmm capacitance can

i nvol ve devel detgimiged &pdled fimhsoen. The gethedaian invebitereeeivispsignals fortthe fissgbidct

matter described in i.s specificatiqn. can be.20e di ed.in t hpds t hat
el ude chedEned Girdpifing s b5 finedYsraluaRgRi il Shieta TEbIRET el i ¢
a capaci th¥gisk 4t aSRRBAG will e TRASR Sedond bR DylavaeginkitResig@ls dagad in rows
and colums with a matrix configuration. The nethod invol ves conducting a

first scaeceivedfotibadirseadstogdserascbhaahiee offn andecapaldp i fe cxauelp Beensor i n
o g o AR SRS TS S DD RS PO ARSI BER fofherRmpherel

the'fra framnes, I nt'eger,

usi ng i nfyei@ihc AteHQIReTaaE L2l $ncdudeolts@UuenCer Gfanteh@d il doddnisogen shisfrdnstent i fy
areas of the sensor that experienced a change in a capacitance fron1? r ow
to a col uliitenplof therssBwpricae Poskast 13l Tharodeiodbs sURMBrapasHanieeas P ¥enhe

sensor t .3 | eF the change in the capacitance to inform sel ection
of a subgg%ngégg%#%ﬂﬁggﬁpon which to focus a second and subsequent scan,

and scanni ng tlhgesdrbls etothdr aspdctinfithe sebjed tngadtef desctibel imdbio npecdliation sabbequent

scan, wherein.the first scan.,i ssociated with a first, neasurenent, where
thez%ecoﬁﬁﬂ§@§ﬂ4P§“§%§%@Wﬁp§&d%t?@%3@%H§ﬂ8¥%ﬁh@ﬁ?Bﬁﬁﬁ?g@fﬁgmégﬁnning of

the subsefsRiated¥AiR L2 RARAIFRE KehiS20FRé QhdSSihicludes trace lines arranged in rows

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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colums invol ves determning a target signal |evel and a noise |evel for
the second scan, determning a target signal to noise ratio, and

det er m niwgQ 2are/aopt98gr ati on period to achi eve the target PETgrsad110¢398Di se
ratio by utilizing a function that is an average of the second neasurenent
and the first nmeasurepent. .5These _and ot her odi men n ch _optionally
i ncl ude _(5’8[%‘“13}51. LSS P a(S%ﬁtﬁ]ggnfdgngﬁlﬁgg%?ﬁgﬂ%&r %’tr %gecsgﬁg%dasr? IiE)’ncI ude
det er m nide@r@irSh@n tlrgdt 816@hI t0MPisa rAR, 8&d d@¥@lining antiftegikii6s perfudian ackibet
determning a target signal-to-noise ratio based on the signal | evel and

t he noi séhd taugst sigaalde aplse satiodyy wthiging & fypctiiathat ivp avRsegeadf thasecpit| ude

recei vi ng_Si I r i second scans, and determ ning a signal
with a siq%er?g - gﬁtn%l:agléé ?%’%H%E%%‘&ﬁ's hi gher 10t han the signal -to-noise
ratims associ athest adt dihdriegnboldimsdntocansaclooptisain inchydeame bagiongofithe si gnal s
that are received for the first and second scans. .,The value of n ca e
equal to falotingdcatyre Thaufist wan cprineBiveidgigramite? Henal eV @tﬁawﬂr}f‘f%ﬁ% t he
subf r amesy CAR: B8, Afn AR R0 B pet UBRERILsd 116 bARABNREY §igkdl IGRMad gk ude
16 colunﬁs peFQ%?hﬁg'aﬁg i C%Fun%% per éhbf?ané. A Ia?ench%f theasensor
can be abois 1&208ternained fanéher finat dcont Mhe swethodwan Sehplrcedcavice sigaals fardhaide a

fringi ng capagitance. In general, another aspect of.the subject

mt tor | LUt sets st TERE P Sene i hE Sengoar et S A Ehar

i nchyde g RE bigARISLRiRLElbs RsRidat with HIRCASSINEcHIRBARI BISavafsapi Bt ed Wi th
a capacitive touch sensor, where the sensor includes trace |lines arranged

in rows aighalsdhairmnsroagived tor e fiiskansioeéonglacans. dhe valne of hearcls efwaktogbeut

d f. 20col d,n i ' [
Ceanonti A TYRdBRR R GOR e Eey DRl RIS E} WYY 07

t he capaqii iwRrd Qs ehler$RB pafierh Ra@thclude @6lcaieni3gict fhMe abld i RGluns@erat i on
generated as a consequence of the first scan to identify areas of the

sensor t kabframpen;leteatolihe srangfecanbe abewti IRGHAPddpatav titbe columg fringi ng
capagci ta&gﬁ%&t?ﬁ&rdaﬁliggu%fac?%gﬁ{gecﬁg%ﬁta%eom a rowto a colum, and using the

detectio € areas at 25experienced the change in the
capaci t ance t dnigsfi@slyuseheckpaenodihe autjedisedtteofiesedbdil iafthis lspeaificatibs caf be

col ums upagn which to focus ? second, and subsequent scan accordi ng. The

met hod i redioglied 18 serinda it eludgihetctions edaler 2 {atRPICEEINg BBPYELF ums
sel ect ed a%%&iz{tﬁﬁ?ﬁ% aRd tmss@ﬂéé?,%hez@ﬁﬂ:’ seMe RIS trhéd Bles 36:@AddSn

associ ate Irst neasurenent, and the second scan is associated with
a second rowasud estemhs withe matarrbmijgwéitidnh endtie ltoswbs @te afanghé ann ses of 300f

| i nyol t ermni i . | evel and ' evel. for t
cecthd schlimaiogu i igeatt dhs BB ErsBrud SRl G Bl dlni ng an
i nt egr at iQeh BEtht AdetsdrasILAN 8f tHMRagR 12/ 0084 0R R i B2 thtdl £24 8Befn, 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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the target signal to noise ratio by utilizing a function that is an average
of the second neasurenent and the first neasurenent. For each set of

col utms awo 20vaoepondi ng subsets of colums in the n seC3/uskoaokisans, the

first scan and the second scan are conducted before conmenci ng scanning on

a subsequent set. of columms. and correspondi ng subsets of | ums, 5These and
ot her enﬁ@?ﬁa ﬁf@n?:léﬂ naie Ffﬁ’(? Yi%ﬁlémgf‘ @H&W%ﬁﬁa’[gﬁgﬂ 8Yer?ﬁ§roef%€ff sqepid ¢ ol | owi ng
f eat ur es. . daQiireBREMarRIURS Btst Bleadd@néntS BbSeh s6QlfeBRgnnstdne coRéSPORdiaAButsBIO! Ve
the foll ow ng techni ques: scanning the subset of colums in the integration

period; ofceluninggn theer ssecdiedlunmssilie énwnean alddheseeond pesnerecandyetghbeforeof t he

scan of the subset of.colum where.the sec r i I to a
second. meAur LR e R ut WprdlPR] G hDruBRFOR RSB o OB FE: T
subset of col uRse afdeoth@thi@dimeshtd @nhavieogionalaichale®ndioftidrsohal -
to-noise ratio; determning, on the basis of the second nmeasurenent-derived
si gnal - t dohwvise featpies, Fourachaybsetd ther srteioheodenne thermethed paneigvolve the

si gnal -t g-fQj ; i 0. ni - Pl g or
the subs PTGV AL AhldRed Sl P HOJRLOR SN HTLY BBl pREME BolalibP el
measur ensatondendagednehgreblted torawied signhisofitlse dces sf thhanbsehel colurhmy)mhere

signal -to-noise ratio for 15t he subset of colums, performng another scan
of the sibsEront mepiugmt 150“8iaéqdﬁf’ ﬁde%ﬁ’&trﬂﬁsumgﬁﬁgﬁﬁﬂt Sl%’@'ﬁ‘?&@s‘f HlPecei ved

si gp@l s @cete}ﬁﬁléﬁ’% ﬁ/gétgéﬂﬁ@ s@set R ofHRREEe OnGRAtddTE Dav@RdeRY £ iRgikiteh §iBRal-

measur enent an ther neasurenent of the subset of colums to produce a
conbi ned torerasurag detetrhiningh ars the basio pé theyseindmeeagusingntadlerived sigingletorratiseo

lated to.th i ned i i gh th t he. si | - 0-noi
R R N S A At R R T S R e
I n gener alonaARPEANS raBls B&iGhe MbsbitT cS IR CAndWioh leted@fid hatkht RedoRll S

speci fication can be enbodied in nethods that include the actions related
to a dat angasecessi-deyivedsenatiesnasesade istless than the miviapue pighadotneire atkeios or |

wh h incl ud | i ' : it h
A e e A e e AN

for wher gnésinemant felft@O©recefid sigtaRad thenthérwesn sRiu eutistodflcplumamduet i ng a
first scan of each of the n sets of columms of the capacitive touch sensor
in an i nEplagng thameastreme and dierhar messampr Pl e aibsgt @f calvmgs ¢ Hodhfehc e
of 'the Tl tifdeaOrehBfihh s ATEARO wilNEa SERAAL-do Rk IRERLAYGRI @ change
in a fringing capacitance, for Ch t he F1i gl ng capacitance 1 ncludes a
capaci t anombinedmestewehois highet than theldienaired-haice iativotlued tasitheg of the det ect i on
of 30t he areas of tI}e sensor at experienced the change in the capacitance

t
to Phior MeEHERENE P Hre ybsgiRE U S-each of the n sets of col unms upon which
to focus a seqRRdh@RdafHRGEGMRNbT B 3ibjedlh AR 44LHBAPRRLTE shR2AkIOR ¢3PB

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 cohsequence 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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accordi ng, and scanning the subset of each of the n sets of colums

sel ected for the second and subsequent scan. The scanning of the each
subset ofwohel2oss®ss of col utms can i ncl ude det er m ni ngPaT4iSgmalo439evel and
a noise level for the second scan, and determning a signal-to-noise ratio

based on the . sign | evel ,and. t he.nojse | evel term ned for. the s nd
Scan. and %Parihe A5 e i 1Rt B KT usUGhs e a0
capaci t angg -su&‘é?u&ﬁ@&hn.s athe @banmalglstBe &Rl sGlNet 65RO AAER YT solbaet Sardinckidb uMms
in the n sets of columms, the first scan and the second scan_are conducted

bef or e coletrmiiinga sigarlipyr) aatha aoise lsyelgie e sseandsras and defsrmaiptpecorigtdfondi ng
bsets of.colums. : i ent ' jincl ud
one-or moPiditREeq SRR AR LBED FIRAS TEH kA A G nE R Bdnit 1€ 1

col usms, rthgnges faodreagaos ihevelsvethackdithaghdnlge irscdpacitanoé. Eail danhsetiofi calamns
integration period, obtaining a neasurenent of a signal- to-nojse ratio
rel at ed ta@dcRECORANGSURISE of Gplugmsan thed) fi??ﬁﬁ,coawalsa@? ??%Sﬁ%@%ﬁ%ﬁ%@? t he

subset  ofs Gl IBRARIS BAE BRERACHE sOfifien d SRSEquenTebMAAGNAI - { 0-NOT se

rati o. For each subset o n se ums, the nethod can al so
i nvol ve deirespundinggubats défvelunasi s of the 15measurenment of the

si gnal -t o- noi rati o, whether the nmeasurenent. of the signal-tp-noise ratio
is less than tHgS Wﬁo?fh?ﬁeél? Hpentyeatioias OPté‘?I}ahnyu etf@eé’gﬁ?é?o ¥ ol umms.

For (gach sHb&8k ofrulcBers: &k sutdbt SQh4ARSs of HuB, IRIMEMB LA Rv¥RcUPON
determ ning that the neasurenent of the signal-to-noise ratio is |ess than

t he i ni reanngngthalsubsst abiodemnsinian iftogratipe penidsk ebtapingongatisemens of asighalg

anot her scan. of the. subs of cal,umm opt ai ni n ot her . 20 rement of
the of gnab i etUgaRal B ahe Sa LI R SPeThEbS dpd ROt by RRRIRTS

col ums, ABgkt BY E518ML BrelddLfiFRas W IR At lcasi@ hitemOhRemhatRasiisamBot Fof eabhe
subset of columms to produce a conbi ned neasurenent that has_ a_ propert

where a siubseabf the-nrrstssad colmng, the metlad qap alsedn e rbdgiemippg sy badats P%thﬁiygher
th th i | -t 0-n0OI i 0. t it f th
ag% © e }Q%H%é? ofgtgflf g@aglgtgln%llsre%tﬁ) eltr fle Ig%rs%r?;{n[eh{]& tﬁﬁggg%lﬁgn-gﬁsgr 0 €

subsat of™ negeneral’,” andt her "aspec e su
descr i bedaii®ist1bissh&P@e infihidainh Signslan-rdiseeatw b et subsavef baldsin.hBor daolel ude t he

actions related to a data processing apparatus associated with a capacitive

touch seribyet of the nswiistcobingthe greaodranin s dod At ng teyths 1 qui d
crystal %éa%%?ﬁ QFthQ@itgﬂlélgolr{&?%e‘f%isqﬁg SAH (s RBnithuRPLisaliis SEME RGN fob t he

capacitive to sensor, entifying that the noise frequency is a function
of a freqghemtyetodf cohendsi perfam@ranpdteakcai cfphagubsend coemas mbtdinigg another

exclL ol O L euery [ S0 e SesEr, 20,8 LUnchon, of Fhe SeLeLFLIGg ol sc
2012/ 009%@%@!a§§%¢%ﬂé&@és%9§1¥ent 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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selecting an initial excitation frequency for the sensor, conputing a
cross-correl ati on between the noise frequency and the initial excitation

f r equencywowver2/mmosnt egr ati on peri od, where the conput aPCoUSed110i3937
cross-correlation is presentable in a sinc-1ike waveformw th at | east one
peak and and sel.e t he exe itation frequen far the
Densor bycleiitegl iy BaRiatin SRRGPrRE G he ShsomeorRRfing Y iOrionHNER ivish
wavef or mtﬁé‘ﬂo@éﬁéc?ﬂ:h BPatd@e satigraxtinabnexgubidlyl over id @wgemrbya ﬁeﬁo@ewlibréﬂﬁE
frequency as the frequency at the selected null. These and ot her
enbodi mervesputtion &k thegpesserablajion isdirersatabledn asinedite wiveftia wih pidgasigne
features._The e n

about - 139 Rhend SHERERIETGL FRRARE 0l A3 R FANAR: Tor A0 Ry KT

vol tage of frafuendy QY of Heewlld aagphasintilike W@Hﬂ)lﬁm&ﬂd&migmm@t}beiemﬂlﬂfnegur ed to
provide a current to travel through a user that is E}orde; of about
tens of rﬁxélltféi%pféequ% teézsaéﬁmp\f@q?%& j4s derfissbencypt t}f?cﬁe gedavtly ont end

i nterface. LR MRS gﬁl@@h‘hﬁﬁdd&ﬁﬁ%c%‘%;ngro?hﬁ‘ﬁe gfmeut put  of

the front end |nte ace of the capacitive touch sensor. The waveform can
i nvol ve tfbkbowm(gsfsatcms r ?éhcanolmwfrac[uenbgecamdaesmthmeqa@ecpf ahg&iSﬁsktHztthetbbmti I8Pl

excitati uenc The nethod can involve 1 rreas | ev I se
"n the s Ay PR SO PAYe 4 dhign Dot ke B g 208 R T om
a user Ofcafaﬁ'tfi‘tl\ffeetﬁﬁél{ sch3sdn 8B c&ﬁ}?gulr&i/@pré’\ﬁdé@ SR &b NS Eroddlea HRE REisCan

i nvol ve continuously neasuring the level of noise in the sensor, and

cont i nuomayl (atdq:rmftabmq tenstdfmaistoemgs.f he chpaeitive tagch ﬁ@spbwnﬂn@m fihat apder of
t he sensar eve con uous| r hod
can i nvoll{}@r d];}fﬁ Iﬂftﬁ‘&d &t ]ﬁ%@%g éé‘é’ir&f%tq ‘g%vegE vva?L/{e Fthe?ﬂ)e rgT;g&rlsor
wher ein ahtekfa@e%f 18O Bapbitiv GouRh sBRGR MBhe VA6 b@ﬂn‘hﬂveﬁﬁrdﬂ@sslcﬂﬁrbladeﬁ of he
sel ected excitation frequency. The sensor can be conf %Fgured for

si mul t angbegoise GAGANgs herins therinislapeieitation ireqwn@f t Hesgmethpd esteinyalve on
wav or Mg eaﬁglﬁn ;eVgp&q}% seq?fﬁ,]e S%}léo? nan;ﬁ%\éﬁm { nlﬁgin( gltl(ﬁh kOI' ertéaﬁg %uc}lo t he

determ neIH guency genera er "aspec e su | ect

mat t er defsshialieet dfmhd dEnsordiaesl dn thatdvehofbacashed2baabate edtliod mnm@dj\m t hat

i nclude the actions related to _a_ data processing apparat Psq’cgssom ated with
a capaci tGopingoyskymeaspdpg the dest P%‘i‘cﬂﬁe 1nd Se&‘ﬁ‘&%%‘&‘iﬂ?ﬁ@?ﬂs}‘t PRIEAnes

ar r anged th&sﬁql&%rr dg’t‘ecﬁﬂgtﬂeg dc?l (fl‘g thetlﬁgr SERS OnsbebAIsd bRaRlSk bP a system

conprising a l'rquid cryst he method includes identifying a
noi se fr a@nemmuslygmmmm mgsead’ hexmnthc&it aaonnwé\(/eedammlmmg prthogmial exxcdroys at

| east one of ft he tr | i ne in thle ens&(r3 V\ﬂﬁ {1 ﬁxtm tati n 30wavef orm
is gener ¥ BEUHEHY <‘?1tge“tS EqR at'p s PFP &N F HEHa Y Orp}fe
identified 10@isSBe Eélé‘dilét?é}&i/tau&ﬂﬂeqﬂaﬁéﬁ TS8R ichibé Gsh W@V fof SinluStaginer at ed
such that noise at the identif
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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WO 2012/ 009495PCT/ US2011/ 043937 noi se frequency is rejected in the
excitation waveform The generation of the excitation waveformincludes, in
a frequerw9 2dm@p495 specifying an initial excitation wareTarsaol1amid37
converting the initial excitation waveformfromthe frequency domain into
the excitati wavef.ormin, a tinme.domain using a Fauri transformin
the convapuedialiid REdHiR Rt Fruesar it HP ek of e HMisBer or m
across atwdwesin ia0Rdes id HfediedcLdbmMBsspecifying ah higaRE@Htion aRethen, aspect of
the subject matter described in this specification can be enbodied in

net hods  tdeaverting thedaitinhexciatigrowavefemairern the fraqusacy dpnaiadaieitheeeipéemt us

ds_thaverting Hedaitehesc uf
[ nes. ar g f EREHh N By RitG 1 AERRE e RERCR AOVSN B PHUIRIRY 1L Ree

system canli & tRgisaittihg tHedxeitathalavéReinsetay at [Ehg onebhihd tiabelinges
identifying a noise frequency, and generating an excitation waveformto
transmit acrods ggrerplearathesmedest of the Sehaetangtich descriped indhis specificatigp ga:b¢ he

excitati ge?n OYe%fiﬁ Eﬂ%o%tsgﬁ?g{cf%cfe.(%hé&(fﬁng Radied R @%&e\%g&gsﬁ[éhagﬁyﬁiugr mis

or t hogon the i den noi se frequency, an re excltation
wavef or massocgietewah edapacitivettnath senios dadhg rdves ardlenfuninsed traoe Seefarmgpethiny i s
rejected in the excitation waveform The generation of.th i i on

) .excltat
L Swavef ordMrERGEDBETEReE AR 750t heinglpsalid iy it O RS PEAGIHS CERBkt i ng an

al gqg i t hryicoty epRANGHhBYidcRides fdefifyfhg IMHESBefuRAROASE gdickdtRb andREitARACT at i ng
t he excitation waveform by applying the algorithm corresponding to the

finite i mpulcfenrtespossi atioks @rleasbonde thefra¢edines icihe senson whevethe exgitafiba

met hod i nvol yes transm tting,t excitation waveform across at |.east .one of
The o1 acevielt s xehaas ruboner o Fefab BLLAT Y § PLTPGLE Gedlen P8 bl n

as 20cor ripd bRy, AURvASE (ReRKREGT REMBMET YeftratellisGdh Bathdae dkiRaaeddRaal to
the capacitance in the matrix. The signal-to-noise ratio of that

measur enemwisedaqupreyas faierted ivrihoexcithson weedpme.i bee gengeatioppéihe axpiéatiognger
integration tine n b . I i S| - {.0-nai. rati os. The
et Tat | GGy ET By 80, ecHBE & IR BERLRERs el R AL SBR[ 7L

si mul t aneuskpondiigdo iafinde hpulsepsporatidtes, and gerehaingxhé tattathion wavetbon bg can
be orthogonal to each other, as 25well as to noise, ang transm’ttaﬁd

si mul t anepbing the algorithyn gorespandise &y the Aeite InpBFeregrmvsa e homitthe subj ect
ratter dexehARRd Rt STRARGKIL SRLNAD AR iRRE hOGINatith LAGAGFATRANYI NO
drawi ngs an e description bel ow er tfeatures and aspects of the

subj ect nteist ene v the trhecionms. Appassardment can hdekehesfor repdivaisigiahstrehgdvwiangs, and

the clains. WO 2012/ 009495PCT/ US2011/043937, BRI EF .DESCRI.PTI ON.OF TH

DRAM NGS efglater B LS LYPEPET. SHCB KT EOB?mﬁﬂgg?B e PBRRApSst T
a matrix fokiva TheYphaselRNe ratio of that meastleenfc AR £uBicforbfanE MRgRAtiAN
exanple relating to sonme effects of attenuation and 5phase shift from

resi st or -tonpadicrothe (RQer ntegsatidnl tinees qag bemsedhie achigehhigbersiigngl-4grseisgratios.
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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FIG 3 depicts a diagramof an exanple of a circuit including transmtters
havi ng corresponding control logic to drive voltages across |ines of the
matri x. WO 220R/0@498 depicts a di agram of an exanpl e of @&cCeiuseuil43oat! udi ng
transmitters and receivers to drive voltages and sense currents across

lines of the matrix. 10 i i nple of a
t hr ee- di nensi onal mesh E@Fiﬂiﬁgﬁf%@vg%%m%ﬁyﬁ&r espect to
| ocati on acr oggGt heepiistal Hagram of alrb%ampl6 Af anelesibddeniteh ifla agitaxrboraftouch

exanpl es of waveforns for transmtters, when exciting the matrix with a
vol t age tSA@¥0ri s noi se-li ke and not a pure sinusoidal tone or a close

appr oxi mati on e 5 ggg | [ i agr ans
for frames an?@u%?&@ﬁ%édfﬁ% Ogﬁh epléggggtﬂ%glc%vsv %?gg{?%%og%ﬁéghg%ﬁ%&%l e of a
met hod t phassshifafibl desibtoaogpaottort (Re) dmp idtering in the Fduch s&Bimeyysietrs a | ow

di agram of an exanpl e of met hqd to scan_a si ng, sensor.

t | e ¢ol um of the
20FI G 9 depi dtlS- 3 dgpisigraizegrms a’éﬁ’éﬁ“r‘&ﬂ%_"g? CHgH ’Qcﬁgln&ﬁra&ﬂpﬁﬁfs’ n¢n anal og
front ,en%f%wonﬁm m%h&m@g}at:% &i@mﬁg&@é&@gg linSs HEhE alEBd. FIG 10 depicts a
di agram of an exanpl e of hoise at t out put of the analog front end after
denodul at i on iHGpédtpictsadliagratn of agexane b€e tirant iofludimgdrapbmteromdway ef or m

FIG 11 depicts, a, di agr.am of .an exanpl e of i t th tput of th
anal og fﬁ'ﬁ‘r%fveé%@ %"ﬁf"?’k?g%é’ﬁgaiﬂsﬁfl}% 1 §Crﬁgﬂ%§§£@eﬁﬁtﬁx'gubgg sgl ect ieon of
the gxcitati orprvay @bgicila diddeam b2 afl 8RS ofla tHragHRiBnSonAMmERPIR| F n¥asidred

correlation of noise frequency agai nst excitation frequency over an
i nt egr at icgpaqi)tgmeo\di_th respect to location across the matrix.

FIGS. 6A and 6B depict diagrams of examples of waveforms for transmitters, when
exciting the matrix with a voltage that is noise-like and not a pure sinusoidal tone or a close
approximation thereto.

15 FIGS. 7A and 7B depiqt 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.
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FIG 13 depicts a diagram of an exanple of output responses froma
one-stage front-end anplifier and a two-stage front-end anplifier. 30FI G
14A depi cwe 2a1dliosgysam of an exanpl e of a two-stage fronPceEnb2@mpioti er
circuit. WD 2012/ 009495PCT/ US2011/ 043937 FIG 14B depicts a flow

c f 95PCT/ US2011/ 043937 - 148 depicts a flow
vai dee of capdart Shbgeninn B EpuAh el RBpaRIS; fifleld Fholfd AREER. 7 ©

nunber s aiich ggsdgnad v00s JftapdeBantrraha ussisHwitigsabilitgi cate |i ke el enents.
5DETAI LED DESCRI'PTI ON A touch sensor can include an array,. of transparent,

conduct i ve el déke isdusncepatbsrsandssignatipne & the yatipusEavingd indirateliige bet ween
el ectrodee§e' he touch sensor. These el ectrodes may be made from i ndi um
tin oxide (n:l% but other materials nay al so be used, such as silver
nano-wires, or larger-scale nmetal wires that are slightly or |argely opaque
but d0small enough to be rel alEAILEDMESORERBIGN The el ectrodes nmay be

arranged in a two-. di nensiangl ,ort hogonal grid, for, exanple, . wth rows
baral Tel to arf JOUsR SEISORGH RS PURSATEH U ABrPa it L paugHve epfiadgsyplipre a

capaci t angg,diaail théddrehleAM 4o ieSmade Beek sneolecdd dEEBIMY RUH 802 THRW t 0 a
colum, can include at |east a parallel plate capacitance, for where a row

may cr osslatedesangobamade fon iaditimi thrgovide dadPadiut asematesiplswndycdisabd usedgi ng

field can go outward fromthe 15sensor. and interact. wth a user's touch,
for exampheh s eEmaey 00k ap B ameneL e eaep a2 sttty e dpafd R° can
i nchaide anfalli RBigOtoleabtiAdly iRBa$piARUWEERe ElBErddevaR te htengadl i @mworor
instance, in a systemw th mrows and n colums, there can be n*n possible

measur enstimensiofal prtepaonpeeris farrapmply withepws paralld e en grxisnandfolyaey i x. This
type of gﬁ%ﬁ]}é{ E)rge%n-éxigaxhp foéa:]l%ggic'itgx?c% r@ﬁﬁ%{%ﬁ&nt‘[ﬁs uc"tﬁﬂé',[ é’sﬁheéﬁﬁﬁﬁ%&ﬁgce’ !

or "diff I al capacl e. ectrodes 1n"the sensor nay be

desi gned rbWw ta apaluhet, bart Maluds aelesst a@arablsl plueeapdoitafidel figiwigrecapac ivagoonss
whi ch can be interrupted by the uyser's fi n&gr to,prfvi de the des(%#ed gr
target siQyRahcoluma. ansl miringinesepamipnesd it iarar fiangingtield sele cp ariReshioRdhs ow

and,col u ; : , i e I : i onst ant
of 460 TRl ufk i BREKEL uBE 1S ERAELLRIE Mo WIER, ARcIR Y e KeoTe. "
an of f setmasalied forsehding tot mbludapdidigiagtield aT kastrbetveecarite ®wot amithe colutrine

mat ri x can be nearly coEI anar, so th(ﬁt é@ile n areg of, a re@re)ective

paral | el &ré&S&m{f%d%@iSVﬁ VAR P S Ahe SR TS UPE aRde®i'8 al so smal |,
and its GAPAGIhRAGEWHRHE ¥R ir&Berd aBBMchiifBREtiohNS tRahhekN Tols (9pest r odes may
al so be designed in a manner to nake the line width as great as possi bl e,

for a gi veesspietoht manboseiestimes mieniediaes treturlespanitaness” or “differential
20 capacitance.” '7
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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300f the traces, which nay be otherwi se significant if |arge-area sensors
are enployed. The WD 2012/ 009495PCT/ US2011/ 043937 fringi ng capacitance can
be maxi mweapidwe49exanpl e, by designing the pattern so PhatuSténa/onzsul ti ng
fringing capacitance can be nade as | arge as possible. FIG 1 depicts

a di agram.of. an ex | e of an el.ecirode pattern 100 ipn a matrix for a touch
sensor. :Pﬁnglﬁgga%ﬁ%ﬁﬁaﬁ B MK RIZeH ot g pier E&a:%m%r%g Qﬁd)aggrgg&)ﬁ&a(tgl&e
connect eqe@ASHr gﬁlg%ﬁac@taﬁ&r&lu%%ad@asmge aspRsibleand the horizontal traces
120 and associ ated connected areas denote a conductor on another |ayer. The
| ayers 110, 1A0Gat depiefsardiagsah ofan exaiplephat clegtrpdetpatiernrl dve padiiy B4 a t he

| ayers 110, ,120 cross.over each.oth t t her.
The stru ?‘l’.lﬁhégepssor'sﬁbﬁiés & o %@rgelvgﬁ{%} tg%eesgg%g%{ %Sgﬁég%g&\%\%&en%g%gﬁgagndesi red
par & | el -geh&ka coapatsicnie 1620 46 the Miridoard rhyes TaK endadsbeiatell ecineodd traces
narrow where they cross 10over each other, the resistance can be reduced
and mi ni PEdeRYC rERIGHgtar e aapbet lapte Thedeisss Hid 420 graisgpagpia dropheash dier.
areas. In thigrgﬁr m%ﬁ‘ﬂBliS’ﬂ“ﬁﬁE ﬁ&é&ﬁ‘%o By cp&g%vaiéﬁgﬁ ofBbEBLS Wﬁot‘%@ﬁﬂ&f RSeachn ONe
i npl enentati on, For exaripl e, oné pattern nmay invol vé havi ng evenly-spaced
st rai ght dthereThastradieresasmbjqui tocparaklphete elpecitance abvhemathe iudessied angHel-1 i nes

at a finger pitch in the electrical trix, . with adjacent |ines.15connected
Loget her He GHSGHAICE £#fIOF RBHYFSG: ARSI HCLAeHE0% Baden SPsae S eTeIBeY RSt or

betyeen a.gi YRR ofY RO bsERnEEPar B QEGRH ah@ nlifieliSRSS hiEng N MBIE Ll
There may be ot her neasurenents performed on the el'ectrode patterns. For
exanpl e, relapady vadeim atleer apesneasured from each row and colum to ground,
instead of fromeach row to each.colu t hus, maki n n_nmeasur ement s
ot ead of nt o hecuGREn©rS S Hare MR iR PR B e BRI IR o
di scl osureaMBR! End }%ﬁtefrpﬁay ROBRhaOng CRBAGIshadRE Strhighf R ache Ramepitéloawde
colum. There may be a circuit designed to performthis type of

neasur enehiciricahmapix, swiightiings age finges Hiteh incths clepticplapetiiveyvsh adjapes haes i ve
| d . i nol j. f i i i b
cxciteq depniciiontBeR ot s RN ANLplBS o cfodhd o plaifipEPhle €30 D

into the g@nussandadting: hagedrveinctare Aefiagiup €icidie current on the rows so
that the enerqy flows out of the rows and into tagg receiver. Wile the
desi gnati on of [hsiemaxbe otsr mEesurguEtapratosmed AR theleqtiode paffainh sk rexganlsr al 1y

arbi trary,, %}c@ta{l | Sl IR GG ohPlhch ?&aﬁﬁgolgﬁagg %{ed&md,rﬁﬁytegfopﬁ&ﬁ%mow

receivers e colums generally may to the transmtters.
to each column, thus making m+n measurements instead of m*n measurements.

20 Implementations are described in this disclosure where the measurement of
capacitance is from each row to each column. There may be a circuit designed to perform
this type of measurement, the circuit having transmitters and receivers on respective columns
and rows. In an implementation 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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When the user touches the capacitive touch sensor, at least two different
effects are 30o0bserved. First, sone of the energy flow ng out of the
transm t two 20e009496w i nt o t he user and return to groundPCrusegh/osise7 user' s
stray capacitance to that node. This stray capaci tance WD

2012/ 009495PCT/ US2011/ 0439 r exanpl if the user is holding
the devi dBAOGHHE dpT Eawgple, ét\s}gﬁui%?sgkt?gﬁn%t o‘i?é’%?ﬁcfgﬁ?tglfés%g?ﬁr} %Ougg}ra 95 1i ng
that, thrgughtib %oé%ﬁ%r oS fhilingah, ﬂ%@g%e ubdies HRMRE Wecddist €1 seaddr BRCH Edhtve
enough so that their fin nger can also be close to other elenments in the

matrix, flowe ashighsostbatetheir Engertcan wisp be blosg toutheredements 1 the matrieferaghichay

d h I
cner oy 1oy s SRERobR NS TRyt i ol SFGu R PRESTEey B ol

t hrosigh ttherddsiobr. Secb@s RomaddihcRasrgdWlovdhg bllite)f YisetanSmita e chpld e the
receiver. Because t he di el ectrl c constant of the user's finger, which is

appr oxi mawsel'yfingrs, theavehdle war's g and theg opbeighe usnaAIngRio ﬂéﬁ Ie§FIVEL t hi s can
I ncrease ﬁe@gus%(%@é)!hefegtr fcfoggtg oq‘% ds@xc § ﬁﬁ?egf {Npﬁ}el 1%@%€%ﬁ%hgéamé%r D two

effects can Srent responses or exanpl e,
dependi ngvaer, wHiigbr @ik ecit oﬂmmtlmabasmctelaear the waypling edifecto andinnehonthe

rel ati onship between the neasured signal and the distance fromthe user's
fi nger t dS¢HEISBRESr . Because this may be undesirable, system

| mplgnent ati Onlilect% PR gf&ﬁg%et QERET RlSorsEs Bt H{é%'he glsﬂorw Cltdﬂéxhtﬁﬁfeeas' ng

or a strictly-decreasing no have a nonotonic relationship.
strictl y-d&pmchlgomgfhmhcbéfenmontieatps, dlicee vy de iamos-omenoitanid @ﬂmmmshlp bntswebec ause

it may oc ur at her f enci e ich ¢ allow nore total charge
transfertt ?inieﬁsuéedgﬁq%%@rlu a?‘i]ﬁ’ggil‘%?}%%oﬁ\é\ﬁﬁe&ﬁerf ??nggrkﬂtgﬁéensg&l CAHY égay
strictly-ylepueasbigs RIS fB¥mPAENdfi&ah BE ﬁ@é’lgl&@ﬁ@bﬁéﬂa@ﬂﬁ eﬂl@ér\/é{%@ﬁbtliyhe sensor
and the user's finger, which can allow a | arger thickness for the glass for

t he coverln@‘f:asuft@or%ﬂ’ﬂs@ly degeensingtonesie tp hpveem@ﬁnetpn@ﬁslauwm&he s#igflyuse t he

I
can have SCRPSRGERGS B e atcthioR0R Song T PGS e O F L RETL b e 0T

transmt fyaveddssmvhichcan aBow hadre otaastiloy t@hsfe@wrn 4 giecuanspr&tion fehied farhe
energy may not couple effectively to the user hecause the coupling is

capaci t i vighes S8R, padtheotiiqtyrdecrenbing sage ey RIREAE B 8B HeRABIHCR ECTeah thencr ease
W th the fﬁ&gld Sélj ﬁg%agsg@ﬁg}farg@ RS rtﬁ%ﬁ%sm?ﬂey %1%5 Bt @B%bver of

frequenci‘es, he pr o haracteristics of the row or column
wi thin thge §@l610 rSoﬁlﬁbthértlﬁipllmﬁdﬂtetthﬁs éioeicgyr, map usothe sirivly enendsatg mnds. t he
propagation characteristics may be nodeled as a uniform RC i n 0

;
pas€0filter. TREOPEARBIMENRHORS dhefranaiatt el capbpves Hrgyaacy § %rﬁﬁ’i“i fl%erber

of cycle d r i row
Pand 1t e B Rl P o S ey Ao B

f or exanpleueinyjesytictultiat ¢negestinay setrooiiple effettively ®0hoisse bedause thavwet@imgis Thi s

2012 000 FBPEH ATBI BT RIS o R LD e B8 DB se Mt BERFRRS  ng

the tendepeyt @brdyhecsicsh@dted MoSIY it higHer @eh@ndies ah&ethe 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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The receiver can be configured to nmeasure an anount of energy received
during a given tine interval. One inplenentation for this receiver involves
an i npl erotat/oomoas a 5" peak detector,” which refers t@Ca/uscaacisend
receiver circuit that can neasure a maxi mum current received over a given
period of, ti t he I i t 0

transmtter, u’}ﬁ? to n ?av'flb‘a{%n%l)??6 %%m%@%eg%ﬁfﬁg&e t%@%&ﬁ%@b@%\é{‘ E({ éeﬁl{the anpl i tude
of the sugﬁ@{;vbaﬁpmlyeed fromthe transmtter. Qher inplenmentations of the
receiver may be configured to measure the current while discrimnating the
i nt ended s. gnaliherrpesiyen6rs e conlenreddpuncerise aRBRORRY A F8CIgY 145 dEREBE 2 t he

per forma enot I{l{,}ﬁﬁiﬁﬁskﬁ@ e:n%%ta?mﬁ ftﬁglrleé/enle'r Eﬁ\lo?\g:s QM 1 #l%m%[é@hol'l: Na

exanpl e, ouch |on on t e sensor is Interpolated, noise on

t he sreas mpeak @a@ﬁm t whick re:faua t@nfbr@dbmmtﬂeyemn cirouis ﬂaaocantrheasnmpoma)adlu@x y)
position. In some extrene, cases, for ex t he noi se. |

cont ri but@ept r@?f‘é‘é& ‘FéF‘ge"eflcPﬁE%%to Unpfrerld fh‘é‘?}y ienalRreseat 1S§€%§1%I@g%fn | se

for the 3&%%@ FRén @léemlemn;té%t S4ray grbﬁ@fﬁanﬁ%ﬂféeam@ld@eof% i gt
crystal display (LCD). For exanple, if a touch sensor is built on top of

t he touchestveddimm tiwi tsamshittem Ottleer mpiemytabenmfébermelmdnmbe ctmﬂglueedl tat o t he
touch sensor. her Si %‘lfl cant . 0 &eéfs maa){fl ncl ude nearby radio
stati ons JASEe, %ﬂﬁfqr’f 18%&(6 T\%én di'g)™ "8 BY or 60 Hz coupling
from the el ectipisgab 1rH§leﬂ§:nwtlbﬁ§bf thhidnSovilel pesie Rkt @dthentyte@ananey from the
desired or target signal, nmay have very 20l arg@!c npl i tude. I n ot her
recei ver prmce hmstf«‘ bnéfs SNIBe lras ssimple, %[h@h‘ih@ bpesidigh opgecshfardur ed t o

| ook only for e _conponen I o) h the
transm t 1B S RSN EBR b BurREp B G et Mo S Pkt

current r}Otp))mnallildIrﬂd@)n&XdX%hﬁd:ai‘dﬂfoeBian@pﬂé Jthe hdSl@e itetfhyesvenaongibupube t he
i ntegral over an int egratl on period of r(t)* 25l n sone

i mpl ementcagdidfdse tPIﬂChﬁﬁy Theregadshayeaerabsoxss BE poise &r g son3esr Far rangic.by

| acln e sone
"8 Sk s A B Rl S i s bty
filter maybuigopm top ofitHeangdrsceeh tdoisedrdm e, L(Whmmy tegmesenpacit mgsheouplesingni s
frame rate. The corr

ver a fixed interv al so requi e a | onger
time to difiwes selSﬁrar@mngﬁF.Wa{sﬁ AR B g o
fraction pf 1&&}% Iﬁmnm}ﬁ' 9)}%5% drigoR1d Soul Hﬁ%ﬁgm\/’eﬁé blecmaltmags for the
filter to ett e after 201 '009495PCT/ US20 43937 the previous
measur ementich,whileevél hsepamted islfegiery dicen the depixeskoritanget sigral, mayehdvatveryr at or
can_be reset beﬁ en nmeasurenents. This can allow the full use of the
avaf? abl ¢&EBEI HCon ti me. The calcul ation of the integral can have
various i nmpl engnkiat rQREer TRHleRYARRR, ths QERI Ve RIcBITRIIB ChDBS cadiputddab Ustk a
si gna-del ta anal og-to-digital converter (SD-ADC), whose 5 control |oop nay
attenpt tanlydir thexgomponentrafdheneceiversvianal thab porse]alcaweth dag transmeéed signalf Forci ent

charge tq,dao so. n r ert
tho. our r aRCoeB P Ear M GHP e AR E st B pE S ool Bk Ry L
as may befeas&%ﬂca@domﬁﬁte t1ROnfREI bmlaenﬁmg@tlb@pemfae)mnabl eto
integration on typical CMOS processes because t he SD- ADC uses swi tches,

capéeitors andnéP@PtnapleWQFaélonsl@@%]Pe POspibisiR RPRIORBRAC H1BF CULh ?§%ﬂ ng the
| ntegratign,; é% hﬁgar Fir ﬁsﬁorﬁ o cGleal® WEEGHE gr ﬁ?ﬂ?&ﬁ'o’f@ém@ bfh‘éf’bfoﬁdba'ﬁ@r

exanpl e, ‘one SWtc capaci‘tor circuit made by effectively
bui | di ng daamecRﬁS lLoverpastthésd m@ﬂe;mmtatwins mlnaﬁow@eﬁttapaey teqmreadﬁngar sedtding

capacitor, is ther S|sta ce of the _sw tched-capacitor.resistor with
a \F/)al ue cﬁmfi/ qujfzﬁn m}m‘éﬁ't aﬁeni?g ARG TG A OF Lo IR VL & ’txedémﬁrvf‘ﬁp%yt he

swi t chi ng,1§J REHENS YongBY B ASARE a0 lvkMBand®Meh 2Bt 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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150f that filter-for exanple, by applying a step to it, and neasuring the
time for it to reach a certain voltage threshold, or by applying a step,

| etting iwo=etzdogssfor a fixed time, and neasuring the veCrageoaosdms?t hat
time-it can be possible to nmeasure Cut. Qther simlar inplenentations of
swi t ched- alg)aci tor circui tsW ];]]n whi ch}?g const ant CU{re?t di cha%rlges tehe

i nt egr at itAGPEXIOHE MEGTUEIRFT ™ I N GO ltign OX B el dhg 10 ?‘ae%anit},

i nvol ves raset BEtiveth me@RBer@td athifBa i Rivithe G usd S fRBE @laiilall e GRP@a1id10fimat
constant vol tage. _ Descriptions herein are provided for

i npl enent at i onleaalpulatipn pétisnitgrebeanthage Vamepsame fatippe ¥eeapmplenswne t hat
uses digi.tal signal processing to rr . & ] ith a
si gnal atlmgiernéeggﬁt\?g? Qefnnmelﬁge %gl 44 FC%?[@ ﬁﬁé‘l? %g%ﬁ}gé%gé&%%lﬁérzgg\é%é@’% }E/gesg\’!t ouch
sensi Ng r@hfrbMobhatay AASMbI 18 MSdThthineths radnat dodsientweliage Miansy infeet b salfistent t er s
send out orthogonal 25waveforns, and each recejver_correl ates agai nst each

transmi t CBAreRAY 89 89 nBE saruing that chargesthe R4S can slirertbeeanvert thasiieienhi§ & he
si gnal to;nij i10.,] i ARPICNY;
(5 echn QoL 3pbtRah el BRPRCI Aol MERED AP oy be SENARIL R SO, of
t he capadmbieneentaioalras besaenabini iiyratier hnitypies CMOS gesicgns hepaastahe §D-
front-end circuits for the. capaci ti'r\éﬁ t pouch sensing system 30 WO

2012/ 0094Y3PEFFIZY i%@ﬂ@@ﬁ?rsé&&ﬂ@l 08 wi t hin the Recei ver Sever al

tecmﬂi ques an%&&n@ﬂ&ﬁ@@tioﬂg%@aﬁu&%g &ﬁehﬁfégfa%ibﬁitperimﬁa& visd\@mpleégapaci tive
touch sensor that uses digital signal processing to correlate a transmtted
wav ef or mswiitchedacapgjtraliciratitsa Foeexdnyge, dne su¢tessisahsd capacitotonesuitmpycreenadet i on,

for exanpl e,..an qutput. vol eVDO 5f.rom t he. og front-end circuit of the
sensor - sypyiestie Rl bt BRORERRS HhEaI Bigh ObERytebaic 508 i bl
The corr elhatld RRhdfesisate 6 t5E ERki@retlicaBactiofRBistor gaihnstalider W ragstyj wiiee Cut
wavef orm can then con&out ed di %l tally, as the sumover the integration

peri od ofis URGRRICHE] kider (isbead Ejsdhe pwitelies Bepisaee By arcaswyig the maiconstiits sum

Can o Co LS (5 T ke SR 9, L FREVRTIS Bt o
cal cul at egrhiy vahagoesshaldgbsy @il 4 sep detting it sttierfpt efiead tie,omdcan

introduce relatively little error, and can a %ow for an efficient

i npl enentagaswing e dlpgeatter gigf ime—it canhegpassiblede asagyrg it Rihey siBulat pe

det er mi ngg | 5 RS A WHRH a ddhs BN BurPHISIRRIRHONS,

t he receﬁglgzj&ée?lé%g)ﬁs%gﬁvﬁ?h%gcg%%gﬁﬁ @%&g’ lgyr}rle aas t he trér?sn‘élhtte 15si gnal

so that tihiegratiag eapaedoswiitathe swittltbdaparsted cireent ohargdsat, énadedsrastontrbldogane
is being transmtted ctice, these inplenentations may

si gnal that .. In pr
not 2Hr odl}g@_%m&% SEeeEtne CﬁPaCFt%%ttcoﬁgét&O@ “f the characteristics of the
sensor mat ri X,papifib s et Hrélgidlor AhpleRBRRIEHY MB QECHRINARS ishifikga For
exanpl e, the sensor matrix can be nmade fromlong rows and col ums, ich
can be pawpaitiectoficlosensortthatvseradigital signalroedssiog fmewrdlaie a trapgsdtednt eri al s
waveform with a signal at a receiver in the sensor; (2) techniques for a capacitive touch
sensing matrix that has transmitters and receivers, where the transmitters send out orthogonal
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
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20may have a relatively large electrical resistance. For instance, trace
lines made fromindiumtin oxide (I TO can have an acceptabl e maxi num

t hi cknesswoanrampoadi ng to a sheet resistance of aroundPE@/ushems/og3sdare. A
unit cell, for exarrpl e, can be three or four squares, and a typical pattern
pitch can_ be, round 5 mqmm A 500 nmtrace, as woul d be

typi cal | )F‘lfﬁ@ﬂt'f’ﬂ V‘él“?’dcfbﬁﬁﬁce‘ivgfn ay, for exanple, may have around 100
cell's, or 400 RIsQAlRERSquArand 20KlcRRIBtibRs 418 9bktiBOE Roreif) mm@lhgra capaitiveg of

| TO coul d decrease that resi stance, as well as increasin opt| cal | oss and
haze. At t@@chgignsor paat uwmltal signglypeeating sgarieipion rprRonited wawtfome WalBdept abl e
oot et i roB R i B HERY A b1 RS, SRLIAGE: ot flndof ARSI

resi st aI'ICSég t uar e (0] sed in

smal § er Sﬁfrﬁﬂ{bsanaﬁ)lgﬂblﬁ%n(ﬂ bea st @‘th@&’lnhorwy@tﬂm&aﬁrbd smhbled upiag habhhsogeyi ces,
for where the lines in such screens 3Qare nmuch shorter, so the total

resi st anchgifad CW“&%(AQ@Z; elhe qngyelatipp of @@H@@P@Ff@gﬁ signalggaigstihe transmyfied
| h
Sensor a V§e§r fo%ﬁl Jﬁﬁ\fﬁ‘ ! gxlggucféa@ip(ﬁgﬁ't%%%ﬁge gﬁm 0 @15%1 fuftt@%:["}i@t?rﬁgbrfo?lvgft 0 eac

col um, rom eac or ¢ roun
AC- gr oundé]dO[r]@*tE&{k] &fhetd[kll GDhe ech&d&ec&deS@)lal t thiestm vat ke vadwasd, far cel |

ht h 5*5/ 2 0 mt2, . db
0. 8 rm © <GB\ P UHGE BI A e Bg R AN ) (R e bt ggbhs Gal Srdund
3, then '&hé?@ﬁle%%laﬁoﬁ A?'be%él@éﬁteh%}ca% aaa&%q/o% aRbbirah®. Mgl | el pl ate
capaci tance C = epsilon* can be sonmewhat |ess than that anount, but the

fringing 1fnp&nwtatla)n chmirgrodued rghativelydittle eragrasid eangdlowdnt a1 efficieon. The

product t.au ound 2 us, corresponding to a -3 dB frequency of
80 kHz, WI%?R?%W&@B@% I98K- t hese resi stances and capacitances as | unped

el enents. 10l NTHI&pEdtERsigRAHNk T dAB b AicfrhBe ¢ evder loRrfoaR g doarkeiohend to be
distributed, and may be roughly uniformy distributed, al ongmhe trace

l'i ne. Forsoewample@wnta’q@ns;alpm@p@mbﬁgwﬁomlééﬁwzghbeyheé@me pethedrangmitiedr m over

comtir e ¥4 b Fp G ErdrERRTRF N EEF pEE b cof el it R AR |

roughly weidgodnsevtedsd. ttherdetitd Ithelse ngplbmenhtatities hayneot pAeduoe di agiuyate Efk]anot her
approach to estinmate 15val ues,. the circuit for hhg sensor can be anal yzed
as a trane#t beganse ofithechapiaieiisteyph the BINSOL WAk WRICH cAN sate dRgMAtERIAIREt ance

G and t r‘!ﬁdﬂ)‘r%ﬁ%g%f‘lﬁ‘@d For e)??rgﬁé QE ESRsAmdihg ¢ ?é RRAGY £ Bﬁh@ﬂg fovddig anal ysis,

t he signa I'ne ten e attenuate l'er anplitude) and
del ayed (wiuymimssuihichl cantbk pattgrhastemba tfaneph)rerﬁ@nmarcade trmtem}ab Tthesensatetitled
signal . Inplenmentations. are described where the receiver can he co ured
£ 0 Barmerht BVEdrekHELE HaEF HEr S IO GEoT HEFBHB R o dho i on

can be peff &{ﬂ@gT@écﬁpﬂel\%'aﬂ%cééﬁ?ab@(ﬁﬁﬁhﬁ& Hf@él@ss%hfe oﬁlﬁfngqg hajdett 0 the
expected wavefo , correlating against the versi on of the
si gnal . 'lfhmstanneroé“@tomﬁéwhm&sqb@ed|Af1irefr®&it fdr@Karepler@nlhqtt set:fqua)ﬁquamess he

Sensor s Padapedirersh “hBe SErenti gtk et o SENEREREM % Pk e on
(e.g., adipishllygsetitin @MbY0 MnPdigplaREor @&M‘nplé @fiayehave 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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25typical 16:9 display in |andscape format) may be negligi ble. A correct
phase shift may be determ ned experinentally, for exanple, by neasuring the
correl at iwo 20i2tdo94val ti pl e phase shifts, and choosi ng t heCphss@ 198981 t hat

i ncreases and nmaximzes this correlation. The correct phase shift may al so
be determ ned.gxperinmentally by carrel ating I | - d
quadrat ure. (e Rl RRG o Moo FchPicRi Al aORR Sk D) Pl s GOB RSN

signal , aind fidhefacheFRW cBl@ninhe agesurrRigilah@gs tiihACtgrpiided nattdnf cerCO).
corr_i) fromthose correlations. In_saone Inplenentations, the expected
phase shilpongrappraechdaestimate dalugsiargll mHehhsgwan agparound 5%5/2 ~ 10 mm”2, for

2012/ 009 eS| it . sor, or
Che. phas S RPy MRl e ePy o S AT B A pERBRE o Al ISt 1SR
expes i merdoasthyt-aneasily, ddnphiasehsiel d total capacitarek @oudd depi. Cite paradichplaem of an

exanple relating to the effects of attenuation _ and phase shift fro

resi stor -Cééifétéi“ieoé = Or}%ﬁ'{‘g“ﬂ g sompeyat ﬁ%tlha‘il thet ad‘ﬁ&érﬁo% g %’E‘gm@fﬂ%@/er al
5 signal I ) Thd £ djcags i &, based
A A e e o

seri es r esitstpandimg(tohi-3 HBdmabendyef 89 filzavherd assumicematle of thesd iesistereesond uses
a 50 othg . TO coaii ng). andta 100 kHz excitation. As shown in FIG 2,
when t he BPFYRRSES aF %?@%%’@%@%i gnal 205 is sent across the sensor for a

l'ingy | engt h offy hoacied, bdth thb BesiseiRb YRS capRitarctQendtotR| dytaBtBd ane nsdyiHet ed
and has a smaller 10anplitude than the original transmtted signal 205.

When t he ronghdy ruifornia disiniutest akong il trape ding s Felegvampls; ecaprdtagen®@dr over a

line length of 100 cells, .the r iV i i S Lfted
250 and. Hae el PRl bR B 80 5 BB e B und it U AR O
ori gi nal Hersafa$lindohipattdsb divabtal Mgt thdlend; € tHaved capgitahce2hh be Yihlst he

original transmtted signal 205 is sent across the sensor over a |ine

| engt h ofundoom eaen the tatpldengtls af (adingi Jreordpgly, insanpthes pERFEAIRASEMAK f t ed and
has S 1L ey 1L ed:si I : he

Focdfyeq el APDy RS e 08 O 4RLDRY of A IR GELR B ncfBEIC 101 or m

i ncl udes iah@taye dtand shumgbadiatange €nayd thehgventhendCf Regardiest bgth&Rappromd nmay

be described as an attenuation and.a phase shift. |If .the veform i re
conpl ex- fi@lFendQ Spanalysisy thy spegp e eg‘félg%tql%?%}‘seeﬂat?%(liené% el A dt
of the si 0 ' 0 1 QRGAGE disnd. hitdtichy
CENG) <t I (G U ATt A cTlafe Do TR ARRIRGE i AT A

t r ansf or reecldeiicfibat whetrk yhe mexdvdriven be aorsigurerhtioicompapsate fedthese ¢fifestsi gnal can

b | ex. Thi : ti b del ed d
oot cal 1y ahsommpliRiGPh: cubpdrl GRUERsRnrH (LalP R IRE R e, e
t ransf or rpdaiOdhif 6dt Ry E%ﬁpéc&dh@é@fc&n@[ﬁ?,%n& Rbfrélati®s fainsdeleai¢layadd

a

attenuation at a 25particular frequency, a linear filtering effect, or any
conbi nat ivstsierhelthe pignath d he canest delestpayrpe 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_gq, corr_i) from those correlations. In

some implementations, the expected phase shift may be calculated using the known
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can be applied to a sinusoidal waveformfor the expected correlation signal
or a non-sinusoi dal waveformfor the expected correlation signal. The
correl at iwo 28i¢med95may be in the anal og domai n or in thecdiuszeialo4zdenai n

In sone inplenentations, the system may be sensitive to the delay along the

RC | 30 t d I t

r ece: \r/tgs qﬁ% aegﬁgéj%ﬁ?ncﬁé)g glte\ﬁg{lsrg?’e l’gﬁe p asf)é Tniaét act X 1% Cllggtgv emst hat

conput ed sgRllRhdel 6NSkpedkRElly- Ralurkd plizaskifts WO

2012/ 009495PCT/ US2011/ 043937 and quadrature versions of the signal and

returned sqrt ([d6r 2 dgpiotse diagtamop yn expmple rabatingde dha ¢HERciseH aftenvatigp afdinct i on)
t h t

can be udbh it LSRR Pl R R ERb O The Sl EPELE BlorrRGart O

assugn ng sidnals Habel L@h&&/dﬁ@g@?&Vdehr ﬁr&ﬁd@lﬁﬁr@ﬁ&&ﬁagrﬁﬁhﬁb&ﬁd up@mieleltd3sn can
help to inprove the 5 i mpl ementations, if the sensor is

driven frvdirosmace vaéd@a@%gh%@acﬂ%e aeédéonbmse%%rrwféancamhwhéowg@ for
the col Umiital, kPeRaAE it BRAPY a%rbtﬁgstglel‘ff:ﬁﬁtfﬁgﬁj B 106 LESShsiARge and

capacita per un|t en th of t 1 nes Cdtual l'engths of the
| i nes, wheyghotvnan WHG S2, vd&seha:mgmaé ttahsmisted srghaleZa&Shs sanheaofsatht kastr forem t he

contacts for ich th total resist citance can be
def i ned atgle#@r\gﬁa % ptgﬁf‘ic\?’é’FQSlgP?stlﬁp ?15 ?@@Mﬁ%ﬁ%h@ﬁém@ﬁ sor can
be ¢ i venufJiameahin tfhg‘é ﬁﬂ%@nsnﬁ@éd Mat D03, hWh%:tﬁe' IRy Rehikted Bidndl205
reduced fromthe case ere the sensor is driven fromonly two edges. A

wor st - cagesdnbbebsyths bgtsanever f dine ldngtheofi 190|celis theaterivies sigunl 286 t§rrp| e, can

ar ven byelisTPrgenBeanalend i o Bty Moalpuolts a8l S huPRh «BRZ, e

Ri'2 in pftfr%ﬁﬂa@tranéﬁﬁlttécfzﬂié 21207 aftd the rddr@vedapani 2 B CWhemihekeighat tamadded or
these inpl enent ations 0 by driving the l1nes fromboth ends,, instead of

j ust one signgdl 2Q%ie senterosdHSSERACT EBH aﬁélerléttﬁﬁ]% ekB ¥y cellsfthe reseived Sigayr225 and

there ca n fact
TS e RSB ASFARR P PR Y ARE L SOSE VBl A0S il I 2t
fact or ofthéwaélvecaagbzﬁzzwﬁti]t}ewewm st@nhedt.i ng the two ends of the trace

with a conductive (e.g copper)) wire, and routj that race |F-5’F %\thg
around the sed&Be. tfansmltVﬂV orny ipglpdesierergy @t agng Fﬁqu%{t?ye tf’rcwt

300 1 nel ugh e hgme MeldiBeg ﬁttayttt&uaﬂtnfﬁaagmwalﬁonttﬁetvataefrﬁ idBodr i ve

vol tages across tines e matri X rcult I ncl udes i denti cal
copi es ofcobipdexsafe eramplu) if amniseilikheodendisaf totihaedse mImbe@ﬁ@/;dthnﬂthecslgmabl

001 2510, i e LIEm D, dentcal, evel acns B LR haneyare, s ranoec
transm t tR19eRIULnIRUERY o fithb QTdgal dah BB 1MALHARR &ifefchtly, 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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regi ster, with one output per colum, and a high voltage (HV) driver 330 to
drive the respective ITOline 320. A separate shift register 350 connects

to each swoeorfoopdve matrix, and the two shift register e®haiusg0ia0e39pT Ovi ded
with the sane logic inputs 340, 345, so that 30their outputs follow in |ock

step. WD 2012/ 009495RCT/ 011/043937 n Fi 3 hescireuit is
symretri @35 qugy ﬁtuf%‘éerfl?%scﬁ? ﬁé%ﬁgg‘i?%%rtn F% ﬁ%ﬁ(fxf/ljf—b(gzg pcfolr{—l?é’o&i S(rc\%}"{'ftehe m ddl e.
W th the apyioRBhation th gt GidcEibh ) BaPhoteiald1g e@ird@entrfor ihikegdkiectdn. Buxctohérent

vol tages on either side of the split can be equal, and the current nmay not

f1 ow acr ssmognlationednhe used fudesress thefresgivedrise HRWEDPY f factay of Ve (assuspingr r or

traces wiid ERESE s il SHETR pfpee” R Ereh R ebl B oLt ot e

vol tages.SNRut this error in the drive circuit may be unlikely to happen,
oo con békFoe ena i  brabh ISR ke vere
split, a ol \de 18 G ABidddaRs8he t hen
2 por 1 o ag P Bhe e e ) e R AR SRR 6 e
connect edesitthee aad eapasittiveped Osi leghth of plemlinsisy andithe atfiad dengthisiog theulines] engt h

f the t | i | d j t ed f the.li ld b
muich. | ongiEre Fs e, Do (e Saqas Fedrar G Foptige Povits fengemy B ¢ o
dependi ngohRLgahbicatdab R tapasieatcs 85h bd defedat ReAd G, hespe@BicBi. dn oftfer whet her

to split the lines or not can be arbitraraﬁegor this type of éérmetrical
i mpl enentiapleprentatiops, dhesensaricon e devenafrem aldoargsiges; dor Whick iRt ime agai nst a

di f ferent f Q.0 15 different . f ' j o,
accor i ng ot g Bk et B g bisk FRERP HASF s A8V R0 G FIOBRLCR, 1 o

corr el at ayikttdasé R4 eedistine fol thedeligpwaveatdions foi dRahipbs) eaisdeyr at the cefidr@f 4
depi cts a diagram of an exa[rrgl e of a circuit includi nght ransm tterﬁ and

r ecei ver $he Bndppla oitbercdges Thpoud raebe i yarsWadmss 8 alhids tofpl lengthelft i x.
Pl Gy 4 SRISASNTIRhLL 83 ifigRURP 2R/ A0C RAU! fhet0dinQ0hly b0 fghsum and

row directions. The Circul t least one transmtter 4 ach
row 407 goghthase ihphashematidng eSeiby drividgFholinadoim dbathwemis, 40%ad S ¢ost bincedd, y, t he

circuit 400 has two trapsmtters 403, 4 on ch row 407 and east one

recei ver thptmgconsiant san buraduesiy tO{)P%%Q‘Q.anﬁ etr?l&arijl\fffpaé}mﬁrgﬁ%ea%f J[hFhe

circuit ‘E%ffﬁ&ﬁleﬁb%ﬁm115&9%&&&1%&6%%6{. 410 can be received only by the
I n the wer hal f

upper recelvers. o of the circuit 400, the current from
transmtter 47260 occammplemertatonydls omfiguptionifer gansmting she fanior f Guscanbe (On

the receiver' ide, the | ] ' li.t, at the. m ddl d th t put
e A T A ot e
al | ows t whyfARsRdck @l1hd RaPro8iEite@ensdl.mul t aneously, as long as their

colums are on opposite sides of the split, since . . ,
FIG. 3 depicts a diagram of an example of a circuit 300 including transmitters having

corresponding 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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they will be handled by different sets of receivers. As a result, all the
colums can be scanned at tw ce the speed, except for those very close to
t he spl i twOTBhi20op49l enent ati on can WO 2012/ 009495PCT/ US20AB2Q489B37 al so
double the frane rate, given the sane integration tine, or can double the

of an oxanpl e BFIG PR REPRETE, 48 Bruere b of Rl Thaph ot =

capaci t angembdile. Witith the syaeebtry,ahd ealits 0nLithdGidaroRBntidag andtilid Yolabengn t he
surface of 5the touch sensor. In the 3D nesh plot 500, the z-axis

r epr esentestherddaelihe prll camberqusb and precqurigatmay Betdlavhacressahatogidregardless
r epr esent Lt i IX - : LT r.
whon tne o Saarips 8 Bralias P, P bt PR e b AE e IR AR SRR
t he pl ot fEAVIf thdeades eie/letl congueadd, sid tha g efidsl weare dfiferafoanpgotiteevdlteges. | | nes

of the matrix. The, ot .50Q shows,, for. instance, that there is_.an
exponent it tﬁlé FFOWP[L‘F WIY%%YW&%W%%&% %glfﬂﬂé‘nﬁ{bﬁhi FESHIGR Pg@ tHape

posi ti on gt e i Q@%ﬂa@fhe%ﬁg&ﬁ%aﬁ@c 1ihAGE td h 888 vailBén Phyodas@Of the

Ju
i ncl udes vari ati ongeia{n gﬁe nmeasur ed capacitance, which nmay bé due to noise
or to sonmceliher wereshht) hodén eniatcubdefent edearred sembihyere dovgthditiscelghen s .

time-divided) transmt wavef orns, Techn ques .and i enent atipons are .

descri bedj%%“ %{[Itg%{‘ﬁ%f’ {1P?,&’0E@1}E?}fie§§ ng%%r?rcﬁthrnieky ap ‘é?nnﬁ‘étga’ttﬁ%{h%"rﬁltwlg’r % and
I eced Ver Sin g -diRQitldeARE Mhd fufléngdiRbf e RdcOlite WoilneERMA oM RIIOhaEgh and
each receiver can correl ate agal nst each transmtted waveform separately.

In some iamgloéihsriings cowrld be anuehdengerthanthy eher{redhlopgerghancleadt the tptali lgpeth),
To the cusRE BB B P R A HEEREALE e BB Mo T I s Rt bl one

measur enefk cgabe AbitAry taehis 6peof sihmeirbEgipéhanatz®t i me, where the | onger
integration tinmes can be used to achjieve higher signal-to-noise frati 0sS. In
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receivers to drive voltages and sense currents across lines of the matrix. FIG. 4 shows a
symmetrical 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 a result, 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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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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1, -1], where the voltage versus time plot 665 shows that the digital value 1 represents a

voltage above 0V, the digital value -1 has a voltage below 0V, and the digital value 0
represents OV, Transmitter 675 has a waveform sequence [1,-1,1,-1,1,-1, 1, -1],

20 transmitter 680 has a waveform sequence [-1, 1, 1, -1, -1, 1, 1, -1], and transmitter 6385 has a
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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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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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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of an exanpl e (S)t]ilera’[e%lques can 586 used%%gﬁl just t%r Po%cﬁ for example, for the condition that

the screen size is too large for a complete scan to return data with an acceptable SNR and

25 frame rate. It would be possible, for example, to 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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5col um of the sensor. The nethod 810 involves scanning all rows in an
active colum sinultaneously (855), clearing a "currently touched" bit for
t hi s col uwp 20B80¥495and t hen perform ng anot her net hod 880T/ushéial43van

i nvol ve repeating sone readouts and neasurenents for each row in the colum

(ei ther sequentj.al or .L,n, parallel). .The readouts and neasurenents,involve
et hod 880 A0S L afabob Rl Sasdrkia fean§ e PhalR R RITRE 4Th: e
nmeasur engbfrafeD HIOW, Y RanHaBehbReechiRfubs RUoENE impriveeINR By baluahied” bit for
that columm (870). The various scanned colums in FIGS. 8A and 8B may have

mul ti pl e ssanang, vthdingperfonméns a/ssan of earhylavapergaan intprtace pABFREBESIR can be
hi gher 't Q%gr}%cgﬁﬁv?g@uﬁ Bhms I§t' ﬁ%ﬁéﬁ&ﬁ‘???ﬁd SRR gt ANE L%Udﬁ%)gxrgﬁi'l@&a{ugfl% nor se

i mmunity ues an i ons are descri pr ov g noi se
i MUty thake tcbRIntnsaRg tad tedhavays fante 4 6ill §geed dapaeilitems dfauldd Sesysieng
matri x. I f the touch sensor is used and/or inplenented on top of an

LCD, theﬁmfﬁﬁwd§ﬁﬂﬁéﬁﬂm§%hﬁke of noise is likely to be derived fromthe LCD
operation. FOrLaXanm}&ys E‘Hiagﬁ% 43 leaéfoa%ﬁ? %tgﬁ%&%ﬁue?‘f% oF SoE AR af Un

around 100 frames per second, and can have a sca equency that is
t her ef or draateclirsowiti Gir buteransds RO 130 030,736 baving asbiradOfrte@enty oeE208]z. or 100
kHz. This

an b ui.te. noticeable for |arge dj | ays, such f or
(1t - sor dufi- TARBOTS IR weH e F& Feflmionpy GHEs with M b Her sTreps sndour
excydati %gbifrérﬁék;ife?%nféf THhRQcAARTIG! 7 X Shd W& InkSRSOpattcd ¢/ ity thhdkef ore be
consi dered as i n-band f th |

"noise.” In sone of these inplenentations, the

excitation frdgGeRdphaowna Biegsel eltinekampleoitatsgan atttbe scapilteguénsy ohd0de dorra 25i s

or t hogon to, the L s Jdne- r over t integrati o i od,
or i ot S i RS TP Perendy P TiEe stfma BRSSO R he
dom nant FOUTB8h&s thAOhER are | OcSIGMRS pemt SRR @RBlunids pehaubiffaaRsiidtibad
waveformis an unnodul ated carrier, then a frequency pair can be selected

usi ng t heubfisrsesarer dragieni [hascay ioddSs 7R shersetn nteriaes ptermwith sdoshidl) cplnn f or
th | if i i f
S0 or e aheSEOTRES i SSELh My e o PRI oy M SHELIENTRS e

phases. lifnpldagntdGoniake 1atdbc R 0fliAE §R9eA DG HUSAMHIN0AR 93de the lus¢rehas tarhed
frequency of 100 kHz, then the scan of the matrix can be conducted at
ei ther 50tkHz or 200 kHz, and the integration period can be selected as a

L5 ISR oG, T, D08, o PHOMo 0L nseamisgaroncy
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 “currently 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 nis 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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wavef ornms can be designed in the frequency domain and then
Fourier-transfornmed, or designed using the sane al gorithnms as when choosi ng
finite i nwolzse/wewponse (FIR) filter coefficients for aPpants2emioasv37
frequency response. Since the correlation occurs in the digital domain, it
may reject the noise only I.f the digital .si | s are an r oxiqat.el.y
accurat e S‘?l%‘:ﬁ‘?cgléléﬁlfigﬂ’%ﬁ f%‘fr!d} Wiur% g?t%'ﬁ R ﬁ?l}l@%{b&ﬁo NP0t hE apﬁ&% ﬁ?)Prt R %Abc

sat ur at eggledtRe cBXaHRifoluded@BlubtHs From b ko AGIndRehekd e CaRm itht ald selicteihe noi se
may not be rejected. To address the ADC 10saturation, the gain up to the
ADC can belusiesseny fourth pdumnhetviesn ¢elumsy3 Wowdumpa. saturate with the maxi num
or hi ghest ex t nei.se d ev t i i i | evel .
Some ot her i n%f‘%nﬁ%‘%ﬁl‘ft%%? OWacgé‘%r%@o f\%%}é@lﬁ%%@e&%ﬁﬁ%ﬁ ?}s%%ragél}ﬁél? he

recei ve paufntdd thieye@sdr. e nivthaies rigvpledsayanniiyg 8l oavs ihah active dodumoi se, but
if the excitation waveformstill has energy around that frequency, then
that conpiidaneqyslyt@ed) plandng & {@ureatly ipych )Pltbf@ra’&%%‘t“éﬂ(wgymaﬁ Y ecej ver.
This can - ; Leathbha gnenthg of the signal
wns not BT b e B B o N O B Che

t ransnmi t hedswségedd e pedi fovcial thy cdlomh&vichen sequomediyemtin parallidlp Hod medouts
frequency, which can allow the s emto ymake full use of its, sm,tted
pover mh?ﬂl%mF%‘jué?’El‘?%lnf’ﬂlé(f’ ﬁé’ileé]é‘?‘y%{prfa Fﬁagln&%‘? Blﬁﬂsrlﬂ,reni‘?ntsc ﬁr%‘@’i}éﬁgglﬂndilé t he
noi ge fraQuUROGHrehRnkRBMBW the BIVNARE QottiB itk Brehly BRBRIRIINOF 8t &ASEn T Or an
LCD. For instance, an LCD can run with-a constant pixel clock and constant
tim ngs, (§70epbndeitus sfannhé celimnn i HIGS. B andBlx may gavel multinle seas anddlain| e

the input signal to run within its i nal. ti.nebase... But,ol £..1h 0j se
freque ncf/ec\?&}é’gd %Rﬂé\ﬂﬁerflglégaéﬁ’ﬁﬁ%’tbf%p %i\@{r%anr %ealggﬁefr%%arn the gM{ %5% 1?rlgﬂa'ngecf(i:%s sary
to reject some other narrowband noi se source fromthe environnent, then the
i npl ementations may involve selecting the transmt 25waveform adapti vel y,

according to the spectrumof the noise nmeasured on the receivers. In some
i npl ementTeanseni¢ wavefersn designifor naisedmeaunifly a t ouch can be sel ected

heanbient norauty B9ahdid FpBRERu P Stubotef BESUIEERIR RFpuTB IR, L

i ncr easeganamtted havifoke forthe caacitive tdugh eersivg matfial se t ouch can be reduced.
30FIG 9 depicts a diagram of an exanple of "noise” a n_output of an
ﬁ%i@mﬁl dongant

anal og front &ie fuch Renseyisierd P Srapirsptag o PBRL :
di agram 900, Mc}f%ﬁg liggyt?ﬁ B0BL Sy frdtn thAQ.E9 %ﬁét@g% %@éﬁ%ﬁ%@%}t@ﬂﬁ%ﬁ?

vol t age wavetform e voltage noise versus tine. The voltage waveform
915 i ncl haesaratind HHEOK1@0Acpizelslichn ven arompbH¥Nframesgpes sepohdsandcae bayomkemt 920

correspondi to rapdam. noi_se sourc and a, mnLstic. ent, 930
corfles Bo ﬁ%ﬁﬂﬁg‘f%ﬂ% atﬂwegéf%raf‘?’glﬂt(ﬁo ﬁ%@?%@hgﬁbgE]‘B%sz’%wle)ﬁ@%@ggwg%’%o
i nvol ves nehers akER chi QéThﬁtegﬁdﬂé}eﬁ}l@ﬂ)r%@@Hisﬁl]ca?f lsGeh ésqoﬁﬁﬁts@fe%n%lwiﬁgﬁ@m of

an exanpl e of noise after "denodul ation is perforned with a good sel ection
of an exeid Rrgomomitref Shimcamhecldiaigrtherexciigtors fiequsney oiihe tanasitive 181chf t he

recei ved noi se vers tinme. The y-axis of the.waveform can be in
ar bi t r ar SR8 &8¢ gﬁe&?ﬁqgee?eocoélﬁldgrﬁgaﬁ) HBiRd “ngjse _anI ¢ eroe!]fq%f%leve value (i.e.,
the SNR) _iﬁl?l_eﬁféﬁ@tiéﬁi i dxeftaion TheuBRIySRn dpREEEd Widhihaiahe/éwithlieh waveform
determni stic structure, and appears to consist only of the .
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 f
30 and 2f can be orthogonal over a period 1/f, regardless of their relative phases. If the LCD has
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10 stochastic conponent 1010. The magnitude of the noise is small (e.g.,
around 4 counts Root Mean Square (RVS)). The di agram 1000 i nvol ves noi se
t aken frowoani2nosypl e of neasured dat a. FIG 11 depcttts2@10i3gr am of
an exanpl e of noise after denodulation is perforned with a bad sel ection of

h [ ' f T ' 1100 -sh . f 15 h
rocer ved Spresd BFEIEC bR, A BRI RR VT ke AR R 02
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the ali a%&’F@#S%Q@B@h@SE%’FGE?%ﬁle e%llﬂgrﬁ']g%nﬁfm %Inﬁ él’FPOIﬁ'Ithﬁlr n%@%ﬁ lO?t ion. The

magni t ude o € norse i arger e.a., aroun ount s RMS)
thans i N FeSigndusinghibe darag algorithhGihsiwhenlchiessimpfisies ihgkitsa résponsegiTRx@lg| e of
nmeasured data, FIG 12 depi fts a di agram gf a exanﬁl,e of a co rﬁl atjon of
noi se fr EQEdIEpIsIghR RATICRIRE TERHENEBHIFPAREe ALAFE BFOIERRIPH PEGEHT 18R ig8R od.

The di agr, maﬁg%n%%\é}ﬁt ﬁleﬁfloﬁ%.’olnh}q? tﬁ’gadiglftﬂ rsigg&l%]a@ fa ?@(ilﬁﬁt@éfsa‘cgﬁfafeel ation

bet ween the ndi se excitatio requenci over an 25 1ntégration period,
wher e t haemptdntation ofi tiecmslo@urrtitantydbelrosx cif tlat ADR saneaes fiai exsmpbg thenat t he

null's 1210, of, the veform 1215. The y-axis,of .the dia m has n

normal i zé S'L"Yiuélo‘{/}éﬁvﬁﬁ NN a&ﬂé’lﬁ\fﬂ%gﬁ QOHRS TR & bﬁﬁ@e‘gﬁ%i Jlr%gﬁﬁcgﬁssfqﬁ%ég)gﬁci es are
equad - | RafubReionae feliMplid Hoe ADIERVeTRofdnad WRAEN dobivdeh kibds nd@RekutAewith
integration period s cycles of excitation frequenc I n sone exanpl e

i npl enenttht inexisnumn os bighest CXpegted eloise lwebmds@emaxbnm@bgig@eﬁ@ig@el Bodan be

generated duri a parrow slice of the ful r i Fay NS wafor
O e o o A Rt Enetnab Mol tlalif g MRolth Pl fi%he LISLERER A [ O
us of thatjetBe ABise MEyRAEY/ DRIY42bRICHE H2001st! BIAIOBE ckditmien whieformatil @agray
appear in the neasured capacitance inmage as a particularly noisy set of

col umms s artiadithairednencyi then dhat peraprusyt efdhe ransmiied ek ingly Regrighsd can
oV, W th n(h%_%%ﬁlg’glfp aflil A6 ednr%gtetP%Iax?er %;gé@eﬁ% ?ran%ﬁit{ ?%cgﬁngt%iefnr SIHEHENal

bet ween tHe rame rate an & Capaci tive touc r's frang rate.
I f the LGRsadutibwdh Seaesiernaties niepantatyors Intgkdedign ttlietnarishéttatidignal col ums
can be statignary. If the LCD and touch sensor are phase |ocked, then the

| ocat i on SBFCitifrByEo HBYSHO EUPRARTE! g ghe asq ngy, Sgpich£3g 2 Y Bt can be
hal ted dypingfiiad of i RansHikedt JPWEr St R ibotindeRe faise the availabl e

i I
integration tine, %uﬂtt may 1 nprove the Wt%rst-case noi se perfornance. The
syst em can be Huh#siedpproadhed chy be osefiddf thagrotie fiequdngy iokitaven in@dvancpi whichcl ock

o O 0 R0 i 2 e L B Sl SRS,
I '00king  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 ambierit 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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at the measured data, and identifying the highest-noise colums A control
system can then adjust the frane rate to place the highest-noise colums in
t he desi rwo 20r2/to49get position. This techni que does not Phaws2410/03982 a
connection to the LCD nodule. Sone inplenentations may transmt nultiple
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3.3V, or slightly higher), and 30l arger touch screens (e.g., around 15" or

y , . .
| ar ger diMepor¥duadi RPN ENe dagrampldda b odves waise 1aken Groy arf eranwiaeipheasuRdcause
the SNR c gapscal e with voltage, sone inplenentations can WO
2012/ 009 CT/ US2011/ 043937 i nprove the SNR by having a systemthat
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i niting wilea badselectipe opthefexeiation yuyefosm. giie disgamad | fshoms awatsdrm ijlelé
signal w NoL Se- 1. 1.de [ ' ; t he
e T S

m cr oanpsinith as inek@m0 e Thd hoise ithe envefoan 1HeS imvolves alsast hemaddigvd hr eshol d of
sensation, which can be around 10 mA at the frequenci.es of interest.

Because tREPOAFIESHOIRFIBTICORPIRFIEFAFEP WSO WRIIADY R ROMESFS: 488 2 he
sensatio i i : hat t i Yhd O
Bt e s i R o e oSSt el
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measured data.

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 557,

120Hz panel, the broadband noise may be generated during about 150 us of that 8.3 ms
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a small nunber of colums, then the average current is further reduced.
This can nean, for exanple, that if the user is touching 3 colums in a
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frequency is not known in advance, then the noise frequency may be measured using the

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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connected in series to a capacitor Ca, which is serially connected to
resistor Ra. The second anplifier ICLB has a non-inverting termnal 5
connect edwoaotm49ef er ence vol t age VREF and an inverti ngCramsndinai3og?
connected to the resistor Ra. A second feedback capacitor Cb and a second
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in large displays, for exanple, where values may be in the hundreds of pF).

In some WO 2012/ 009495PCT/ US2011/ 043937 i npl ementations, the initial
t r ansi npdiutiea frpmit endan be chosen | arge enough that the op anp's device
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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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15as the capacitance of the ITOtrace lines in the sensor. O her paraneters
i nclude the excitation frequency f (or a center frequency for a broadband
exci t ati onoogrmb495e. g., pseudo- noi se sequence), and theCeAsect Byt al
system noi se I n, which nay be coupl ed fromthe LCD, in units of current,

and can be .r.efe to.the a en t hod ol
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instructions can be encoded on an artificially-generated prOﬁagat ed signal,

e.g., a e rfée@@ﬂél’ealﬁ% Rbiiggemrieelatl belgysen i invatinginget egpaghe iieasi gnal |,
t ha | S e %%aﬁﬁo?%osggoﬁd%@@% i@gaf or transm ssion to suitable
a

recd ver or €execu ta processing apparatus. The data

processi ng app[afeamp&nmyamon@w@ E%c&eﬁslode a high-quelitygiute afaldgoisendor, nmay
be a part of a systemwth the sensor, may, be integr ‘Wid Wlthl{'l t he
10syst emush/brasapliiers. nhiyis penfiparatiopran %Wérﬂ%e Inpyitpdlaes YRV §105e bhhonent s

and/ or | qg}, 6, ASAR! é’r{deé;m%ﬂeﬁtet 4 Q%Qagftaﬁcg 0 ERGRA.Y &I BIRNDAOR row of the

il
transmitters, or ahy conbi nati o%m her uter storage medi um can be,
or be i n@bn@@danbeccmneaerd)mthe inmpaa Béb | "éhlsd@mg{gmayibvad:l@nmmpcdmpelamphﬁeadabI e

storage suhstrate, a random or i al ess or de or a
confl nat |"6‘ﬂ‘ ‘it?? ggmdegie drigran tlyﬁ[gﬁnﬁl\%[?g[g\% ﬁgﬁ%ollgo@g‘ Strggar oarsaf‘(fj‘e
medi um i §,f0f1d3, 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 intégrator drift on the input. For example, with an excitation

frequency around 100 kHz, that time constant may be around (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/Ct.

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

35




15propagated signal, a conputer storage nedium can be a source or
destination of conputer programinstructions encoded in an

artifici avbyepanerat ed propagated signal. The conputer PCOABE 1LOEIBUM can
al so be, or be included in, one or nore separate physical conponents or

media (e.qg., mult.ipl I sks r ot her storage devices)..The operations
doscr i bedttpismieio G sk e pehnChiif briiet P R4 sHE willEe

20per f or REmPY RvIEB1hAisE MARHS chEhl PRGN IBInARe fatiRersdiuRtare msihéficnt nor e
conput er -r eadabl e storage devices or received from other sources.

Vari ous &p@aﬁ@ﬂtﬁ%ﬁ&,w@bwsm{wi%d machi nes for processing data, may be used
as a "data pr 9% Somé ﬂgﬁplgl%&?traﬁ%ﬁés]{or ek&ﬁﬁllédﬂlggeaé,(e Wotﬁér XL Paffifier IC1A
programuabl e processor, a conputer, a systemon a chip, or mu |pﬁe ones,
or conbi |r¢a1t1 betr, madh impertdosREed cithoisEhendatdpetiad the sgstam| sindautiet myeds al
purpose logic circuitry, e.q,, an FPGA (field, programmble gate arr or
an ASI C @EpbIlird hy r&esergasrp@%amﬁéiqr At Er bt e crreli o) dorge, bsda%f%eseﬁy ')a| SO
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.envi ronment tor the conputer programin question, e.g., code
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di stributed cdput4hderdetd adlomddisgramuafiangxampledet daggningesiront-end ampdidighut er

program (al,so _known as_a progr sof t war e, sof re Licati i pt,
or code) ("&‘hhapé’éomet Yai‘hesioﬁ C%‘%\?&%F ARAfesiatgs i%#a%gg“?"aﬁﬁ‘@%&ee?ﬁ?dﬁ@ﬂd%.ﬁ%
conpi | ed d@dpr&th N460, Pariders aROKRIRSdesded tod] FhinvE, iawHiElogeduitatad iguages,
and it can gbe deployed in any form including as a stand-al one program or

as a nodwsheaciteenvpakiie foalispenitnerCin sbihe dtput of the emptifieh whichrep d5Iedelsd use
In ?5 con uttll%enc% & rft‘é}aéé’&”[ﬁ@ hf“O "?fageo ARG & LRS- A @tl{@%aragﬁ{eryﬁgf&dg
osporid 1o B T a yst

cor ein ile’s em program can be store (ajlien a portion
of a fil extikaionfagdsncotiiiera gantgfaauemy foied Broadband exdtationsignel; e.gs psépips
stored in a markup | anguage 10docunent), in a sjingle file dedicated to the
pr ogr am iNeis§ geaenes); ansirthe ﬁxﬁ?ﬁ?egit‘?fﬁlgg’é@&%ﬂlﬁ‘?a%e‘ﬁh@ F’é‘gbf’é?@?q?g%rp t hat

Bt oar am G T R e i tiplo
conputers The method involves choosing a C¢ comparable to the total input capacitance Cj,

20 (1420), and choosing Ry around the same impedance magnitude as Cr at the frequency of
interest, e.g., Ry = 1/(2*pi*f*Cy) (1425). The method involves choosing a ratio Ry/R, that is
equal to the desired/target gain divided by the first-stage gain, e.g., C¢/G (1430), and
designing the first stage with total voltage noise V, (integrated over the system bandwidth)
such that L/(2*pi*f*G) >> (Ry/Ra)*V;, (1435). The 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 Cp, = 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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that are |located at one site or distributed across nmultiple sites and

i nterconnected by a conmuni cati on network. 15The processes and logic fl ows
descri bedwDreotdnios49speci fi cati on can be perforned by onePOT/useoia/043937
programmabl e processors executing one or nore conmputer prograns to perform

actions b erati on_i nput..data-and .generat.in ut put..  The.pr es and
| ogic fl 8%@%& O Ors%%nﬁg B’é’&f %frtgr%‘H Wf%ogﬁ’aﬁngsp%tatb%g’d’i“ig‘ﬁ % (i-egg%tgedilrﬁrp 1%ment ed
as, speckgdcifiatibR s b erfénte€diis drg,or eadde cordputbiisedefabisel &, feagmasreabl e gate

array) or an ASIC (application-specific 20integrated circuit).
Pr oces s or®dyles vhpomapYter e ganeinsiEintionn eagodgd e spmpaier ferge spdivwe fiide, by way

Y e S e L g e

or nore processo _ nera a processor
W | |5 r eceddieion,nbé %ﬂ&b@tdnﬂﬁﬁtrﬁdﬁﬂ)nda&rﬁbé ¢eoial sreadardfibivillyrgemaryted propagaediom
access menory or both, The essential elements of a 25conputer are a

pr ocessoFgnds e-ﬁeﬁﬂ’éﬂﬁmmgge%fﬂeér?éecfri‘?ab@EB%@EH@@WW%W&SF&P@Eitllfﬁés and one or

ror e "Emgéyﬁr%@a}oc&ﬁo&@{nf%h%w RLHEOh A0 SuiABH €A agﬁﬁ%ékd%mamon
conput er “w al'so 1nclude, or be operatively coupled to receive data from
or transben ddatmotessing aprodths. ‘Binedata prooessingmgparstus magyendadd the serfsor, nstyor i ng

data, e.g., magnpetic, magneto-optical disks, or optical disks. However, a
_corrputer%ﬁgé‘aogf% SHEVE BHCH YRR S.ysf%}gg e Se?%ﬂ‘ﬁ%i’%@%ﬂe%gﬂyﬁgﬁﬁedded
i n_gnot heys 4 Uh&Br seis&; maf bEBRIt b rdcehERNPARMIRrPREDBAnt AT/ éabgidsSi st ant
(PDA), a nobile audio or Vvideo player, a gane console, or a portable
storage dswiietd(vdtlythe sensanpvtbe sekiveia®nd (1 2AODLILISS PR RNYSRODINaYAB YBTede A al
bus (USB) flash drive),.to nane |ust few Devices. suyjt faor_.staring
Comput or CRPBGELIFES TR SO Ak bSiae Rl Rl o qE RIEE e St e |
nenmory, EBgbateARAdAMEBLY ol SMbsEatk, a kaRlbidirnigridllacvay neinoex ai® 6 &idecoruluct or
menory devices, e.g., EP EEPROM and fl ash nenory devi ces; nagnetic

di sks, ecgmbinatiemphere aianare af Swrm. dYloseergy wbilea SHMBWEE sioragn BredlUgpisIOhR

di sks; an d. DV i ~Lhe. pn ] B n be

su p?ﬁs enefk ? @ gg%g&]s\{l §ﬁﬂi %&%@%@g@?ﬁl}e dléﬂ%‘e%a?’éﬂ%%?‘%% S g H?%%’?@O circ t%u?e?

‘(Ij'o pr 'O\t;i gﬁ)gfr@fl rillilsﬂ?ﬂuetlicﬁfste;n(*)dsﬂe‘dd'iﬁ bn artifieéilly-gentrattid peoyagated sighal. sihsjcentpurat t er
escribed in this specification can he inplenented on conputer having a

i Spl ay dWEsAnedBug Can BlseRe: Ot B8 MU TP IE OB 8)OTFOPRRES RSP SPIRTPER T

di spl ay) s %Cér ,mﬁlggle@ﬁgld@/(g,@ ok Qﬁof%leid@{ﬂicés‘?. the 1lOuser and a keyboard
and a pointingdevice, e.dg., a nouse or a trackball, by which the user can
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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provi de input to the conputer. O her kinds of devices can be used to
provide for interaction with a user as well; for exanple, feedback provided
to the uswoeemob®sany form of sensory feedback, e.g., PCIasbkorfieexdbBack,

audi tory feedback, or tactile feedback; and input fromthe user can be

received in an or Lncl udin coustic..spee or. tactile .input,. In

addi t | pn,en‘ﬁrof%élmrp&f‘hzc‘?avﬁnpm %F@E?%JW‘%“%%&%%‘%PWfaété%Cg?fﬁﬁ YRGB s to and
recei Vi NgedRey mitsutéd &impsutie\ahe erif Ratplingizedstiynirle user; for exanple, by
sendi ng web pages to a web browser on a user's client device in response to

request s receivenfuteapregramyelso knewis ay a program, spfiveke, saffveare perlicptient i on

contai ns_many_ s ific i enentation I . :

const r ue§HY (fricﬁlgg)actap%ﬁswrng%ntlﬁgnys coé%leOfg)? 5%?%@%“}%1%@?& g?l’ts.l B%iwlgg%\%\ﬁgﬁednoary be
cl aigmed, ifethretél Rhfeieadedlantnd pi protaiuedl 1fngaiges emddpenitel deplogedar dnycul ar
enbodi ments of particular inventions. Certain features that are described
in this &yesitcledieg ave sAnd-pene BIOSEMRR Olpts ABPpRHEIOTRRBYH EMUEINEPIshOS be

i mpl eren . . . i - . . .

Foat ur s TP Bt T o B b s
be i npl ementedespondna 4 filelie adidbgdicre nA pragparcat bt ytood inm partjonsafiatfdb et
subconbi nat i on. 25|\/breov§{a%aoélthough feat ures may.be descri bed above as
acting i HOlePthst ArOgERR &40 OBIIORE THIPES SEPTEY I3 BRHE 130288 h, one or

mor & f eath&ﬁﬁenfg, " F1EBHiGRTPONAL HRBrdRTh dRsthTBr FAREHIpREGBIEhAGH from

|
the conbi nati on, an%nglﬁe claimed conbi nation nay be directed to a
subconbi fidsi(e.g., filesvhatisaire one af maresudxbdesbiubaptiograms, or portions of co@)mil ar | y,
whil e operations are depicted in the drawings in a particular. order,. this
S0shoul  HEPBEDGRG SrTisaeae YRRt PTG Ehar out e e droFdndUpd Bkt rea
in the pafk heUbsHiePAtPRE sROMMIstBIbulc 28RSHBOKIPR! iRk BT int@Eorinbeatd 8Y b
illustrated operations be perforned, to achieve WO

2012/ 009495PUNicASONMU3937 desirable results. In certain circunstances,

I 1 Ki d |l el ' .bg . ; :
Cepkati on of aPrarees gt BRRIERM AR ey N ETE AR o EERNE i WIS

shoul d ngt nfee %@@ﬁhﬁﬁﬂﬂ@pl@‘éesfs@x@ Wikedufiglg SUE br Befeadoatputsd praprahb teepdvfadinnent s,
and it shoul d be understood that the described ﬁrogram conmpanent s and
syst ems @eiPI5HEPeREting opénnuh ey pad SencrBiREtoNEIL hheDIoresteanddpEigdlons A duct

or packa [ t : Thus: ' .ar
enbodi rre%fsg b&ris E{P%{é@ﬂésd u%{’)é@% é@gﬁ@%&ﬁ%@%ﬁggﬁie&? }:erdi Sé%%%% }ﬁg?&égﬁg%lgi ment s
are Wit hichictitrg, sg.omeFPEGAL (fieldf jab graminrdlecdand meay) onas ASEC Caplisatidnhspeaiici ons
recited in the clains can be performed in a different order and still
acht®ve agggrﬁfggpgcwggm ts. In

Processors suitable for the execution of a computer program 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, €.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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10addition, the processes depicted in the acconpanying figures do not
necessarily require the particular order shown, or sequential order, to
achi eve deeizneylogsosesults. In certain inplenentations, martise@skoudsgr and
paral | el processing may be useful. What is clained is: WO

2012/ 009495PCT/ /043937, CLAIMS What is cl ai is:. .5 1. A
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and colums with a matrix configuration, the nethod gonprisﬁgg
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n i$ an URkegdgneto-optickSdifl@; hif ODROMAMIJRVIELROMIdisls. allegnsaguenad taf t he
first scan to identify areas of the sensaqr that experienced a.change in a
capaci t afeaory 64 e supRlemsnied by} eiReorporated in, spEFiRlPUPRSE RESEETHRY of t he

areas of the §803Qfad AR i & dd:NenfQRRGES bRakELLAGARRE ULARRE kO

i nform sel ecti o a ol 'umms upon ocus a second and
subs eg u etltcijs syeaifica@dditican be inpbememitatigort hepnspiderdtavim ach$plapndeviel egt, e CRDr t he
second and subsequent scan, wherein the first, scan. is assocliated with a
Tirat moatiodnent Mook (S eaEBhiSBemnmPu EeOp iRl ER e PHnSH ee i
meagur el o ¢ QWA Bt ald e pRRNERELOE o bses usdkran) ich At SO
de?@rn1gﬁﬁgagggargégwg?gna(ﬁleveﬁﬂgﬁﬂ %’Eg?gg IevgﬁiforJﬁﬂgﬁgeconékiggh;

det er m npruyide inputge thesiogpaitert Othmiksmals pétledgesanau be used to provideior éxtpiagliony an
i nt egr at

nheorat o P 28,00 ATLENE LRSS A5 AIBLOSAERER AR 2 0
measur englibackde.g., visual feedback, auditory feedback, or tactile feedback; and input from the
user can be received in any form, including acoustic, speech, or tactile input. In addition, a
15 computer can interact with a user by sending documents to and receiving documents from a
device that is used by the user; for example, by sending web pages to a web browser on a
user’s client device in response to requests received from the web browser.
While this specification contains many specific implementation details, these should
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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2. The nethod of claim1l1l, wherein the first scan conprises:

determ ning a signal level and a noise level for the first scan; and

det er m niwgQ 2012/mp496t si gnal -t o-noi se ratio based on t he psirgrsad11ioessat and
t he noise |level determned for the first scan. 3. The met hod of

I 2 h h 2012/0 43937
(r:eglelm Vi nSt é‘i%B]ﬁngita oinu{t II{‘W%‘FP gfﬂsesg%lg%skm and %PI? %Iésy%g%%{ m ning a

si gnal  Wadvanthg8h@N MoreOvedOths Sepfadidtion off h@ﬂiodsfsyftbmhﬁﬁlpbhaﬂs tofte 8MBOdImehR- Noi se
rati os associ at ed with the first or second scans by averagll ng the signals

t hat ar edessybed/apve ghoulthaotherupdensingd 86 sesiviringeainl separation imall ymbodigicnlsd of

claim1l, d to be at
about 304’_‘(@&5“{? gﬁehgdeg%}?gdn%léﬂth éd% C?g%g Jt}??[%nfsmﬁggggltén&%lﬁ% interl ace
pat tser n gewpdllyssintbgratal topetherian sfrrg&msz)fmade prododtwmpsackpged mwbfnoklipls wher ei n
a latency of the sensor is about 120Hz, and wherein the row to the colum

capaci t afiBVaroEyESses a fringi ng capacit ance. 5. A nethod perforned
by a data prO?ﬁé§?%cﬁl@?%ﬁ&?‘lﬁl€ﬁt§%@%e% C%Etffbr%a(;@lp&ﬁ'dtebéfﬁ)eaOmﬁérsensor
t he sensor conprrsing trace lines arran inrows and colums with a

mat ri x cembbdjureatsiaonywithinghe sﬂopamﬁtﬂaé‘olﬂxg)vmg chngedneeme C@&Ssth@facn@isuﬂm‘@,d

where n [ s_an 15integer, .the neth C rising: nt i
conduct i Hyth SCWW%Pa%%é??r@FmE%W %‘%%fell?g eg%chﬂ%lracggmm g Xrbam tive
tough seng@ifiod, "L‘h@]{)‘kobé&%&rde?fb?edﬂﬁttﬁeeic@ompanymg Hsirbddé H@ﬁfeﬂ@sﬁéﬂ? r@fneiad ed as

a consequence of first scan to identify areas of the sensor that
exper i enpsﬂcalattbldnlgs’ﬂowm, sfequmxahgrd@apa@qhnwci@smtb#ereﬁwltmdn Agftaipaci t ance

ZOConpr|S| a_capaci fro toac

det ect | oﬁnﬂgmfﬂté‘g‘gq ﬁgﬁ&t‘rﬁeﬂ éjr%%fr)wf’lﬁ)g?ss%%pe i enucsggiJ Ly Weh%g Sart%a}élglgﬁs t he
capacitance to informselection of a subset of each of the n sets of

col ums upon which to focus a second and subsequent scan according; and
scanni ng the subset of each of the n sets of columns selected for the
second and 25subsequent scan, wherein the first scan is associated with a
first measurenment, wherein the
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second scan is associated wth a second neasurenent, wherein the scanning
of the each subset of the n sets of colums conprises: determ ning a signa
| evel anowea 2ni@es9sevel for the second scan; determ ni ngCa/usargey3osi gnal to
noi se ratio; and WD 2012/ 009495PCT/ US2011/ 043937 determ ning an
integration period to achieve the target signal to noise ratio by utilizing
a function that is an average of the ?J 8@9 nmeasurenment and the first
measur enent, and wherein, for each s€ col ums and correspondi ng subsets
of colums in the n sets 50of colums, the first scan and the second scan

are condquQQSQg%Hﬁgdq@nnen0|ng scanni ng on a subsequent set of columms and

correspo col ums. 6. The nethod of claimb5, for each
subset of the n sets of colums, the nmethod further conprises: scanning the
subSet of colums in the i ntegration period; obtai ning the second

nmeasurenent rel at ed }ethb@peifERdYyINRkSprotesking app@ntudbssbbigtedwiiged of
colums, wherein the second neasurenent is related to a second

measur emestecilioe itaust ssisghahe seaserioswrisiagitigce lines arranged ingewe Apg pOIHGSHEDher
t he subset ?%%go g¥m$u%rﬁe%1 dﬂi %1sﬂ% have at Ieast_a m ni mum

155|gnal m ni°hg, on the basis of the second

measur ement - desiduetingh GRa lscatndnmdlag s¢amiing, thamﬂtlﬂnas of fhe caeciivg touch sensor
measur enent - derj ved signal-to-noise ratio is | han t he m ni
si gtPal - t & #ivinteslagepatisry, grhergin the pledaceatiey) inphyee 5 sfigne, wherein the r%na%n

det er m 0, L%, P SEORYIEASHISTR R lfidped s gnal -to-noise ratio is

| ess 20t m ni mum si gnal -to-nolse ratio’ for the subset of colums,
per f or m ng anatihg infsmanionfgehdreted ubs evnsefiuaob ufiths first scan to identifp bteas off thg
anot her neasurenent relggé to.received S|?nals of thq»other scan of the

subset ofensey hahEpethge e @ cRACHREE FFERB W IhA Co B Yot her neasur enent

of the subset uQBg the detection of the areas of the sensor that experienced the change in the
15 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 and subsequent scan, wherein
the first scan is associated with a first measurement, wherein the second scan is associated
with a second measurement,
20 wherein the scanning of the subset of columns comprises:
determining a target signal level and a noise level for the second scan;
determining a target‘signal to noise ratio; and
determining an integration period to achieve the target signal to noise ratio by

utilizing a function that is an average of the second measurement and the first measurement.

25
2. The method of claim 1, wherein the first scan comprises:
determining a signal level and a noise level for the first scan; and
determining a target signal-to-noise ratio based on the signal level and the
noise level determined for the first scan.
30

3. The method of claim 2, the method further comprises:
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25col ums to produce a conbi ned neasurenent that has a property where a
signal-to- noise ratio related to the conbi ned neasurenent is higher than
t he signavetormode®e ratio related to either of the neasecensneiz/0af931 he
subset of col umms. 7. A nethod perforned by a data processing

apparatus associated.with.a,3 agitiv Quc ensor, the sensor being
| ocated in a g%?gltvg}%sé%}?%srﬁogf}ﬁgﬁgtpqnﬁ ﬁ(i’oéﬁéé%/nsst%fdsdi spl ay, the nethod
conprising : W2ihdQ0R4R5 REh/AU5RAL1-AARORo dei & i niganahe sigas-tbmeipeency

in the capacitive touch sensor; identifying that the noise ,fr(??uency
is a funtatiosassesiaedryithyilie fies opFecond s¢ang by averpging e signaky thgt arg prgeived for

getern‘i ”{hg%gét“an%‘é;o&ﬁtsk&}{l. frequency for the sensor as a function of the
et erm ne nol se frequency, wherein determning the excitation frequency

conprises: selecting an initial excitation frequency for the sensor;

conputing a cross-correl atiagn between the, noise fregquenc nd the initial
exci tation fréquend}e BIstod ol claimdgheiesin Fedpaldo whBreinine ffamedfmput ati on of

the crosg;Gont&l BldeQPabout B ‘F%aﬂlﬁ%l}?é sglggﬁm@s & Mestlhbkg BYef AhleM the at | east

one peak and at |east 10two S; sel ecting the excitation
f r equencintérbice phiters eowprisdsyl 6selumptsi peg framt red denbynnstpepsubiiame; wbewgid s i n

the sine:like vef or m, and Lgnin he. det er m ned citation frequency to

be a samFIC¥ QhLEKSGNINL ig é’u?fgd ﬁ%‘gwb?retfh@e §%Wn§c@88§‘§mq C.ap?i%@n%e net hod

of gl ai %gm%&&@@%ﬂ%hg@aﬂh@h%efrequency is within a range of about 30 kHz
kHz, t [

to about 13 e capacitive touch sensor conprises a maxi mumtransmt
vol tage of about 200V, and the capacitive touch sensor is configured to

provi de a current to travyel .thr h user that |s . ..0f about
tens of microanps. Azrﬁﬁt.ﬁlﬁgerﬁ%rpﬁgg’%oaf%g %rloﬁ%s?ltagvz\lﬁ arr%tlgga%sﬁ%&cegg’é%{i ve touch
Sensor Ceimkitise Sowrhise@otl, thhsnbitRhipaisig tidoe lingt diededdintrbes asdoglumas ngth
denodul ating a waveformat an output of the front end interface of the

capaci t i gendiueoniiamion, thameluging beme aiavesdssm ShrfdcPigys aere nisan
ﬂ 21353;3?]83_tgéeﬁtthe?%eﬁfodtcgﬁlpﬁgilnﬁ.e frequency against the initial excitation
sequentially conducting a first scan of 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
20 comprising a capacitance from a row to a column;
using the detection of 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 according; and
scanning the subset of each of the n sets of columns selected for the second and
25 subsequent scan, wherein the first scan is associated with a first measurement, wherein the
second scan is associated with a second measurement,
wherein the scanning of the each subset of the n sets of columns comprises:

determining a signal level and a noise level for the second scan;

determining a target signal to noise ratio; and
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2510. The nethod of claim7, further conprising: nmeasuring a | evel of noise
in the sensor; and setting an initial threshold for detecting a touch
froma uswo20f2/ob®5sensor based on the | evel of neasure@#Cmaise@1/08P31. The
met hod of claim 10, further conprising: continuously nmeasuring the |evel of
noi se in the sensor; and. WO 2012/ 009495PCT/ US2011/ 043937 0Nt i nyousl y
adjusting a thres hg‘?tﬁrll?li?}?lgcf‘gt]]étg%ﬁa &nP?{éOdtc%&S 1e¥?%‘ﬁ19%rﬁ63 Sll,%nglr tOoI%O?Ste%Eétlos egsor
based onyfilignd &Y¥@&lctioh tRORIAnNMEMSE Yf N8 A6dHNE GndadireMent and the iRt mEhwrdé@dnod of
claim7, further conprising determning a plurality of 5orthogonal

exci tati&md waveforns for the sensor, wherein at |east one of the orthogonal
excitation myv?lgr%{nﬁorce%% %ét%?golh%s 31% &5t %?orﬁfﬁ?(ﬁj%%ét? B {dIGAHER He n sets
wherein the sensor’is configured for si MU Aneous tFansm ssion of the

pl umal i t yf @ludnd, liegbnedcarxad thetseamdweaeiro corductddefore commencinghe@meaing dnhe
plurality of orthogonal exci téalti on wayef or nms a]ée all orthogonal to the
10det er nf Aeedsnt &t of eefymns gnd corresponging Wbsls ALPIWERY or med by a dat a
processi ng apparatus associated with a capacitive touch sensor conpri sing
rows and colums of trace lines arranged in a matrix configuration, the
sensor bei ng bocat &he inethadsyf stagmSc tirpadlsiubsetaf thequsets aropbinais, thespdtbgd  t he
15met hod c?\%gri sing : identifying a noise frequency, generating an
exci t at | FHPRASURRSSt 0 transnit across at |east one of the trace lines in

thegsensor, Wagh&inD thh&ibsA G baluhRS invBXehesMibspafiaer at ed such that the
excitation waveformis orthogonal to the 1dentified noise frequency,

wher ei n t he erbfainatg the sevanéhepmremenasletedtte teceiysd signalh af thasraneofdhe syhset
SR S BRSO SR G SR RIHEI L
signal-to-noise ratio;
determining whether the subset of columns are configured to have at least a minimum
15 signal-to-noise ratio;
determining, on the basis of the second measurement-derived signal-to-noise ratio,
whether the second measurement-derived signal-to-noise ratio is less than the minimum
signal-to-noise ratio for the subset of columns; and
upon determining that the second measurement-derived signal-to-noise ratio is less
20 than the minimum signal-to-noise ratio for the subset of columns,
performing another scan of the subset of columns;
obtaining another measurement related to  received signals of the other scan
of the subset of columns, and
averaging the measurement and the other measurement of the subset of
25 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.

7. A method performed by a data processing apparatus associated with a
30 capacitive touch sensor, the sensor being located in a system comprising a liquid crystal

display, the method comprising :
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in a frequency domain, specifying an initial excitation waveform and
converting the initial excitation waveformfromthe frequency donain into

t he exci twDi2ore/one9ef ormin a tinme domai n by using a FouPCemUSRe1a08398T m in

t he conversion; 25and transmtting the excitation waveform across at | east
one of the tr cte l.i nes. . 14. .Ttﬁg net hod pf }(l:lai m 13, further

conpri si ng:  nESETNPRE P9 §IUEHEYB; eecaipﬁmﬁ}ﬁ% CYENEOP" and 30setting an
initial threshRhdfyi theethe abis® Gequdnoy & fuheibntofusRdquehcyt JfehsBps@EryBased on
the | evel of neasured noise. WD 2012/ 009495PCT/ US2011/ 043937 15. The

met hod oflisplegiiand14, further conprising: continuously measuring the |evel of

thod oflise further . y me: cvel
ot act i ng. t et BURR T R e uien fisaoenes TRLQONE! ¥ FRRUEH JRp PalphfRpe T 1!

contsi nuoysiky fro@aauy,echdeh S€termining thd 6xcifhtien fregirady obmplissm 13, furt her
conprising determning a plurality of ort hogofgal excitation waveforns for
t he sensor, selectingigaipifipl xgilatioafiguensy topleisgioEd for si mul t aneous

transm ssion of t h@orﬁfnﬂr@' d érﬁssggon% Bloh PRGRRR Ithe%?ééi?éc#}x@ﬂb%\ﬁﬁél){nﬁ@al and

wherein the plural ity of “orthogonal excitation waverorns "are all orthogonal
to the identi tiedtiowisguehce quanayntegration pdriad, wharithihd cpaphtation df thy ceosdat a

processi ng appar gt us .associ ated with a 15capacit.jve touch senso onpri si ng
rows and col uﬁ‘?fégﬁﬂontlﬁgﬁeéemgmﬁén AFPENge AV RO e aﬁ)](east ohe peak and at 16ast

10 two nulls; and
selecting the excitation frequency for the sensor by selecting a frequency at
one of the nulls in the sinc-like waveform and assigning the determined excitation

frequency to be a same frequency as the frequency at the selected null.

15 8. The method of claim 7, wherein the noise frequency is within a range of about
30 kHz to about 135 kHz, the capacitive touch sensor comprises a maximum transmit voltage
of about 200V, and the capacitive touch sensor is configured to provide a current to travel

through a user that is on an order of about tens of microamps.

20 9. The method of claim 7, wherein the capacitive touch sensor comprises a front
end interface, the method further comprising demodulating a waveform at an
output of the front end interface of the capacitive touch sensor, wherein the waveform

comprises the cross-correlation of the noise frequency against the initial excitation frequency.

25 10.  The method of claim 7, further comprising:
measuring a level of noise in the sensor; and
setting an initial threshold for detecting a touch from a user of the sensor based on the

level of measured noise.

30 11.  The method of claim 10, further comprising:

continuously measuring the level of noise in the sensor; and
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configuration, the sensor being located in a systemconprising a liquid
crystal display, the nethod conprising : identifying a noise frequency;
gener at i nyoan12éoeidsat i on waveformto transmt across at PCeastolonessdf the
trace lines in 20the sensor, wherein the excitation waveformis generated

such that the excitation waveformi.s.orfhogongl .to.t ,dent f4 | se
frequency, ym%(f’“é’inﬁolf aéé%%}%fttﬁ%ﬁh%g\g(gf%i]%g%ﬁ‘g%[}r)] P afhog%lthseu%# &htgg Sér%lgé)ie at
the i denpiski e tiaee@ of coMHRDGYy nfeakigk&adieel i n the excitation waveform the
generation of the excitation waveform conprises: selecting an initial

excitation waveform 25selecting an algorithmcorresponding to a finite

i npul se response fi r; . L 06 i form by
appl ying the g?‘gor?rb%%eghgra;&gg%%gi %gﬂﬂ?%&%%ﬁggfegeg@%%%?gﬂ?fé@\ggnse filter
to the i githdgadhalexcititini wavelams ffor e sandr, whatehirattledsnand dfthexthdgpnblon
waveform acrqoss at | east one of the trace I nﬁs. 3018. The net hod of claim
17, furt pesitedemprydpmmes comaisat thggelscted exitalien HEAWACY:n t he sensor: and WO
2012/ 009495P / ; j i tob Ak li

detecting a %c g}%%rsn&égﬁ%é?n%gmg%gﬁg%{ﬁ@%rn é(glasstfehgg%%glto %gflg%\r}gﬁhlqégy%rgeasur ed
noi se. 18rthdgeaalnexchatbnokavefaing 48, further conprising: 5continuously

measuring the |evel of naise.in the sensor; and nt.i nuousl

adj usting a tW:héré’H’oqha phugglity of B’E]P?g?ﬁa]t%ﬁ?t&?c‘ﬁavﬁfo&mstaﬁeeéﬁﬁ%‘iI?OgBPéﬁﬂﬁwsensor
basgd ongdbgnih&yRlisdfrefiRAty. NUOUs| y- measured noi se. 20. The method of claim
17, further conprising determning a plurality of 10orthogonal excitation
wavefornms for the sensor,

13. A method performed by 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

15 method comprising :

identifying a noise frequency;

generating an excitation waveform to transmit across at least one of the trace lines in
the sensor, wherein the excitation waveform is generated such that the excitation waveform is
orthogonal to the identified noise frequency, wherein the excitation waveform is generated

20 such that noise at the identified noise frequency is rejected in the excitation waveform, the
generation of the excitation waveform comprises:
in a frequency domain, specifying an initial excitation waveform; and
converting the initial excitation waveform from the frequency domain into the
excitation waveform in a time domain by using a Fourier transform in the conversion;
25 and

transmitting the excitation waveform across at least one of the trace lines.

14.  The method of claim 13, further comprising:
measuring a level of noise in the sensor; and
30 setting an initial threshold for detecting a touch from a user of the sensor based on the

level of measured noise.
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wherein the sensor is configured for simnultaneous transm ssion of the
plurality of orthogonal excitation waveforns, and wherein the

pl ural i t ywof2owaobgonal excitation waveforns are all orPhogse@l/ 083931 he
identified noise frequency. 15 21. A system conprising: a data processing
apparatus; and a capacitive touch sensor configured to interact
with the data processing apparatus, the sensor conprising trace |lines

arranged in ross ange fRIHAAWRSE cMirh N4 2fufBéd dopgRiHgt gur ation, 20and the system
is configured to: conduct a first scan with the sensor that includes

scanni ng the @nﬂmnﬂ@ﬂbﬁw@memeé@abv@KﬁQO@@Ubﬁe§eﬁ§bﬂndn an interlace
22%?:’ 2 e S\Aﬂe Bg#%lgﬁlg‘gﬁly %g%t{ngcaethpeg 1§ 58} depe% ﬂ’fgﬁl% t&[léhri%}g ’tlf\gﬁgf ?ﬂ tHe Eé.h%mf rane

ere

|nf@rnatbg@dgﬁﬂﬁﬂ@ﬁﬂ@fa@ﬁam@@ﬂﬁeguene@n@@ethe first scan to |dent|fy ar eas
of the sensor that experienced a change in a capacitance froma rowto a

col um; utilize the detection of the areas of the sensor that

exper'enced {he Chandfclidd'e1AARICHEAD ﬁﬁﬁgi@fﬁ{&hﬁﬁhggw&@ua subset

of col ums upon whic ocus a sequen can; " and scan the
subset obnmgkumnﬁnﬁﬁkaMedﬁﬁnmfbhﬁesemond and subsequent scan,

2012/ 009495PCT/ US2011/ 043937 ere scanning the s umms
the system i sWagisH §eFeiot i§ copigwr ‘ﬁén% EW&H&“MP @Poﬁﬁgq§IﬁﬂﬁégT1evel for

t he,, Secogﬂmﬁﬁﬁﬂeméﬂﬂ<9@&£kﬁhﬂﬁ &gsi gnal -to-noise rati o based on the signa
| evel an € nol se eve determ ned for the second scan and relating to
t he areas of therein the plurality of orthogonal excitation waveforms are all orthogonal to the

identified noise frequency.

17. A method performed by a data processing apparatus associated with a
15 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 comprising :
identifying a noise frequency;
generating an excitation waveform to transmit across at least one of the trace lines in
20 the sensor, wherein the excitation waveform is generated such that the excitation waveform is
orthogonal to the identified noise frequency, wherein the excitation waveform is generated
such that noise at the identified noise frequency is rejected in the excitation waveform, the
generation of the excitation waveform comprises:
selecting an initial excitation waveform;
25 selecting an algorithm corresponding to a finite impulse response filter; and
generating the excitation waveform by applying the algorithm corresponding
to the finite impulse response filter to the initial excitation waveform; and

transmitting the excitation waveform across at least one of the trace lines.

30 18.  The method of claim 17, further comprising:

measuring a level of noise in the sensor; and

46




5sensor that had the change in capacitance. 22. The systemof claim
21, wherein the systemis configured to conduct the first scan by:

det er mi niwg 2a129i0g4%al | evel and a noise | evel for the fi Pst/tsec@n/043aT
10determ ning a signal-to-noise ratio based on the signal |level and the

22, “Che syst extite PLpt iRl St PR orat tpyrper s FESH IR LR,

and secoRgelsanssurdd@doikddet ernmning a conbi ned signal -to-noise ratio that
i s higher than the signal-to-noise ratios associated with the first or
second scans by averaging the signals that are received for the first and

second scans. 19. Thg%th-gg%fé%%g@][fo&}tggﬂ% a%ﬁlgt wherein n is equal to 4,

wherein the frane i s confi gure 30 Hz and the subfranes to
be at about la&thﬁousl\jﬂﬁfeesumngh& ieﬂéleiflnatseirpﬂh'etsa’(sm @adpri ses 16 col ums per

frame and 4 colums per subfrane, nal ten f t he sen r i s about
120Hz, and whePEingowsieadipyings tgsh %Yg n‘;i?t‘??HB% ety ﬁlﬁﬁ"?S%% € FrISRGI ng

capaci tapeeq Og?ﬁ%ﬁh@él%\f%l@[m ggﬁ?rlﬁesdls&g?nglsgata processi ng apparatus; and

a capacitive t sensor t is con |guredto interact with the data
processi ng apparatus, the sensor conprising trace lines arranged in rows

QR R IR ERIC E TE R X M
10 orthogonal excitation waveforms for the sensor,
wherein the sensor is configured for simultaneous transmission of the plurality of
orthogonal excitation waveforms, and
wherein the plurality of orthogonal excitation waveforms are all orthogonal to the
identified noise frequency.
15
21. A system comprising:
a data processing apparatus; and
a capacitive touch sensor configured to interact with the data processing apparatus,
the sensor comprising trace lines arranged in rows and columns with a matrix configuration,
20 and
the system is configured to:
conduct a first scan with the sensor that includes scanning the columns of the
capacitive touch sensor in an interlace pattern, wherein the interlace pattern includes a
frame, wherein the frame comprises n number of subframes, where n is an integer;
25 utilize 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; ‘
utilize 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
30 second and subsequent scan; and

scan the subset of columns selected for the second and subsequent scan,
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WO 2012/ 009495PCT/ US2011/ 043937 sequentially conduct a first scan of
each of the n sets of columms of the capacitive touch sensor in an

i nt er | acewpant2610m495 utilize information generaTAk2&3/083937
consequence of the first scan to identify areas of the sensor that
experienced a chan in a fringi.ng,.capacitance he 1.1 Ngi ltance
conprising a capac%ﬁgﬁgﬁw¥?ﬁﬁ? IP%&nggﬁt8@?%%%?§ﬂ£syﬁmﬁgé&?%%ﬁﬁﬁg&
detection of the areas gdteidife &6iRaaetdNahd £xpieE IwBicledtheecaldangs ahd t he
capacitance to inform selection of a subset of each of the n sets of

col unms upon which to fédeisniae a sigopidodwiredaiskasedar thesignablevelradibe  and
scan the subset of , 836ty QlacldiiftaT6i dhe Qoo stiMRa38hAG Bnl Rcad fiRRSCCONG

and 10subsequent scan, erelrn scan is associated wth a first
measur enent, wher edhséttatdad dndeimagnin @padkoad. ated with a second

measur enent , wherein the systemis configured for scanning of the
each subset of the n sets of colums by: determning a target signal |eve

and a noise |gyel #pr 5315%31535%999 vifeldth g%:sb&_@m i9to Rird B YBhduct the first

signal -to-noi se ratio;” an mning an integration period to
achi eve tdaeblyarget signal to noise ratio by utilizing a function that is an

average of the secqond neasurene nd.the.firs SHI ement nd 20wher ei n,
for each set of co8ﬂﬁﬁgégﬁd“%ﬂfp%§%&W&@ﬁ6“§dﬁ§%#g%@?ﬂ@gﬁﬁﬁnéufn the n sets
of ol umms, the sygiemihgGAidaBt-BslsSHEb bhftdlontthesikhdl $éved saNthaMdist he

second scan are conducted before commenci ng scanning on a subsequent set of

col ums and cbwvelelpomdgiaddosiibdestscatf. col ums. 2526. The system of cl ai m 25,
wherein for each subset of the n sets of colums, the systemis configured
to: scan the subset of colums in the integration period, obtain the

second neasur ggent Thekatddof faineeRi thedyséd nafusthef cdnfigusddsr: of t he subset of
col ums, wherein the second nmeasurenent is related to a second

measur ement - deectiving skowisgfanthetistror secongspags; and
15 determining a combined signal-to-noise ratio that is higher than the signal-to-noise

ratios associated with the first or second scans by averaging the signals that are received for

the first and second scans.

24,  The system of claim 21, wherein n is equal to 4, wherein the frame is
20 configured to be at about 30 Hz and the subframes to be at about 120 Hz, wherein the
interlace pattern comprises 16 columns per frame and 4 columns per subframe, wherein a
latency of the sensor is about 120Hz, and wherein the row to the column capacitance

comprises a fringing capacitance.

25 25. A system comprising:
a data processing apparatus; and
a capacitive touch sensor that is configured to interact with the data processing
apparatus, the sensor comprising trace lines arranged in rows and columns with a matrix
configuration, the columns being arranged as n sets of columns, Wherein n is an integer,

30 the system is configured to:
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WD 2012/ 009495PCT/ US2011/ 043937 det erm ne whet her the subset of
colums are configured to have at | east a m nimum signal -to-noise ratio;

det er m neyvoaniZdees9basi s of the second neasurenent - deri v@dTAISgMalo43987 noi se
rati o, whether the second neasurenent-derived signal-to-noise ratio is |ess

than the m ni mum 5si gnal -t o-npi se.rati o for ,t subset . of col s; and
upon det er ni ni ng tsﬁ%\‘?en?lﬁ]éy §‘é‘tdglﬁ1ija %&‘@Pé’#ﬁ?‘ﬁhp&g‘ﬁ VEY ﬁ‘ij’ﬁ%ﬁﬁ%i se ratio
is | ess than dGpgeitidioltiRepbaNAlkn ifeiRepattéal i 0 for, the subset of col ums,
per form-anot her scan of the subset of col umms; obtain

anot her neasur enenttilize irfowntion geaerated a8la sprpsaresice Pl thiadirgispart todéamifpf t he
10subset of colu and avera S ] h hel
R e BBE thy ex B RRASS SR RO MR A e . ¢

measur enent. Oafreatsﬁ) umMms to p uce measur

hassa proper taap¥diehe: engrind! x tPatitinsefroatd Pw ®laadoitnd;0 t he combi ned
measurenent is higher than the signal-to-noise ratio related to either of
the measurenents oftilizpshedairetion of the gragsptthe penspy that experignged dhgorhasga: a
dat a processi ; TN i i.nt eract
Wth Che dat Alor BRERLRLS Il ARATLR oY £ olRLET BN GARe BIPL T REL aob T 2
system i s conkhightefdctoa satohdnmd subsajuanti ssen fgceglieniaydi n t he capacitive

(ouch Sensor o bR L RBoLEE ARG L 8 Dt Lon T o
freguency forghagus@nSQ vAsren fHdMELl 0fh RfasddRfited with a first measurement,
wherein the second scan is associated with a second measurement,
wherein the system is configured for scanning of the each subset of the n sets
of columns by:
determining a target signal level and a noise level for the
15 second scan;
determining a target signal-to-noise ratio; and
determining an integration period to achieve the target signal to noise
ratio by utilizing a function that is an average of the second measurement and the first
measurement, and
20 wherein, for each set of columns and corresponding subsets of columns in the n sets
of columns, the system is configured such that the first scan and the second scan are
conducted before commencing scanning on a subsequent set of columns and corresponding

subsets of columns.

25 26. The system of claim 25, wherein for each subset of the n sets of columns, the
system is configured to:
scan the subset of columns in the integration period,;
~ obtain the second measurement related to received signals of the scan of the subset of
columns, wherein the second measurement is related to a second measurement-derived

30 signal-to-noise ratio;
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determ ned noi se frequency, wherein when determ ning the excitation
frequency the systemis further configured to: select an initial excitation
f r equencywbapi12does9sensor ; conput e a cross-correl at iPOm/Usee1a®e3¥31 he

noi se frequency and the initial excitation frequency over an integration

period, wherein the 012/ 00949 [/ US2011/ 043937 ¢0 atjon.of the
cross-correl a‘ﬁﬁt%fﬁll?%"vv\g‘ftﬁ%éﬁ? apg %ﬁo TS HES 19 1§uW§\}%ﬁ%%L{3\? atS#]a g’tlmpéﬁanst one
peak andsigtall@asie tatd; nul I's; and sel ect the excitation frequency for

the sensor by selecting a frequency at one of the nulls in the sinc-1ike
wavef or m and ¢gerhing, og theneasiset dhanepens! wegssramani-gerivadsignahtoyneise 1Eoa sane
frequenc the fr n t .ect . The. t em of
cl ai'm 27 BF pe-pREMERT e Rbneide T RE ERA TGP b i Losg ypne MR T8 51

kHzst 0 a@@%bﬂ-tcll-ﬁ&skl‘diti%o fbig&xe(ﬁﬁmf;bﬁdo\hﬁnﬁs;uﬁdh sensor conprises a maxi num
transmt 10vol tage of  about 200V, and the capacjtive touch, sensor is
confi gured t ouponciefeymining that @ﬁtse‘ioé?dﬁl?%‘érfemﬁﬂf%é’dﬁd sigpaldp-nofssatiqisdessan

or der Ofthﬁl?ﬁfétmﬂ)ﬁﬂlzrﬁ%isgnm—fb[%@%tio for the S\ﬁ)%et ofElusMsL em of claim 27, wherein

the capacitive tou ensor conprises a front end Iinterface, the systemis
configured to denpghfoamenathenscah of theastibsen obedlpmbs;of the front 15end
interface of the cagpaciti

e touch sensor, wherein the veform conprjses
the cross- correl a?9'%¥R aB‘f’%P”rf@e??BFeé%ﬁq Feiﬁ%Wcrﬁceé Sﬁ%‘lals\tl\‘,?féﬁ‘??l' T P bt the
exghtati é%igsétro?%'lﬁﬂﬁﬁé;and 30. The systemof claim27, the systemis
configured to: neasure a |level of noise in the sensor; and 20set an initial

t hreshol d for det ewteragy the moasuteniand amdithe odrer ofeasthemesos dre whssdf on t he

| evel of neas [ . : .
éjorlgrgnsnt%l ps‘fgduce 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.
15
27. A system comprising:
a data processing apparatus;
a capacitive touch sensor configured to interact with the data processing apparatus;
and
20 a liquid crystal display,
the system is configured to:
determine a noise frequency in the capacitive touch sensor;
identify that the noise frequency is a function of a frequency of the liquid
crystal display; and
25 determine an excitation frequency for the sensor as a function of the
determined noise frequency, wherein when determining the excitation frequency the
system is further configured to:
select an initial excitation frequency for the sensor;
compute a cross-correlation between the noise frequency and the

30 initial excitation frequency over an integration period, wherein the
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31. The systemof claim 30, the systemis configured to: continuously
nmeasure the | evel of noise in the sensor; and 25continuously adjust a

t hr eshol dwbap12depv®st i ng the touch fromthe user of the ®emaseolasdd7’ on the
| evel of continuously-measured noi se. 32. The systen1of claim 27,

the systemis confiqur etermn pluralit aorth tation
wavef orns for the %Og‘?%'g% gl? R (‘tomieﬁégfl AT ehe aosrn%(;nogona‘fe?or(%rl

30exci t ation wavef Qthet eQTBhé f&k dndert &g&tq%eldu@gﬁut ation frequency, WO
2012/ 009495PCT/ US2011/ 043937 wherein the sensor is configured for

si nul t aneous transni ssi S@&ﬁcbfheteﬁ@t%ﬂonrfaﬂll?f%}’tfﬁf e sensgomaseleskiag adtaqpency
wavef orms, and at o %% 8’16 uil?ﬁl @h 'ﬂfn kteXVaQ/tafOQ talﬁﬁqg’@@ %ﬁx%'cfe?etrﬁl

wavefornms are all or o ona rmned nol se uenc

sysgem conpri si ngie)ﬁltdt&?drﬁﬁ‘@{tﬁﬁ@ﬁﬁ)lmgl ﬁmea‘f@het&;y as the frequeney ata]meamlécntade t ouch
sensor to interact with the data processing apparatus, the capacitive touch
sensor conprising s and colums of trace lines arranged in a matrix
configuration; 10and a liquid crystal display, the systemis configured to:
identify a noise frequency; generate an excitation waveformto transmt
across at |ea28 onEhodysteheof dane27] Sthereds themotshdregenmyiis withierasiangd bl
excitatiaon veform.s ated such that the excitation wavef rmis

o t hogoriout 30 EHE ot T3 Bl S ubtaie o g e et fEERern dehT

wavgf or m, 418 .8 8P5RE 8008 Uea M@Jpaaﬁw&)uaﬁ sdrl36r is Ao dfré @ 16Viaeakieniency is
rejected in-the excitation waveform the systemis configured to generate

t he exci tratel tmowghneetiser thabig:on an order of about tens of microamps.

29.  The system of claim 27, wherein the capacitive touch sensor comprises a front
end interface, the system is configured to demodulate a waveform at an output of the front
15 end interface of the capacitive touch sensor, wherein the waveform comprises the cross-

correlation of the noise frequency against the initial excitation frequency.

30.  The system of claim 27, the system is configured to:
measure a level of noise in the sensor; and
20 set an initial threshold for detecting a touch from a user of the sensor based on the

level of measured noise.

31.  The system of claim 30, the system is configured to:
continuously measure the level of noise in the sensor; and
25 continuously adjust a threshold for detecting the touch from the user of the sensor

based on the level of continuously-measured noise.
32.  The system of claim 27, the system is configured to determine a plurality of

orthogonal excitation waveforms for the sensor, wherein at least one of the orthogonal

30 excitation waveforms comprises the selected excitation frequency,
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20in a frequency domain, specifying an initial excitation waveform and

converting the initial excitation waveformfromthe frequency donain into

t he exci twDi2ore/one9ef ormin a tinme domai n by using a FouPCemUSRe1a08398T m in

the conversion; and transmt the generated excitation waveform across at

| east one of the trace 25].
b

configured to" HER: ?%enﬁor: ié\ggl?ﬁ%‘?é%%ggi%@ ﬁ‘%‘ﬁ‘én Sy gﬁ%‘? pf}i¥st em 1S

ensor,; set

an initigkhdgbheeRekAioharaveRir@etdndg a touch froma user of the sensor based
on the 30l evel of measured noise. WD 2012/ 009495PCT/ US2011/ 043937 35.

The syst em of wherainithgnluralife osguthagapalsxeigpiongiavetprng arcadrarthogend g theeasur e

the level .of .noi i ensor; and continuously adjust a threshold
for det e(lcizett?rlﬁldgefqdn@%eoﬁu%q%lgﬁcr}émthe user of the sensor based on the |evel of

conki nuousl y- measured noi se. 5 36. The system of claim 33, the system
is configured to deternmine a plurality of orthogonal excitation waveforns
for the senso?3- A SYSIHHSPBIPHSIEe sensor is configured for sinultaneous

transm ssi on é)g?tépgchésﬂ{%ﬂpg%t‘%f ort hogonal excitation waveforns, and

10wherein the p Ity orthogonal excitation waveforns are all
ort hogonal t oa tdpacitide nivich iseoni isterdot eifhéincdata processingappéagysthe mapacitive
compri si tr(])%(::h ?eng&tc%nﬁol}i%fnegsr(s){vrs] gnd?l gcﬁgrl;lgg gis t;race lines arranged in a matrix configuration;
10 and
a liquid crystal display,
the system is configured to:
identify a noise frequency;
generate an excitation waveform to transmit across at least one of the trace
15 lines in the sensor, wherein the excitation waveform is generated such that the
excitation waveform is orthogonal to the identified noise frequency, wherein the
excitation waveform is generated such that noise at the identified noise frequency is
rejected in the excitation waveform, the system is configured to generate the
excitation waveform by:
20 in a frequency domain, specifying an initial excitation waveform; and
converting the initial excitation waveform from the frequency domain
into the excitation waveform in a time domain by using a Fourier transform in
the conversion; and

transmit the generated excitation waveform across at least one of the trace

25 lines.

34,  The system of claim 33, the system is configured to:
measure a level of noise in the sensor; and
set an initial threshold for detecting a touch from a user of the sensor based on the

30 level of measured noise.
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15a capacitive touch sensor to interact with the data processing apparatus,
the capacitive touch sensor conprising rows and colums of trace |ines
arranged wo 212map495x configuration; and a |iquid crystalPCaitspdiap43sshe
systemis configured to: 20identify a noise frequency; generate an

excitation formto fransm.t r.oss at Jleast one of the trace lines in
the.sen;or,mﬁ%ireiﬂﬁiﬁ@&@&%ﬁgéF}%ﬁﬂ%ﬁvg?g¥ﬁfP%é%5ﬁg?ated such that the
exci tation waygfiahsslyPmesisuRomende] sndikaniteierhidii &d noi se frequency,
wherein the excitation waveformis generated such that noise at the

i dentified notainfipusiiuadivss aitkregmidfos deeatingthe fruchiom theivser Afdheiasre t he
systemis_ confi,gure Q I & .t ati on waveform by: selecting an
initial =%3$9%??ﬂﬁwyg§gwgﬁﬂﬁuﬁ§%“ﬁgggféﬁ%%ng an al gorithm corresponding to
a fgnite inmpul se response filter; and WD 2012/ 009495PCT/ US2011/ 043937
generating the excitation waveform by applying. the al gorithm correspondi ng

to the finite34 npullesywespeidant 33, the syssm ik gopfigurediio deteriming 3 RralEX/ & or m
and trang&&}OBQ%Xgﬁﬁgéq&ﬁgﬁg§ﬁ&&qﬁég$m&?veforn1across at | east one of the
& . The sy cl

trace 5line stemo aim 37, the systemis configured
to: nmeasur e awhevgl thefensoi is eonfiguréeios smsudtape@ndransmission of thegddrality dfni ti al
threshol d for ggtepting a touch froma user of the sensor based on the
101 evel ehqpeRd FrEdptiog; ey etorms, and

10 wherein the plurality of orthogonal excitation waveforms are all orthogonal to the

identified noise frequency.

37. A system comprising:
a data processing apparatus;
15 a capacitive touch sensor to interact with the data processing apparatus, the capacitive
touch sensor comprising rows and columns of trace lines arranged in a matrix configuration;
and 4
a liquid crystal display,
the system is configured to:
20 identify a noise frequency;
generate an excitation waveform to transmit across at least one of the trace
lines in the sensor, wherein the excitation waveform is generated such that the
excitation waveform is orthogonal to the identified noise frequency, wherein the
excitation waveform is generated such that noise at the identified noise frequency is
25 rejected in the excitation waveform, the system is configured to generate the
excitation waveform by:
selecting an initial excitation waveform;
selecting an algorithm corresponding to a finite impulse response

filter; and
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39. The systemof claim38, the systemis configured to: continuously

neasure the | evel of noise in the sensor; and conti nuously
adj ust a wbnrephob4sf or detecting the touch fromthe userPCofUSkéig/0$®3%0r
15based on the | evel of continuously-neasured noise. 40. The system

of claim 37, where in tQe&%?@iﬁeo%%&%iﬁéﬁ‘g%g&ﬁ% %1‘#5@?19 o] a(flgotnm ne a

plurality of orthogonal Sensors

wherein the sensorcdrfespetiingiatRALAIRS infiulelrbposeuBlidr k@it thisial ewitaford he
plurality of 20orthogonal excitation waveforns, and wherein the
plurality of orthoyayprmexailtati on waveforns are all orthogonal to the

I dentified noise fﬁ&%&g{r}gg 'generatgd e%tggé% @X%i?ﬁ@x gﬁgﬁrd.t ?éa@%ne%?@hed@ﬁc

processi ng appar at us; ca I've touch sensor configured to

i nteract withliidde data processing apparatus, the sensor conprising trace
lines arranged in rows and colums with a matrix configuration; and
means for conducting a first scan with the sensor that includes scanning

the col ums 3gof t?ﬁa5@%%?5&ﬂ¥ﬁ1§23§2¥§£H§@%Oﬁﬁg {ohterlace pattern

wherein the interlace pattern I ncl a frame, erein the franme conprises
n nunber of smbisuanekyelhifewesemn the samor;rndger; WO

2012/ 009495PCT/ US2011/ 0439 means for utilizi i nf ormati on generat ed
as a consequetitan Brtigljlre ?}H?‘Z for deteptingy? fsoéf&}h fromA usek 8@1%8156113%{’%8?1: 981" hat
experi eneed A ntAanegnbile.2 capacitance froma row to a colum; neans for

utilizing the detection of the areas of the sensor that experienced the
5change in the capacitance to inform selection of a subset of colums upon

which to focus, a second. and. subs ent scan; d ns for scanning the
subset of col Urms i@?%@? 0?%@“1ﬁgﬁgﬁ%gégngﬁ@%g%%%§30ent

continuously measure the level of noise in the sensor; and

continuously adjust a threshold for detecting the touch from the user of the sensor

15 based on the level of continuously-measured noise.

40.  The system of claim 37, where in the sensor is further configured to determine
a plurality of orthogonal excitation waveforms for the sensor,
wherein the sensor is configured for simultaneous transmission of the plurality of
20 orthogonal excitation waveforms, and
wherein the plurality of orthogonal excitation waveforms are all orthogonal to the

identified noise frequency.

41. A system comprising:
25 a data processing apparatus; and
a capacitive touch sensor configured to interact with the data processing apparatus,
the sensor comprising trace lines arranged in rows and columns with a matrix configuration;
and
means for conducting a first scan with the sensor that includes scanning the columns
30 of the capacitive touch sensor in an interlace pattern, wherein the interlace pattern includes a

frame, wherein the frame comprises n number of subframes, where n is an integer;
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scan, and for scanning the subset of colums, the systemincludes: 10neans
for determning a signal level and a noise level for the second scan; and

means forwoebevew4ysng a signal -to-noise rati o based on Phe/usegnak3dsevel and
the noise | evel determ ned for the second scan and relating to the areas of

t he sensor that had the.change i.n capacitance. 1542 A system c rising: a
data processi W@afﬁgfg%?@t% mi‘%ﬁlal“on gengr C[%é)%scei ?(W%q%egﬁec%ﬁ}s{%ﬁg% lscaglgt i's

confi gur REntifQ akddk OF BfetseMdok hat bﬁ)e@i@ﬁ@d&r&@ﬁgesihwamﬁﬁ@d fidsm atrber ts@nsor
conprising trace lines arranged in rows and colums with a matrix

confi guregtlmwn;, the col ums being arranged as n sets of colums, wherein n

Lheon sat 9ot igBRTEAR R o8 AIENN 8 by B NGHNRL LMo ALidiBlricifaR R cach of

the n sets of "'col'ums 0 e Ccapacl ve touch senso nin ace

pat er n; change in@@0B&pabRincy td lnfainngléctibaoimbilset gaoamaisagpoasvidciconsaguience of
the first scan to identify areas of the sensor that experienced a change in
a fringi yr§orbpulciubsravent seib apd | ngi ng capacitance conprising a capacitance

froma row t Ong,f9 i RE WRANRSH OF odllinht 2ifld RE tlELEGH A sebschliiiar eas of

the sensor that experienc change 1 nt capacitance to 1 nform
sel ecti ogranf a subset of each of the n sets of columms upon which to focus

a second and subsequent scan. accaqrdi ng; and . ans for scanning the
subset of eacH%rr §°ﬁ‘€m|1i‘g_§]éec wbggt 0?88]15‘?6%?’ tg‘é?@f:e_tnéﬂm St he second and
subgequent scan, 3QWAHATE} Do AEnY lsBiRal BvaRH 2l qie\f&\%for FEARQbMPscah; dolde

each subset of the n sets of col tmms br nmeans for:
2012/ 009495PCT/ US2h¢dnstfia3¢3dmining adegnel-to-miiseyratio basgd @ thesighal devgl anchibe se

achi eve the tEPHCE S GRAPINER Mo es Pt run et nb oSk B BE kP SRhR
averaged W t hyddge bhangb inBAatitaEEent , and

15 42, A system comprising:
a data processing apparatus; and
a capacitive touch sensor that is configured to interact with the data processing
apparatus, the sensor comprising trace lines arranged in rows and columns with a matrix
configuration, the columns being arranged as n sets of columns, wherein n is an integer;

20 means for sequentially conducting a first scan of each of the n sets of columns of the

capacitive touch sensor in an interlace pattern,
means for utilizing 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;

25 means for utilizing the detection of 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 according; and

means for scanning the subset of each of the n sets of columns selected for the second
and subsequent scan,

30 wherein the system is configured for scanning of the each subset of the n sets of

columns by means for:
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wherein, for each set of colums and correspondi ng subsets of colums in
the n sets 5of colums, the systemis configured such that the first scan
and the swoant/®e®n are conducted before comrenci ng scamQiTA2@n/ 083937
subsequent set of columms and correspondi ng subsets of colums. 43. A

system conpri sing: ,10a .dat i tus; i ti t h
configured to | neciaBmiEA e BLdEPSBbedr iy SR e a1 quid

crystal display, ngafismihih _a‘iﬁﬁﬁt&?ﬂaﬁbﬁ'ﬁeﬁodﬂ@iaﬁlﬁew @d @g&mg‘n@l tohpigapasi tive
touch sensor; 15neans for identifying that the noise frequency is a
f unct i onwbén thefsecond emasurementrie averagaddvigh thetast regasyempnt, apdy means for

det erm ni ng ang%é]?l:, Og{?g%gﬁ?? Bgﬁogeﬁ]lﬁyalicg ééor%gfoen?iﬁ]{gis?lhse f %&Ofl&{lql(i{ 15’1%6 Rfsetg he

det er ni ned nol ei’n g e excitation

f r equencyr donensy SleasysteMCh YeesiuraieR it HRrfirsedcRcindBe 8€tonbistdnadre exci t at i on
frequency for the sensor; means for conputing a cross-correl ation

bet ween ¢andusisd Befofe eouaeRONEIFENRIAS O AistsgAuEk é@ttogwlaﬁmﬁ pRd cFEpoRsieg an

i nt egrat| Qetg)gﬂoqgmHMerei n the conmputation of the cross-correlation is
presentabl e in a sinc-like waveformwith at | east one peak and at |east two
nul l's; and 25neans for selecting the excitation frequency for the sensor by
selecting a frequency at one of the nulls in the sine-like waveform and
assi gni ng t he*det eV HER COREIPRE on frequency to be a sane frequency as the

freguency at éﬁﬁa?ﬁkﬁ§%ﬁﬂq$%%hm'44- A system conprising: 30a data
processi ng appar at us; ’

a capacitive touch sensor configured to interact with the data processing apparatus;
and
a liquid crystal display,
means for determining a noise frequency in the capacitive touch sensor;
15 means for identifying that the noise frequency is a function of a frequency of the
liquid crystal display; and
means for determining an excitation frequency for the sensor as a function of the
determined noise frequency, wherein for determining the excitation frequency the system
includes:
20 means for selecting an initial excitation frequency for the sensor;
means for computing a cross-correlation between the noise frequency and the
initial excitation frequency over an integration period, wherein the computation of the
cross-correlation is presentable in a sinc-like waveform with at least one peak and at
least two nulls; and
25 means for selecting the excitation frequency for the sensor by selecting a
frequency at one of the nulls in the sinc-like waveform and assigning the determined

excitation frequency to be a same frequency as the frequency at the selected null.

44, A system comprising:

30 a data processing apparatus;
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WO 2012/ 009495PCT/ US2011/ 043937 a capacitive touch sensor to interact
with the data processing apparatus, the capacitive touch sensor conprising
rows and wol2or®94s trace |ines arranged in a matrix comCirgise@tiogd®3”7 and a
liquid crystal display; neans for identifying a noise frequency; means

for generating an excitation veformto transmt across at |east one of
the trace | i naspriy i ChiBe! TRl Wi SRR PobeRBk BRy e B B glier at e
such t hajoyubigens%CdohdHrisy roAY QhPEumSs 6f fritRdReRhrrdrel tea hdeht édnfigdraniohse
frequency, wherein the excitation waveformis generated such that noise at

t he idendtidied noise frequency is rejected in the 10excitation waveform

the systemis fii . generate the excitation waveform at | east by
nmeans for: inaﬁ&gdggégﬁg?bgﬁhain, specifying an initial excitation

wavef or m  andmegavier iden@yidpen noiéd frajueosgi t ati on waveform from the frequency
domain into the . excitation waveformin a tine ?onainﬁ& using a
Fourier transh&iihiPheenseatiogqpexdiaian wesglogm to ransiibaossit leastng ¥11q ng the

gener at egl, &%l # i@ g%ﬁéé@%é SR AR Qe Ratih \bﬁ@ﬁ)trg[nqg' %e&frat&h Such'tRGqnd i nes. 45. A

syst em conpri si ng: ata processing appar at us, a capacitive touch
sensor texcitati@r wetefouint 1y drthegalat & fhe ddeasiicd goiapfraquencs ,witehen depacitstione t ouch

sensor conprising rows an olums of trace |lines. arranged.in trix
on | gur BTG B QU a Yot T B RREdseRa s it Ying. A
noi,ge frequensywaveform, TBARRthP]s BRAGIE td\EbnBRENE bhkdation wie¥BiRRMh by
transmt across at |east one of the trace lines in the sensor, wherein the

excitatimmmmﬁbefornlis generated such that the excitation waveformis
oL mogonal L L e e IR R P P ey 1«
rejected in the  converting the initial excitation waveform from the frequency domain into the
excitation waveform in a time domain by using a Fourier transform in the conversion,
15 and
means for transmitting the generated excitation waveform across at least one of the

trace lines.

45, A system comprising:
20 a data processing apparatus;

a capacitive touch sensor to interact with the data processing apparatus, the capacitive
touch sensor comprising rows and columns of trace lines arranged in a matrix configuration;
and

a liquid crystal display,

25 means for identifying a noise frequency;

means for generating an excitation waveform to transmit across at least one of the
trace lines in the sensor, wherein the excitation waveform is generated such that the
excitation waveform is orthogonal to the identified noise frequency, wherein the excitation
waveform is generated such that noise at the identified noise frequency is rejected in the

30 excitation waveform, the system is configured to generate the excitation waveform by means

for:
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30excitation waveform the systemis configured to generate the excitation
waveform by neans for: selecting an initial excitation waveform selecting
an al goriwbreneaee®spondi ng to a finite inpul se responsePCITuSeo1/0a3%d7

generating the excitation waveform by applying the al gorithm correspondi ng

to the finite inpul se.respon filter to the initial excitation waveform
and 5nmeans for traﬁ‘?zerﬁlflgf“g 1‘?%8%%%18}1&&1&8‘}0&1}2“ tati on wavef orm across at

| east one of the tdedelng b8oriteh corresponding to a finite impulse response filter; and
generating the excitation waveform by applying the algorithm corresponding
to the finite impulse response filter to the initial excitation waveform; and

5 means for transmitting the generated excitation waveform across at least one of the

trace lines.
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