FORCE AND TRUE CAPACITIVE TOUCH MEASUREMENT TECHNIQUES FOR CAPACITIVE TOUCH
SENSORS TECHNICAL FIELD This disclosure relates to techniques for measuring capacitance in
capacitive touch 5sensors, for example, in the measurement of force and true capacitive touch
simultaneously in a sensor. BACKGROUND Touch sensors, such as those are used in touch screens

for portable degiresEaAN FPTROEIOTAPAE FPNIEUresUC 1 e ASIARERIFNGEPECIANAO YRS RETRIe
electrical signals based 10on the detected changes, and to send the %%Eerated electrical signals to a

receiver for further processing. SUMMARRACI M?J@Hﬁdét&ﬁm es technologies generally

relating to touch sensors that are configured to measure a true capacitive touch and/or a force applied to
the sensor from a 15user. In general, some aspects of the subject matter described in this specification
can be embodied in methods that involve a SEn&ttNbERE érHbbBiments of this aspect include
corresponding systems, apparatus, and computer programs, configured to perform the actions of the

methods, encoded pi¢aRRBAFSIAAGERAARR R IR IANOIPRIARBER Siihasubisgsmatter

described in this specification can be embodied in methods that include the actions related to a capacitive
touch BensofEMiESsEsBrameled B tRerPararFalNeal Pl FarsetrRFbiHCARRAMYS KIUSH Hraelignaskshyement of
lines) of conghglauggrranged in rows, where the conductors in the first array are arranged substantially in
parallel with one another. The sensor includes a second array of conductors

BACKGROUND
Touch sensors, such as those are used in touch screens for portable devices and for
monitors, are configured to detect changes in capacitance to generate electrical signals based
10 on the detected changes, and to send the generated electrical signals to a receiver for further

processing.

SUMMARY

This specification describes technologies generally relating to touch sensors that are
configured to measure a true capacitive touch and/or a force applied to the sensor from a

15 user.

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.

20 In general, another aspect of the subject matter described in this specification can be
embodied in methods that include the actions related to a capacitive touch sensor. The sensor
includes a first array (e.g., repetitive line patterns or an orderly arrangement of lines) of
conductors arranged in rows, where the conductors in the first array are arranged
substantially in parallel with one another. The sensor includes a second array of conductors

25 arranged in columns, where columns of conductors in the second array are arranged
substantially in parallel with one another. The columns of conductors in the second array are
located underneath the first array of conductors, and the conductors in the second array are
arranged in a direction that is substantially perpendicular to a direction of rows of conductors
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25arranged in columns, where columns of conductors in the second array are arranged substantially in
parallel with one another. The columns of conductors in the second array are located underneath the first
array of conductors, and the conductors in the second array are arranged in a direction that is
substantially perpendicular to a direction of rows of conductors in the first array. The sensor includes a

sheet havingratpéeirstefapaterabendieimchrishgehdet padies aidrnAathihei se vangeatiayrebernductors.
The sensor includes a groundfﬁlane located underneath the sheet. The first and second arrays are

configured td45ARFLILRIGHEALHE SRACNHRH A Re Mt S ed ffeaRRe ARFIH e SR QBRI owards a user

of the 5senspjcaied ihdepeeentheisaesionTievaibe @i Ria e confiese enprotues gmbodiments
can each optional_l% include one or more of the following features. A width of the conductors measured

across a sin§l&HH FIthwihalests tiald Hags tuhexipaddiae HE Birechni WA RS SHeY Hftween

adjacent edgensof ane rciaeethdansidh eiirstasiaygud@piagh of the conductors measured across a
single column in the 10second array can be less than a distar;lfe of separation measured between

adjacent edges of tNSSFRCHPEORMRALIREMS CHLEH QRUONA NI RFOIR PR Y Mositioned at least

to partially tegnovaiteyFeanerey. thevaigetae teldoiriesterd endingdn doesegenddireatipninfessansgr can be
configured to detejt an interr iption iyhe electric field lin j%én the first direction. T]be sensor can be
configured tGHEE ??F@ﬁﬂ@rﬁﬁﬁ%ﬁ ARG VAR TR MR ARIAGE LIS SbiWe AR blaced

within a proxionityodftbaefissrsannatiin hrigiestie teltlinessahtasufisatadimetiosindle clbjaatiaande a
finger or some other bod ﬁfr’) rt of a t;ser of the s%r‘for. The sensor ca includeéﬁansrﬁgé%%ﬁa%d receivers.
The 8nsor C5FPBE %%?%i&y 165 O ARG AL RS B A BRS EthRRY G A AR ttdrs, signals
at least at twovdifigjrephfguensiestinnsdve isirelysetmngrairaypdieonaisigrssitReetyeat i tbe
20receivers, the signals at least at tlte twq differ n&{re uencies.on the other of the first or_second array of
conductors, BRHIALYA S BARL HARESLHIE S S E el WES A LI e e LB 1 Peceived
signals; deteggnioe chabtheofifretistthéeforgen ditsoupriotharthedeqed HélhHngsean ihhfirestimated
capacitance yalues atjé]]e two frequencies iffergp factor of two or more; and determine that the object
o ot an obiUPELRAbIE B AT e FIRRHLAELD AR 5 NP L e IS LMD ner
humas bodyrgauttimnfian achigécntet ibelaeaswiisidugtoxinsiapofetdosnsoif Wiethasthvatecttapacitance
values at the. two frequenci cio not differ@é 'E?I}(f'gfactor of two or more. The sensor can be configured to
receive an elETHATo e Pt ISHEHE or e ShigTh i iy ragine anr otk Q0L g R o
compress atdetst shesoontuetersdn the ifikdtiae o sencitdramay sctaiverd. thde sensor can be
configured to perform the following operations: transmit, with the transmitters, signals at
least at two different frequencies on the first or second array of conductors; receive, with the
20 receivers, the signals at least at the two different frequencies on the other of the first or
second array of conductors; estimate a capacitance value at each of the two different
frequencies using the received signals; determine that the object is the finger or some other
body part of the user if the estimated capacitance values at the two frequencies differ by a
factor of two or more; and determine that the object is not an object capable of generating a
25 true capacitive touch signal (e.g., a finger or some other human body part) and an actuation
of the sensor is due to measured force if the estimated capacitance values at the two
frequencies do not differ by the factor of two or more. The sensor can be configured to
receive an external force from touching or depressing the sensor. The sensor can be
configured to compress at least the conductors in the first and second arrays toward the
30 ground plane upon receiving the external force, and the sensor also can be configured to

decrease a capacitance of the sensor when the external force is applied to the sensor. The
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30ground plane upon receiving the external force, and the sensor also can be configured to decrease a
capacitance of the sensor when the external force is applied to the sensor. The sensor can include a
capacitance characteristic where a level of measured capacitance decreases monotonically from when an
object is placed within proximity of the sensor to when the object touches and depresses the sensor. The

ground p't’-t‘”@éh@ﬂﬂ&ﬁhﬂﬁ@l@d@%p@tif&%é’@ﬁﬁﬂa@t@ﬁ@tﬂmw A saRNpAieFendusieiatse ground plane
can include wires or 5Smetal formed on a liquid crystal dlsplayéLCD) The sensor can be configured such

that either o85FaFRS GHANMABRaIY BPED NS GRieatds Riaterid S RIRATIRGRHRS AR Wheet having
the dielectrigynaianabhjég e dbsesanad seers aharatetpl Medustes Plalectdn rRNsdantdhatisthigher

than that of the deformable dielectric material. The sensor can be coangured such that either the ground

plane can b EMERALLE 9{@%@?1’{&0&@%0}%&5&%&5@#@% ARG AR RIS WSS Qcond sheet

of matgrial Cﬁt‘ét@ﬁfﬁ?ﬁ%ﬁd)@b@l@m@@bﬁﬁﬂ h@lﬁ?QLb@ﬁefﬂfmh@ﬂtﬁlﬁﬁéf @ﬁTEﬁ@f@ﬂ's&hWﬁh the second
sheet of mategl&qcan have a dielec |c constant t ‘ft is higher tha sheet of the d aﬁhé‘ aﬁle dielectric

material. Thé' hﬁ&t?dt@ ﬂj%%?éﬁﬁ?@ LS e é? CUREG USRS &dr can have
opaque metakimeas©aidealkesigeshieeiHéEmhececoptpsitsubsigienal Herigengddmrman 15include a

transparent conductive materjal arran patiern t duce a fringi ic field between the first
o mtﬁﬁmtmttit“%twéﬁ%t
Getorable HRIBEIRE EAHELR OURFG 208 SRA0e e AL (1 HE CHGHF AP r'%%%dg‘rﬁind

substant?allysﬁnaﬁredteimlﬁdemmmmﬂneomw(m)ﬂﬁn afﬁbtgegmcyhdetqremyneawse@taccama@ng?e row
in the first arrag is Iesst an a distanc of S f%;ﬁag I@%Ji]etweggﬂr spe tive conﬂ&ctors measured between

adjacent edé)é) PEsE Q&@ﬁﬂb@\}%o etﬂgr 85? §Monductors
arranged in gedludiang twheraéhemmtmmeqﬁammwatmsgedtheaqmwnd erpaycake arfangiad slebsiantially in

Conductors 011 FOHFER ey ot RN AR 18 LULORE ey B AT G eI hat 1
substantiallydimrpaddibabad toattetireatiomeihtasicatiray |of attmdusftcre canduatorislt thictfiest and
second arrays. The conductors in the second array can be positioned between the first array
of conductors and the deformable dielectric, and the deformable dielectric can be positioned
20 between the conductors in the second array and the ground plane.

In general, another aspect of the subject matter described in this specification can be
embodied in methods that include the actions related to a capacitive touch sensor. The sensor
includes a first array of conductors arranged in rows, where the rows of conductors in the
first array are arranged substantially in parallel with one another, and a width of the

25 conductors measured across a single row in the first array is less than a distance of separation
between respective conductors measured between adjacent edges of two adjacent rows of the
first array. The sensor includes a second array of conductors arranged in columns, where the
columns of conductors in the second array are arranged substantially in parallel with one
another, and where the conductors in the second array are located underneath the conductors

30 in the first array. The conductors in the second array are arranged in a direction that is

substantially perpendicular to a direction of first array of conductors, and a width of the
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conductors measured across a single column in the second array is greater than a distance of separation
between respective conductors measured between adjacent edges of two adjacent columns in the
second array. The sensor includes a sheet having a dielectric material, where the sheet is located
underneath the second array of conductors. The sensor includes a third 5array of conductors arranged in

rows, where dhed(RWsahedetRisds éfsﬂ\{:héf diram ﬁfﬂq@@éﬁ@ﬁﬂ%ﬁb@%@?@@d&‘{ thapal aliehmdgoene
another, and the conductors in the third array are located underneath the sheet. The rows of conductors

in the third a3FR§"aHOREINGED iFPRCGHLE GBRAWRIPTS RISARHARHIBRY SR AMRRBN SAES SO MaCRMAGE The

columns of cGeEdTS e e GREaeyarmhe aasker ieliued theheantivaigrs dngesHesasrRssvwehsiagle row of
the third arragvés 10greater than a distance of separation between respective conductors measured

R :
between adjHteTEH 5G4 BIEAERK PEFEGRha A QTPagUctorsrh HR SaRRPbIREERS otitftents can

each gptionaliyainefusie Qiteos shareyed thededowingefartuses ditwsangorsaantio chideaprdgrae-sensitive
sensor and a true c %%itive_%)uc;h senﬁgl/, where the true capacitive touch sensor Flan include the

conductors &Y #Ef Halbe BhepLatal Wit RiRes- 2B LR e REHEOr B RS RIF ARBY B Rductors of

the second apehtbdrdrajgaysaiantdbessheehdayindot fieiactsermiaieniad divg, farcersgiseditesensor can
be configured for a first measurement of a firs{.capacitance far a hallel- late ((:ﬁpaci ance betﬁleen
intersectionSBEHHSL Btk tHRSBRHAL BE B AU R 3R FyeAHarlion {%QPLIF@THEp FROAYFOERRdNSor can

be configureskiona aeppatimenstieneRtcohaReeSHcanad HNcS witigh 0WedE fnging elesiic field
between the first and second arrag%of conductars. The sensor can be conﬂgured F{?Bdetect if an object is

withirSoroxinF§ABY DR TARE O SBPHGURE AETRD 'SRREFIL/A RN HAPEMEB? HEA BMERRer configured

to detect if apdpvjeatdogsnefsiab agplisatadacn théhrigeasay. The sensor can be configured to decrease
a level of the seconﬂ‘éagac?ié%%t‘:ee as thﬁ.otéject move@écloser to touching the sensor. The sensor can be
56 A UKL PIRORID J8¢

configured 25to inc 9 éﬁfﬁ)g%’i]tﬁﬁ opligna %%QVJH%BBEE% the force to the
sensor. The feglvsangdatoededd irdiersotitoxidd (HEQ)foradentyrstaeabereinPE e Dapasitngor can include

tal t lyester sheet (PET) lasti bst Ih t includ
tanaparont GRS mHRER A B AR 16 BHE4ERL S QN B UG At B Bon the frst
and sscond arthsecdrabadayoand Tiefdfeosuyitioeséndhecaadneidde thy canibarosfitreddoriiveen the
first array of copductors and the deformable dielectric, and the defor le dielectric can b itioned
potween the LANCICIBUEIA TS Lot A it IS GEAT 8 caRLCISFor ™ SEREAE nother
aspect of thehsubifijureaitfer dénstitmedsurdhienspé cifivaticapas tabe: éonlaqatied| éh-prethagadhatdaclude the

actions related a capacitive touch sensor. The sensor Sincludes a first array of ductors arranged in
rows, a seca e&v%ﬁ?g)}n eraectiong 8@%%}3&#8&8’[0!’5 oFte seconé]| Shcthird arra : and e Hroe capacﬁ'lnv%

touch sensor can be configured for a second measurement of a second capacitance related to
20 a fringing electric field between the first and second arrays of conductors. The sensor can be
configured to detect if an object is within proximity of touching the sensor by the fringing
electric field. The sensor can be further configured to detect if an object touches or applies a
force to the sensor. The sensor can be configured to decrease a level of the second
capacitance as the object moves closer to touching the sensor. The sensor can be configured
25 to increase a level of the first capacitance as the object touches and applies the force to the
sensor. The sensor can include indium tin oxide (ITO) on a polyester sheet (PET). The
sensor can include opaque metal traces on a polyester sheet (PET) or a plastic substance.
The conductors can include a transparent conductive material arranged in a pattern to
produce a fringing electric field between the first and second array of conductors. The

30 conductors in the second array can be positioned between the first array of conductors and



in columns that are substantially perpendicular to the rows of conductors in the first array, at least one
transmitter coupled to the conductors within one of the first or second array of conductors, and at least
one receiver coupled to the conductors within the other of the first or second array of conductors. A
method for conducting measurements in the sensor involves 10transmitting, with the at least one

transmitter, signfiforhigrstalldeeidificdent TervenpiesitlatUrRNBIAER posaieaiCHiaibaeteen at least one
of the conductors in the first array and at least one of the conductors in the second array, for which the

first and secOMPHFASA B HREH RERHARLIE IR SRIHISId that extends in a direction

towards a user of the gaser, anstierespidedtetrclipeef mattereiEstisd o thR sirelfiedirid c¢asuking from
an object 15that is_placed within a pr_oxiwéitg of the sensor. The method involves receiving, with the at

least one reEINPOFIBYTS YRR It ARCIMAS dreacHoRfifelalRd A SARRAIIESIONCH FRITRE & 85550 nce value

al each of thipdwasaeseaipuTIieaenCieaNgIndThews eidesraanalsosos daismianadete
estimate ca acitance value at eac (0] etwoo “more 1r uencie | rs a Ctor of about two or
ore. The B ERETSASE SHPAPRLY R BRRLIAL (AdeGRbe AL O ILIONS 1 8 VSt e

comparing theasatineaamingl tevaahiettofemadaishutier sviesho the o Fasta veduenthatris approximately

two. Th th Iso inyol i dif bet the estimated t lues,
anctcompart A HE GIFCHEA bl ALt A AU PR RO OB TR NG ARG HE obyect i

capable of gsmeralingsg ttieoadpacityeronethiFoat(@duchningedsorsnene athae besanimagdye5 part)
and whether an acIuatioQ\lA%the selnsor is due to measured forge based on r Sultsgf the comparison of

the rdflo or dHSPEHEN S WG AL 168 ARG PRP LIS AR I8t 3 4R 8 BETHU E SAUG0EARDE! These
and other emgbastinenizeatriedidoinralinelstienend ticveeueidhdriaheviRgdeayies ailkkesmethod

can involve determining that the object is a finger of some B%Eer human bOéi art of a user of the touch
sensor it the & e AR AR FaaeRd dettvales RRUTERE A and 59E 386 BF about two or
more. The cooafigtesd to prediikss afringrayeketeis diege cthatbataakidHyivipatiiietowtihdsreussrashere and the
conductors in the Se((f d arhié/é: n he arrﬁang.e(aerf,ubﬁtantifu)(%inlé)aralllgl ith ope £zill:;]other. 'E;Fée conductors
in the secont 3P4y 8P SQBIEREFCHIRILN ATdIE BHRA PLBIR IR HATEICSS RGNS 88 AR Shnauctors
measyred achas plattdievithin thprbsdhatyayf dasbestessTHametrdigtmvodtvef bseparationthehyaen
respective cindgctors meaSU{Jed bet eenﬁgﬁl ent edrﬂgs o] LﬁNO atdiiacent rows Otf' th%.first array, and a
width of the FBTHURTAFETNELS P Sl A SR MAC, B TRe Lferent trecuencies, estimaing
capacitance value at each of the two or more different frequencies using the received signals,
and determining if the estimated capacitance value at each of the two or more frequencies
differs by a factor of about two or more. The method involves computing a ratio between the
20 estimated capacitance values, and comparing the ratio against a threshold, for which the
threshold comprises a value that is approximately two. The method may also involve
computing a difference between the estimated capacitance values, and comparing the
difference against a threshold. The method involves determining whether the object is
capable of generating a true capacitive touch signal (e.g., a finger or some other human body
25 part) and whether an actuation of the sensor is due to measured force based on results of the
comparison of the ratio or difference between the estimated capacitance values at the two or
more frequencies.
These and other embodiments can each optionally include one or more of the
following features. The method can involve determining that the object is a finger or some
30 other human body part of a user of the touch sensor if the estimated capacitance values at the

two frequencies differ by the factor of about two or more. The conductors in the first array
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second array can be less than a distance of separation between respective conductors measured
between adjacent edges of two adjacent columns in the second array. The sensor can include a sheet
having a dielectric material, where the sheet can be located underneath 10 the second array of
conductors; and the sensor can include a ground plane located underneath the sheet. With regards to the

frequencies,cahlpastiifdwouddiaiaaniraspaaiasmanoréiendite, APt epmigioratshhéoiscsp®ne. The
sensor can include a true capacitive touch sensor. The sensor can include a force-sensitive sensor and a

true capaciti?E ¥ GeR LR ALEPIRS SHRNANHAL YRR MW BRR ANCLR R or TR CRRIHERHI® Yhductors in the

first and seces@adr@ysy and kbR iarceiensity eheedRalcRsINtHE g e eapductoigiinothBsecond array,
conductors in a third array and a sheet having a dielectric material. The conductors in the first array can

be arranged ANGYEATANGIRUSH AFEPSRiBT G AP0 HS THE QURA FRB P ShAn RIS lired across a
singlegow instharfifnassay A dpdessdiandaiisaneasof ERaAionbRRERIGRSRE CliEERREHEOrS

measured between adjacent edges of two adjacent rows of the first 20 array. The conductors in the
oaond arrag e GL8 TSIGSEP e BRSANAH A 16 SRSRH R S SRR Pred PlA ST T second
array can besteeateshaydarmeatbsthesrndiseints of tapatisabansavddne aupstittiob dumegndiictors measured

ingl I in the second b ter t dist f tion betw:
rospecte CORISUET HUSEE RO CEh R < S ACUGBL YRSy R SheEONATY n ThE ORB aray.

The sheet caarb@dheriadunggimeatideetdondaets whihe thechnet asrae Toratednduetasatpf the third

array can be arranged in rows, and the conductors in the third ajray can he arranged substantially in

oaralGwith GR GO AL LRGN RE TRRPARE) BN 5 GEAER PR LA HISHERN The

conductors iththehébirdvairayeganibe anefiggetitiasiierientteaiis sifstantiriyeaigsoaictitietdn

direction of conduct?rs in the Sei\?éjd arraé/{ﬁ 8anﬁj a width of the cb%ductors 30measured across a single
is

row in the thit A W BLGRENPHIAR R O S50 RGBT e FRPAS PG M b s ors
measured batheesznsadjareinichdizesfofdaveeasiipaessranvarno dreuthiaphasiiaye oetsenshifeiiaifienuencies

can include g first frequency and a second frequency, and the first.frequency can be higher than the
second freqUEhBy e FABHENEJ8 SR SFAsR A e VS v COnIREES 18 AT IPERE A L teast
one regeivertheabhamssansighesensseotitiaclibe $higoatelneteiviediiostaertr arfigacenicitdreénsensor can
include 5indiym tin oxide (IT % n a polyester sheet (PET). (ﬁe sensor can have. opague metal traces on
= polyester SHLLCE S RN LS R ol A AT A VEIOE Aap oy B LS e
material arrangedeéd supsttiatially produdielaniingingaalstbtic akhvbietveé ththefidsiceord iveasunddarray of
conductors. The rows and columtns rfar;have diamo d-stﬁaé)ed fﬁttemi??ﬁ at non-.int&frsecting locations of
the conductdid BPhahiels K LS I 4AUGY 28 PRETRIGNY BAGRISE HSFEURISORMYEEL of the subject
matter descnisp@dtivbisoapecificatieasareddsdtiorth gl jiee stamyepaityiondjzoesnn gsvenof the fiescription
below. Other featurtes and aspects of the suhject matter will become apparent.from the description, the
crantis, st e QI QTS DS R BT AN g Ca) i Dol Wi ohe

another. The conductors in the second array can be located underneath the conductors of the

first array. The width of the conductors measured across a single column in the second array

can be greater than a distance of separation between respective conductors measured between

adjacent edges of two adjacent columns in the second array. The sheet can be located

25 underneath the conductors of the second array. The conductors of the third array can be

arranged in rows, and the conductors in the third array can be arranged substantially in

parallel with one another. The conductors in the third array can be located underneath the

sheet. The conductors in the third array can be arranged in a direction that is substantially

perpendicular to a direction of conductors in the second array, and a width of the conductors

30 measured across a single row in the third array can be greater than a distance of separation

between respective conductors measured between adjacent edges of two adjacent rows in the
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15FIG. 1 depicts a diagram of an array of rows and columns for a touch sensor.  FIG. 2 depicts a
diagram of another example of an array of rows and columns for a touch sensor.  FIG. 3 depicts a
diagram of a graph of measured capacitance versus a perceived touch force or proximity signal received
by the touch sensor of FIG. 2. 20FIG. 4 depicts a diagram of an array of rows and columns for a touch

sensor.  Higrdaflapictha sedimerexenep litiorddagingifiatds finatfrdobacy and & dewrnd a column of
the touch sensor of FIG. 4.  FIG. 6 depicts a diagram of a graph of measured capacitance versus a

perceived tollEAYIEY: BPOFBXIFITR fagHe TUcan Be By hefcih s seaopfarearRGY s A MEHARA 853 hybrid

touch sensotan irfclGeS aRpivty sighHalrfonthé sscan@itajiuaws antdcalymasofe rheitevehasansar, where
the rows and columns have a diamond pattern. _ Like reference numbers and designations in the

[ p
various drawligETFHICeRE 1A HIesenal "esevadi RUNSEEERAEYSERY: Theed3aiatd0e!¥dhch screen,

sensoss are m@den N atRCiirely candisier ks BPETO0ITMNSsbIetnthg ey @RchalIMasare
movable to receive a force apﬂijed from a user of the sensor. The rows and Bolumns Cross over each

other, approRhiRaN L EISIATET )N P BIBRHE SURRANH e hBRFRIJHSHRR CHh VB AHERRPRG Hroller for

such a touctyseseeiveithareas WitaiiR CaPapienaett proRrRe PidmeariteRIfivla Béwaeh thtefpsction,
producing m*n measurements for a matrix_with m rows and n colunrbns. 'I('ﬁe ca aﬁcétance is measured by
D oplying 2 (- SEMAAER CR A NEURH: AL TEONE AT RERRE BRFIt Bhily. to be

a column), anshmeagetngotiseaisreifene pted istoreatiheofirshutipteoimgbare measured in parallel,
and the process is repeated serially for each column, or partially in parallel, with orthogonal excitation
wavefbrms used on%‘%ﬁasc%{%gr %(%MWIEE@%?@E&W@H%Q@%%'& *be used on the
multiple colwpasifiestidesealet ot if tRedecsrppligat anaNings63 &hé tesdilipt siubeldv.201kkrwhich is
incorporated %efere cein its ?nﬁireta/b.l&f the use“ fingr%r IS movedfclos todone. of the hntersections,
then the cap‘;;? a5 angd aspects of the stibject matter will become apparent from the description, the

drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
15 FIG. 1 depicts a diagram of an array of rows and columns for a touch sensor.
FIG. 2 depicts a diagram of another example of an array of rows and columns for a
touch sensor.
FIG. 3 depicts a diagram of a graph of measured capacitance versus a perceived touch
force or proximity signal received by the touch sensor of FIG. 2.
20 FIG. 4 depicts a diagram of an array of rows and columns for a touch sensor.
FIG. 5 depicts a diagram exemplifying fringing fields that exist around a row and a
column of the touch sensor of FIG. 4.
FIG. 6 depicts a diagram of a graph of measured capacitance versus a perceived touch
force or proximity signal received by the sensor.
25 FIG. 7 depicts a diagram of a hybrid touch sensor.
FIG. 8 depicts a diagram of an array of rows and columns for the touch sensor, where
the rows and columns have a diamond pattern.
Like reference numbers and designations in the various drawings indicate like

elements.



that intersection will change. The user's finger is conductive, has dielectric constant different from that of
air, and, to the extent that it is conductive, has some connection through the user's body to the controller
circuit's ground node. Some combination of these effects will cause a change in the capacitance, which
may decrease (as current flows from the 20transmitter into the user's body and to ground, instead of from
the transmitter to the receiver) or increasp EsqurE S ossEIeNT ibe transmitter into the user's finger, and
from the user's finger into the receiver; the user's finger is more conductive and has higher dielectric

constant than air). Tha FABHAIMEIPHER BeEeeibeesaig erecRade drareleaiaical |y tRRAUTNEITNESR curs at

higher frequepgigms\Whithealiewsfoantoce iptab arenrg Hislestereeeive a iengsiietearttiarupgritd, which
allows for higher signal-to-noise ratio (SNR). The decreasinzhmode is therefore used whenever true

capacitive tot€7385Neabl &AW ML A 0SS OVeHact) QNEL FRBHRIATGLIK PRIBHAIAHAEAM used

because it hasrpeidvasliationitorgenlities PR GScrtrecesitio NP s el otruatraet Wig force, and
therefore res&%lds tongven a.very light touch. In some lications, however, an ana measurement of

| a log.
e coors 1ol SR T A HBCeA TR e A AR PGB CPLLGH AR AETScCHon A BORTS e be

mapped to caeagirent@iYaansiatkingte parelielaptiiccornagsoriwitagaceincis v delectic between the
plates. When a force is.applied to the _?‘?é;l)acito the dielectric materirz

| def ,and all the plates t
e oo AU YL e A D B RO AT P Y SoABE et b

constructed,®ith@XgMmpleevdito Witle), QvieraeBingniie anvenotonmedand aadieleciriovunigralobgtween the

d col . Thi tri b dinth t t itive touch.
The bfce-scHEIEEFLA BUGFIs A FERSHFERE 1 SoReates 58 AL RAAUNRE AP M the finger,

such as withparatidljsuhktommeying. exciativishpdastioriecdustayiningithas calubesises texapply, force

N e TR T R B
Patent Application No. 12/838,419, filed July 16, 2010, which is incorporated by reference in
its entirety.

15 If the user’s finger is moved close to one of the intersections, then the capacitance at
that intersection will change. The user’s finger is conductive, has dielectric constant
different from that of air, and, to the extent that it is conductive, has some connection through
the user’s body to the controller circuit’s ground node. Some combination of these effects
will cause a change in the capacitance, which may decrease (as current flows from the

20 transmitter into the user’s body and to ground, instead of from the transmitter to the receiver)
or increase (as current flows from the transmitter into the user’s finger, and from the user’s
finger into the receiver; the user’s finger is more conductive and has higher dielectric
constant than air). The mode in which the user’s finger causes a decrease in the capacitance
occurs at higher frequencies, which allows for more total energy transferred in a given

25 integration period, which allows for higher signal-to-noise ratio (SNR). The decreasing mode
is therefore used whenever true capacitive touch is measured in this disclosure.

The “true capacitive touch” measurement is used because it has zero actuation force.
It responds to the position of the user’s touch, not the force, and therefore responds to even a
very light touch. In some applications, however, an analog measurement of the user’s touch

30 force provides a useful additional degree of freedom.



Within the array of rows and columns for touch sensor 100 shown within FIG. 1, the touch sensor 100
includes transparent, electrically conductive rows and columns. The touch sensor 100 has row conductors
130 formed over a deformable dielectric 110. The 15 deformable dielectric 110 is formed atop column
conductors 120. These conductors may be made from indium tin oxide (ITO), but other materials may

also be used, such gy sitdipiaTorvdiingy Vel Aeacslcameitlivieg toatauetrighathaarnarprte opaque but
small enough to be relatjvel inconﬁﬁ)icuous. The illustrated configuration yields conductors arranged in a

two-dimensi6HRASIRA YA RTaEmabis dislsritR e roleddatfS R B Aiffy s aamiediiP farallel 20to an
x-axis, and cibebiorOMEuRtsstHeima et BstRISIANY, BadaliRIVe thyxiss to mbobelusansgethep mekides

wide columns and wide rows that overlap, ieldirég'; a parallel-plate capacitance at the areas of the overlap

between thel R5U68SEH INE SNEAHEET £ 3RS 1N GhRe BBTBLS O SUF IS SBRIBIH 018 SABSHHE AV EOAnd columns are

positiened opx@gpiiepie vasQTovEdpp g exivealld cHlgn® peliesit shaetiae exanenieelMhen touch
sensor 100 25receives force a lie{????% an external force, such as by a user's finger, dielectric 110
deforms and 9&¢ tHSe Bt fraREd s @Eﬂ(ﬁ@iﬁ%&'ﬁ@é@%@@ area, causing the

mezsured C@Qp&éﬁﬂﬂ@ﬁd@@ﬁﬁ&&f@ﬁdﬁd&@é@ﬁgef&?@ﬁ@@@@@@l@@éﬂbwmh%tdmdﬂy\@e@ﬁmmwmni can be
read out to measure the capacitance at each of the m*n intersections, independently. In FIG. 1, the
ot onc VS ORORNER 2oL LR L s S TR B T Lk B (e RS hiad to the

sensor. The foig@imashincadbeau pdty aicaple Poess(@itioding, Sensearresel ingfreondutivetpfestit a user's
finger or from some other cogﬁuctive $r non-conductive object, su&gn?s a S%/i S instrumﬁnt or some other

noncﬂ)(?'lductiQBJ’f)(l\t}'e@tr.1 © Ut thﬁéqvé Crectans) rEteRPs [IMeRN (Qrt‘f‘TJeo atitatte fiBm each row to

each columrmxisnsphostiente saeRsusedhe daracitarIce. from each row or column to ground. In a 5system

loying this desi lith d I , de, not m*n. In thi :
tne paralle plate cAVARKNEAIEN O CCE AL UL thoSh QDD Celohr e A GRAUHE i, Rt between

the row and thechakursur. Wdandinddhitsaaspartetelectsidaligectnduisiappind @idofertingn Dhetpooht may
posiions (L S5 S8 A TGN BHEIE L RHER U AR R B A o F colarmns 2 and 4
but fakces atdefﬁri_ﬂiiabm(djel%):a'mﬂl(ﬁl R)forithedsstgecs vt twrrdased ¢apaditaseeamitibase ISapBerows an_d
Couree ocal DAL FBHIE EHLe b ) A AN R S MR R Kb arc.
touched. Thevires) artiigecosts ahisalisdes teloave bhgreleoy dorgedy bpxgud Do emgllanbegirigtibenethods to
resolve amope?a%%w%icn&gﬁg%gﬂgl Sl%uerﬁFuls?%?gé)ggnw&L}Pa%ion yields conductors arranged in a two-
dimensional orthogonal matrix, for example, with row conductors being substantially parallel
20 to an x-axis, and column conductors being substantially parallel to a y-axis.
Touch sensor 100 includes wide columns and wide rows that overlap, yielding a
parallel-plate capacitance at the areas of the overlap between the rows and columns. In FIG.
1, the dielectric 110 is deformable, and the rows and columns are positioned on flexible
pieces of indium tin oxide (ITO) on a polyester sheet, for example. When touch sensor 100
25 receives force applied by an external force, such as by a user’s finger, dielectric 110 deforms
and decreases the separation between the rows and columns in the depressed area, causing
the measured capacitance increases in that area. The capacitance of the matrix of rows and
columns can be read out to measure the capacitance at each of the m*n intersections,
independently. In FIG. 1, the electric field is within the row and columns, so the sensor
30 primarily responds to a force applied to the sensor. The force may include a physical

depression in the sensor resulting from a touch from a user’s finger or from some other
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inspiring force. The features described below can offer m*n architectures that provide correct results
when two points are touched almost simultaneously, or when points move so that they lie along a
horizontal (parallel to the rows) or vertical (parallel to the columns) line. In FIG. 2, touch sensor 200 is
shown having an array of rows and columns. The 20touch sensor 200 has transparent, electrically

conductive reyyrigitf € olumaRscohaa daUEbIeRsSickOs Ras 10V SRNHHEOET SeRPePikionsd over a
deformable dielectric 110. The deformable dielectric 110 is positioned above column conductors 120. For

reasons desEPHEEBERRIE e touch sensor 200 of FIG. 2 has relatively narrow row conductors 230 with

relatively wide spagasihetweeartisidsiupé ety epmebsiarg de tapatifanck stomsletehpeetseschoth the
above-noted parallel-plate calgacitance, and a frin%i_ng %atfacitance that maﬁi be interrupted kﬁ/ the user's
e rd

finger Such SXHBx FSRBPIIO BRtASH TR AR EAMYRSD ARG MR, HAEYSrdd From the

parallgl-plate wagacitapesi@ptie dedtprialtheivean the royslaRthsawmméaiorenserdigh amatiélgibre orients
the top conductors in relativelg&sparsgelel tive orientation, Vl\ﬂ/JH-I space between them to ea:llow 30t£e field to

fringe up; an&anBIESIERE SifRrLeh BIe FARACHIRCeIVRITE R QFTNESRe, FAV R ted with

this propertythe@fr eané@e andtasearst pEteiWSAN R sbwihinddeptgraay etiestigeraddrcbave this
property, using the fringing field between the diamonds and the parallel-plate capacit ncxf where the rows
820 andl cold i 83585 B9 AR CHRANLY Br4SSPRGAIR GEER tes RohHIERICIOE IRGSdctors

230 are narramveiesieafb@vdd@sethat shexarisie | d6a6:Sappoingbhe weB e 304 odnNdentrEse230 to
reduce an amoun%%s arallel plate capacitance betyween the row conductors 230 and the column
condifetors 13CEE R KA POSL R P e PATES AR PSSR R R AE S etlruption of
the fringing fieldl (Gan)heilelssigahdyithmaensar dapaoivists b1 tdse ging: copsaitanesuiong touch
(non-force) ?iﬁnal. Other imglemeﬁtation mgry b% cogii@ured like FIG. 2, for example, the diamond
pattern 800 'ﬂ@.née | é?a}’g SRR frythere %E%HBE@ R0 %TH%%%PE%}H‘& FIG. 2 can
serve as bothozefitidbsoaprcitvatitmsdorsipdospining farte dersednasiiive, BgrRoNkIdeeiBRent \setyugmesaisuring
changes to the fringing field ang th edne ic field in the dielectric. For instance, as a force-sensitive
consor oucH AT BB LA M B tBUEH e L APFIC FA0RUFe A BTBaY place
15 to employ heuristic methods to resolve among competing potential source locations for the
inspiring force. The features described below can offer m*n architectures that provide
correct results when two points are touched almost simultaneously, or when points move so
that they lie along a horizontal (parallel to the rows) or vertical (parallel to the columns) line.
In FIG. 2, touch sensor 200 is shown having an array of rows and columns. The
20 touch sensor 200 has transparent, electrically conductive rows and columns. The touch
sensor 200 has row conductors 230 positioned over a deformable dielectric 110. The
deformable dielectric 110 is positioned above column conductors 120. For reasons described
below, the touch sensor 200 of FIG. 2 has relatively narrow row conductors 230 with
relatively wide spaces between each of the row conductors.
25 The FIG. 2 structure produces both the above-noted parallel-plate capacitance, and a
fringing capacitance that may be interrupted by the user’s finger. Such a structure measures
both true capacitive touch, from the fringing field, and force, from the parallel-plate
capacitance, as the material between the row and column deforms. Such a structure orients
the top conductors in relatively sparse relative orientation, with space between them to allow
30 the field to fringe up; an example of this structure appears as FIG. 2, but other structures are

also contemplated with this property. For example, a diamond pattern 800, as shown in FIG.
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15capacitance is measured resulting from a force applied to the touch sensor, providing an additional
degree of freedom. For example, with a user's finger, an amount of force applied by the user for the touch
can provide the additional degree of freedom, such as having a light touch to indicate one type of
instruction and a harder touch to indicate another type of instruction. Force-sensitive sensor designs can

also allow togigh8epsesAPsLied® Aslualas HeparyohiemIRieANR B BeaMePURIREVINaA Stylus

instrument (e.g., a hard plastic rod, or any conductive or non-conductive object) for providing a signal
correspondiff4dNhBHEHE-RIREARAHLHIC NP She o2 RRLCALRIR RPAHOF L O¥REL G rea, for

example, thefigtrer eavbmieRsvRd patisrly at one intersection in the matrix, and that measurement
may be proportional to the force applied, For applied force with a relative_lé large contact area, for

Dbexample. he fordB FIGy b oM o UEtArS ARATR BRCON Lo PR R A RBSS Aaturements
may bg propgriigngbaieeritkegal ebtaatioree3over hir eran aheashopaisniapiatespatinaand therefore

to the applied pressure. In this disclosure, the terms for force and pressure may be used interchangeably.
I some imp BB O SRS S RS SRR RO A2 SBTCBrY U BASPAG
measuremetiitgph the s ceriousorsOiuee form sByhapadRstptiod astrefirigingicRladanperasastas a "true
capacitive touch sensor," touchli‘ae sor 200 generates meafsuremerbts despite the absence of force. In this

sense, true PRGBSI RTINS AQ A RY A HERTANGH T IO WBIPRIHAF NS LS finger is
brought into ipiglméitatith omiyiedexssigivedhixérmang, fefdadriges ansoiam biis piivgrbgapacitive touch
signal is genls_elggted in, the‘i(‘r)gi(:h sensor 200, even if the user does not apply pressure to the sensor, since
a medSurea cﬁeﬂ{dgtﬁ'i t@ﬁg&@ﬁﬁﬁ& can be determined when a user's finger is brought into

proximity with the friggilegcfielti ofrth® sensans$sipoe dhe G cpesnetRamia appdycagmtivéo actuate the
sensor, there is no resu];in@ frictional force. if the user's finger moves within t(%% rs)lane of tht? sensor, and
r

the user doeS 't JE&FhigTA EFr'a?Bﬂé'f#?ﬁi%%P&ra@ﬁ%ﬂ\ée!}ééP%aﬁHﬂgg. HES IhRG AT I citive
touch sensofigrhareieratetoribéigldgiiamn aidletrise rfingein oy bthe firtesseasilitheyaiare wairespond to

(outh force BAEEH B0 LR IR SRR GRS DSSEhICe by e SO NI 300 of 10 2.
Specifically, capacitance is measured resulting from a force applied to the touch sensor, providing an
additional degree of freedom. For example, with a user’s finger, an amount of force applied
by the user for the touch can provide the additional degree of freedom, such as having a light
touch to indicate one type of instruction and a harder touch to indicate another type of
instruction. Force-sensitive sensor designs can also allow touch sensor 200 to be actuated
20 with objects other than the finger, such as with a stylus instrument (e.g., a hard plastic rod, or
any conductive or non-conductive object) for providing a signal corresponding to the force
for the sensor. For applied force with a relatively small contact area, for example, the force
may be measured entirely at one intersection in the matrix, and that measurement may be
proportional to the force applied. For applied force with a relatively large contact area, for
25 example, the force may be measured at multiple intersections in the matrix, and those
measurements may be proportional to the integral of that force over the area of each
particular intersection, and therefore to the applied pressure. In this disclosure, the terms for
force and pressure may be used interchangeably. In some implementations, the signal
produced by the force in the touch sensor may be an analog measurement of the user’s touch

30 force.
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15 as demonstrated by FIG. 3, as the user's finger approaches the touch sensor of 350, causing the
measured capacitance 310 to progressively decrease as the user's finger will interrupt the fringing field
from a row to a column. The capacitance due the fringing field is the dominant capacitance in this
instance. After a point where the user's finger touches the sensor 360 and begins to apply an increasing

force of 370, the cappebanas: AftEaSeH IR iheigasallebplatm@asaratitanpadnrreasionlehesomes the
dominant cag)iﬁitance. This represents a hon- monotonic transfer function from measurements of the

perceived tofH4SRISTH UIRIIRIAES MESSY EMINS HEFRIE HReRssaRE b IS ESnit AR seSfuiitfon depicted
by FIG. 3, a gigsicHioé touehesnmadERSse shB Aig-8pedioh eRetBR dRHChRE RIRIMAYINE RS the measured

parallel-plate capacitance to_the point where that parallel-plate capacitance offsets a decrease in the

25measured AR RRITULH WG YaHEtes SLpa hedrRaigH BRI HIRGRGXapdliEaHe effects, and

yielding resultpibriveliirerir)vdn e henéh@ddsertieueles snadieropteleriotef therskrsaiodbpfiyrhere may
be other measurementiﬂé)erformed in other implementations of touch sensors. For examfle in some

other implenfEREHTBAR TR RRhcARRR WERASHEEARINARGR R HstRAEHARSR CaPESIER B round,

instead of frem@achstew fheach sRIUENDittroxaking WitHtheeaBgiRg Bl dngteadnabm Since the
measurements. In this cabse, theﬂ al[alle plate ca acitﬂqlce woulcﬁloccur betwafn the row oLfqumn and

the ground pHEHEISIIEARLBICARLY IR RACBIATR e ia o FIEJS RoUERSnE SGH B R ations
employing the tehiseredriameniss Wahinahblabieolaidelesinarebeh (Rmelsedepefse iy (or their
locations) when farce is applied at more than one point, even with complex modeling and computations.
e cArior HONGITELE AT PRHICHES tha i o e LGP AU VE SH e SEHHRE R efforts
are observededpisatl gomepakthiereneigyulerdtinger, abtheetfansmitie tiesoftaycanteethendser eved seturn to
ground throu\%h the user'af ragI capacitance to that node. This stray capacitance may occur, for example,
if the user is &d‘%&ﬁ%’ ViRE @ Eal case, even through a non-conductive coating, or, failing that,
through the user's fingeG 3 cassardibcafddeamper3niab eideetdingenoigl guthdbtbelsdiogencan also be
close to other elements in the matrix, for which some elements will be nded. This first effect may
ocrease thESEPERENE R T8 T A ERRTE G ST e B By i S e
transpsitter candemaplstristtal thelIsR3s dingeruibrougipthapisenchileshe audtiensoubbBB0edaseirs finger to
the receiver. Because the dielectric tant of the user's finger, which is approximately the 15same as
{ 4 R R

salt water, istﬁ‘SrB‘SP%Hr ﬁ?gf‘%lltaaﬂﬁe SR ARERNE %8686 eré% H5erey AR difed

energy. Titwegivwy fédfe dtsraanrpwotiug ediffene mhe spomirs dodtkaentigyifipficldas theadopitmanepending

on which effect dominates, there magl be a non-monﬁtoni%relation§hi§ between Lhe meas%sd s(i]gnal and
mge an

the distance BT R A ML TGS b AR A & ighq Hinger touches the sensor

begins to apply an increasing force of 370, the capacitance increases as the parallel plate

20 capacitance increasingly becomes the dominant capacitance. This represents a non-
monotonic transfer function from measurements of the perceived touch force to capacitance.
As a consequence of the non-monotonic transfer function depicted by FIG. 3, a user that
touches and presses hard enough on the touch sensor may increase the measured parallel-
plate capacitance to the point where that parallel-plate capacitance offsets a decrease in the

25 measured capacitance corresponding to that user’s interaction on the fringing capacitance
effects, and yielding results that obfuscate whether the user touches or attempts to touch the
sensor at all.

There may be other measurements performed in other implementations of touch

sensors. For example, in some other implementations, the capacitance can be measured from

30 each row and column to ground, instead of from each row to each column, thus making m+n

measurements instead of m*n measurements. In this case, the parallel plate capacitance
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20to improve performance of the sensor, touch sensors can be configured to operate in either a
strictly-increasing or a strictly-decreasing mode to have a monotonic relationship. The strictly-decreasing
mode may work particularly well in some implementations because this mode may occur at higher
frequencies. The effects corresponding to the strictly-decreasing mode may also occur with a greater

separation baeesdds begiehfgercanertba daicihaans g dhlgipraandhacsnees fiRgenberPiRes very
close to the sensor, the effect in which current couples from a transmitter, to the user's finger, and then

through the GSBIMG-a R8I0 FESHRHAR SER501 KARIERE A tRSLIRRIP WA PR A ER IFRRRIERFAifow a larger
thickness fomihg iass ieldie kavehiab R Isenseindenardetipy (orRIRIP estRIEHS WiteNEyRse iBay use the

strictly-increasing mode. As described below, th%egorgiﬁ be other effects on the mode that 30are a

function of frRRIEHE}. more K ere BeL-AYSH YN RXOTROSRBHARA R Wene implementations,

itis passible to arrangesdlRens@itRmed, thaka fivst anwocheaprcianeiveatiesied Ry facrRasha second
and different trf_ipggin capacitance canfge affected %/ the user's f'n%er. This rrangement can be
ey et s 0

accomplishedl 3PP APSFEREO AL S SOG4 RS HARAD: @iRG NG FRRBRIIGtAthe front

(toward the fiRgv)istcdiocie(awaduhesigoia gidaspilbe sensarafdagtisitansdtionpsterayires can have
this property i‘ﬁsr example, as does a diamond 800 pattern (FIG. 8), or an interdigitated pattern, or others.

The sensor CANSIRCRY R BRAHRAGR AN BFEHT 1 SXample, Hrber ST fhg e ¢ SRR £ Rdium tin
oxide, ITO) tsaeeshesughlyesiecoRECioe etadnglastitafilmy sblxsHataghhBesaRsar fingyr Peephaseehabove a

ground 10plane, separated by a deformable dielectric. material. In particular, in FIG. 4, there are
narroll row CBRUGILIS S50 R ONORSR IR TEHG G <"238150 PR IAEe B AE GIATENH KL of e
rows 420 anchixeiygenvedch einee lkalgmag/iBbe dieitdeeh BeFostéfechidasetmuseandustgrs 420
above the column %ﬁnd@gtors 430. Below tr%%c%lﬁmn cong%%ors 430 is a deforr&?tge dielectric 110 with a
15ground pl&AE MAB A RMQH0e FRE AL T B BT O LIS SPETBYLIRUARY FRIdR TRESBW Yonductors
420 and the defoomsibladieleaisia 3 th@ndiira deiaishis diedecire R4 supositienserbefiwaandhe
column condyctors 430 and the grou % lane 4453. In terms of the_perspective. illustrated in FIG. 4, the
row conductiFe TorIe HEINERLE FAL G EBOPHE dThar o G ot th BERBI G e grounc
place440 is womsiderdtitatde isnagmranth 2Gihsf aihehivyardrsinesa e cbeptipigssffedihenddnvirasd
capacitance in FIG..4 can be fringing capacitance between the respective rows 420 and columns 430.
Since the row$ E6™¥EY T #ins 430 can be roughly coplanar (e.g., the separation between the rows and
C(_)Iur_nns _is re!ativelvmmwld)) effeeticeyimydikick chffdrentaugitysey funttigienérlfy. flollu Foatemenplary
fringing flelddlenp%ﬁ |ﬁ8 grﬁ?/v%nlccihae{‘?é’\c/tc orr]r?i%%gsr, L%hzeorearrr]l%y be a non-monotonic relationship between

the measured signal and the distance from the user’s finger to the sensor. With this in mind,

20 to improve performance of the sensor, touch sensors can be configured to operate in either a
strictly-increasing or a strictly-decreasing mode to have a monotonic relationship. The
strictly-decreasing mode may work particularly well in some implementations because this
mode may occur at higher frequencies. The effects corresponding to the strictly-decreasing
mode may also occur with a greater separation between the user’s finger and the touch sensor

25 (since as the user’s finger becomes very close to the sensor, the effect in which current
couples from a transmitter, to the user’s finger, and then through the user to a receiver
dominates, and causes an increased capacitance).This can allow a larger thickness for the
glass for the cover of the sensor. Some other implementations, however, may use the
strictly-increasing mode. As described below, there may be other effects on the mode that

30 are a function of frequency.
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25a column conductor 430 of the touch sensor 400 of FIG. 4. In FIG. 5, the fringing field lines 540 can be
symmetric on both sides of the row conductor 420 and column conductor 430, where on one side, fringing
field lines 540 extend out from the touch sensor 400 toward a user, and on another side, fringing field

lines 540 extend out away from the user (e.g., on a back side and/or towards a display). The fringing field

on the front side of A auehiae eGP eRNRENISELRERMOY e UseinssHRanfichidifuifna ftye capacitive
touch signal, which tends to decrease the measured capacitance. The f_rin%ing field an the back side of

the sensor cBAHBIGHRANRPIF A SEAPETHEbIBRR VS TEHAD BFRPACHAGGH & FiirRiesRY TPHHR 859¢h sensor is
pressed withsgcomiernd eetise eigeihepdiiesencicterarfedtedo) tausReyathigvalthhe ground plane

440, causing a fraction of the fringing field on that back side of the sensor to be shorted or. at least

partially ternfHaRG8MS YRS ATHGNRNENEASHIRARANEI ALARTY ORES that SRl ANEREe flows, at

least in part fitgitrefiewrchbtanReAféhtidieardertarsesaerate@ueiCapanigngs stiehdy tielative to
the capacitance measured if that ground plane was not present. In FIG. 6, measured capacitance 610 is
related 1o a JENSTh AYRBUEH HAHKLTBESEMTES Ca A HIR RESBRSNin Ry SiamRl%20 FERS R BB touch

sensor. As tigeqpgiteriiiBES. ¥)appanactesi jiattaysitsensebitdstheveanivieche andataadteRidie
decreases. As the ﬁll:wsfer begins to toucLh the sensor 650 he_capacitan@‘e decreasas, ancias the user's
e

finger is appTEElfth 10h SXEPUASe AP 8" ABHSHILCREEAIGHENVE thiShd PALEIJHLRNdS HAEBT Moves

close to the gopyssekp(@Ea.) Dpetiealistit firnuseiadtegamerasses vanvighltdyednd oapagianase decreases
15because the current that flows qut of the transmitter of the sensor can flow at least partially through the

user'éofingerq@rlﬁ’oi?rqa% B}ﬁ %Hefﬁér%"i‘q'sea 1SS RaREL tion to circuit ground of the user, instead of

flowing into the recgivigaratiing, 9arRQ. 4f ther¢lary salingerquasseiiveh tryeasetivwadiemthe
measured capa@itance ﬁ% creases further because the roym and ch f the sensquﬁ‘n move closer
WO ?381 Bhik

ns
to the groun8°;§'| wi %@?ﬁ@%&ﬁ&%‘*%?%&% finfh @Hgg}egf’ﬁ%vﬁ?é €of the current
flow into the @ownd pROeThsteachafetiver 400 includes row conductors 420 above the column

conductors 430. Below the column conductors 430 is a deformable dielectric 110 with a
15 ground plane 440 underneath. The column conductors 430 are positioned between the row
conductors 420 and the deformable dielectric 110, and the deformable dielectric 100 is
positioned between the column conductors 430 and the ground plane 440. In terms of the
perspective illustrated in FIG. 4, the row conductors 420 are considered to be on top of the
other layers shown for the sensor, and the ground place 440 is considered to be underneath
20 the other layers shown for the sensor. The dominant capacitance in FIG. 4 can be fringing
capacitance between the respective rows 420 and columns 430. Since the rows 420 and
columns 430 can be roughly coplanar (e.g., the separation between the rows and columns is
relatively small), the fringing field can be roughly symmetric.
FIG. 5 illustrates exemplary fringing field lines 540 around a row conductor 420 and
25 a column conductor 430 of the touch sensor 400 of FIG. 4. In FIG. 5, the fringing field lines
540 can be symmetric on both sides of the row conductor 420 and column conductor 430,
where on one side, fringing field lines 540 extend out from the touch sensor 400 toward a
user, and on another side, fringing field lines 540 extend out away from the user (e.g., on a
back side and/or towards a display). The fringing field on the front side of the touch sensor
30 can be disrupted by the user’s finger and provide a true capacitive touch signal, which tends

to decrease the measured capacitance. The fringing field on the back side of the sensor can
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receiver. The measurement of the capacitance illustrated by FIG. 6 is therefore monotonic with
respect to the user's perceived touch force. The monotonic capacitance characteristic can allow a
mapping of the function of the capacitance to a user's finger movement and/or a 25measurement of
pressure. Techniques employing frequency can be used to distinguish between the sensing of the

capacitance fesilling 9 forriab lindercanit 1w caBacHee rasting fronhihe dercerieplied by some
other object (e.g., a stﬁlbus instrument, a conductive or non-conductive gbject). For example, the

capacitance RIS YIELR (PR GRRICHNG OPIesh ARG #P R AL B3R @ YA I fue to the field

within the dejesumatieféelaotiiaeingdaentrof RatRidgagFiarnt orthd eacesier Fxrssessing e
capacitive measurements at different frequencies, a determjination can be made as to whether the touch

sensor is toRREEGY A FRSEPaHANK IS MIaRD MCHISRIEHDE Blafct40- WBUEPEEIAYRY RS ase of a
user'ssouchtiieraiase R alefieathatean e utiizpo o prakinathisiistinatiensts drtermine the

sensing of the capacitance resulting 5from the user's finger. (as opposed tQ determining the capacitance
eeuling froMAARIENAROR CoTve IOV By, R et CFmR R o PP s o

capacitance ghtgirgsegiue to the user's finger may change dramatically (e.g., around a factor of two or

more) with a change in frequency over a practical range. For example, one effect results from the
impedance betweelMtHLuSeMEAARE CEMFONBH L0 od TP AGUECANFRA AP B3R AR F0the

frequencies edririgastinpproamiodsighes2 raparithpy ehelidadissnsony Alsmbasearanively-coupled to
ground as a result of bejng in proximity rounded touch scree e user can be grounded
Capaditively 0T B RpIBE SR 0% B AR AHCED B Bl BRATESet A R EEELh vary
significantly tbyoadhatersehsir6BsttHeres ioioneduaitbascdiractianhdaenendifnggdoisexppngley oh shether the
user is standing in bare feet on a concrete 15flogr abpve metal decking, or in thick-soled shoes on a floor
ad from AURTEBR DI B, Do BPALEeFS S GRASFothe 15405 SHORLMRYED GI56rd Wen be modeled
as a capacitgrandSgidine user may be more effectively grounded at higher frequencies than at lower
frequencies at Ieasﬁbec us caf%cqitive jmpedances tend to d (geaﬁjg with increased frequency.
20Moreover, at higRRFSgUEN e e tret rﬂgeéﬁ%scﬁ?fé’l}lé% InHES DAY TISEEECe due to the
capacitance issvalbatiugorieen tendiesvaboniigheurepniiiotélony thatsehibe daarflontielsabtipartialish sensor,
acitance can be observed when

through the yser, and eventually to ground. Thus, a large decrease in ca
the user's AU HSAERBS AR LR FHRRS PCATR o SR A 5 DUty A CETENE in the
measured capaleitasae instead of flowing into the receiver of the sensor. If the user’s finger presses with
increased force, then the measured capacitance decreases further because the rows and
columns of the sensor can move closer to the ground plane, which causes the separate but
20 complimentary effect of having some of the current flow into the ground plane instead of the
receiver.

The measurement of the capacitance illustrated by FIG. 6 is therefore monotonic with
respect to the user’s perceived touch force. The monotonic capacitance characteristic can
allow a mapping of the function of the capacitance to a user’s finger movement and/or a

25 measurement of pressure.

Techniques employing frequency can be used to distinguish between the sensing of
the capacitance resulting from the user’s finger and the capacitance resulting from the force
applied by some other object (e.g., a stylus instrument, a conductive or non-conductive
object). For example, the capacitance with respect to a user’s finger can vary with frequency,

30 and the capacitance due to the field within the deformable dielectric can stay approximately

constant with frequency. By assessing the capacitive measurements at different frequencies,
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25At lower frequencies, the user may not be so effectively grounded. If the user is less effectively
grounded, then instead of the current flowing from the transmitter, through the user's finger, and to
ground, some of the current can flow from the transmitter, through the user's finger and then back into the
receiver, since this impedance path is lower than the impedance path to ground. Generally, this results in

a relatively smpildingiiears ibadQeanagdas eewhbictr eambinaswiibriiadruepsethearaciangr dascribed

above, yielding a smaller net change. Since the dielectric constant of human flesh is roughly that of water,
and thus greRfeRREPMHEERY e ace, this effect can, in some implementations, even cause the

measured capacitanfidpangcarRss WheRethasdseh i inaciisc R esavtaip sieas nh dgeRas Gl to the
effects, measurements can be performed at different excitation fre_qnuencies, with the user being relatively

well groundelf HfHR ARJIRHES LSRRG Lo B A EAlEI RIS IBR AACUNG A WhAAPRCIREBTHERMY well

grounged at f@neiheaueneirseryiSldipeoldd e lctanpasiiaNee. capaditintra daiRtmgensiive Fensgor signal,
the force-sensitive sensor ca&acit nce relates mor(? to.the field é\/ithin the dielectric of the segsor. The

dielectric coRBRCMREHR ESheTdThS ety B IR -2l 06 RAFHER SARSGARERERANGF such

that there maydettae mech flieaplhangrde dreretieariiqpes aMemieddere)of the eaparERnGeh within the
deformable djelectric can relatively ideal, chalnr%in b% no more than a&ewgercenﬁrover a reasonable
il o

range of fredtIBRES 1R UGN QY-SR Rl UGRIRRI A AGE SPIHRYE L & SWRYYPHSre. In some
implementatigidiie sdricrlstielesieshtombesdieltrirccan baysua desaultivit inahdoescahehange
over frequen yféé more. thaE that amount. A s[#ﬁ eéfectl magébe obseltved 15due tci#h resistance o.f the
condifttive tFEl% ARG T PESHRSERLMEY R ATE ed S8 & CaResUanBer USRS Y 4R QGency-selective
resistive-capapiie (B roisltl, tangotiharges toelnoe dsiiigihqapritiitned abtberidegeowsisiasee is known

then this RC_effect Iculated and. d.S techni istinguish bet t
capaciive oLCPRGATONE S SHAGE SO od DR L i e IS e LR, sch

that if the megaatiedsamaciamiesat dhe g Sigaifivantts byedudtediffaréssttravetheopcinditean
assumpti_on that there was éxrob bly a finger touch, and if the rme sured capacitances at the t\évo _
frequencies At CABERT L TaReraaElE 150 YOS B S s eRAP R JBh) 2 o Thpiiea
from an objeftb e aboreshdtas dasking)entin Haclesalepbhoassigreafl generarie frclne pviotckeonalimpe
wooden joists. To a first order, the user’s coupling to ground can be modeled as a
capacitance. So the user may be more effectively grounded at higher frequencies than at
lower frequencies at least because capacitive impedances tend to decrease with increased
frequency.

20 Moreover, at high frequencies, the user may be effectively grounded with the
impedance due to the capacitance small at high frequencies allowing current to flow out of
the transmitter of the touch sensor, through the user, and eventually to ground. Thus, a large
decrease in capacitance can be observed when the user’s finger approaches an intersection in
the matrix, resulting in a relatively large decrease in the measured capacitance.

25 At lower frequencies, the user may not be so effectively grounded. If the user is less
effectively grounded, then instead of the current flowing from the transmitter, through the
user’s finger, and to ground, some of the current can flow from the transmitter, through the
user’s finger and then back into the receiver, since this impedance path is lower than the
impedance path to ground. Generally, this results in a relatively small increase in

30 capacitance, which combines with the decreased capacitance described above, yielding a

smaller net change. Since the dielectric constant of human flesh is roughly that of water, and
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25distinguished from a signal generated due to a true capacitive touch, by scanning at two
widely-separated frequencies (e.g., 30 kHz and 120 kHz) and noting that the former will not change by
more than tens of a percent, and the latter will change dramatically, by a factor of 2 or more, for example.
In some implementations, the two different frequencies can differ by a ratio of approximately 4:1. 30In

some implemeRtgians. Ay thanofcraagiaace i remm ihasakimplaraasiibie felep-sansitie sensor,
where the capacitance is measured at multiple frequencies, can be used to distini%;uish true capacitive

touch (due tGEREUEH ERAHFIUGHIHBVRIBIISGLPCHIRT tHENGTEES BRGREN NSt J6CTB8IRYbrid touch

sensor 700 has spanselio3InaetdcRaniessummensduaioshedormrdep dffatee eRlitivgonductors 730. The
column conductors 730 are positioned on a 5deformaple dielectric 110, and the deformable dielectric 110

is positioned G4 ESNUIREISUADDEING FRIBYNENWRLBRTIEH A1 BI9H LRGHRISH S NI 81

implementatipifiaataeckaréosae-aemsity @ e nse bein el RdiineccpRasciive fledeinerRsgiel ditg true
capacitive ser|sor part of FIG. 7 includes the narrow row conductors 720 that are widely-spaced from
each 10othef, WA RECURISOf wide column conductors 730. The force-sensitive sensor part of FIG. 7

has r:he V\gde colunmqmmme?@ﬁi@@%i@gedmpmémc%@‘@fmamg@iﬁﬁgﬁmdﬁagwgmkw positioned
on the wide row conductors 740, for which the wide row conductaors 740 are dense e force-sensitive
e mare SR P o e B AR T B0 e e S R B Borrer
conductors #38lavndctheyor ereninto sttt antkdaihetdrflerripagitiventtacthsansnly pattief ihehybrid

touch 00 can be ysed t the fringing figlds between th ductors 720 and th
wide Eolume P4 AR 356 RGO ESR UBTENcOPE PAee GhAHE BB co.sensitve

sensor and thelbtte cepaaithti/tdpitese osaigingare tambe: tvensehw e tasaswieaeaisrabrach
intersection of the rffgective row conduéct%rs 72%, 740 and colun]fn Ondijé:ki'rbszr 73 I\}CI?—E the force-sensitive
20sensor and'TH& YUECAHPAHRY SIRRPSLHIG! Bartd B tRe" AV PooMHZ i Bfiffe
implementatiarsenibényleridicuiihsansonatélials sericiell firdrasierestricaadurioss pébrinithe keitom, then
a compressihle, deformable diel?ctric 110 on t%F r?f th r(iw con uc(;&f:)rs 740, then dﬁns column

i %

conductors 86?9{5836}9@18\/8@@&%1%8}/5“ ?Qﬂns &P 8'3&8 P8P B?rffﬂgcolumn

condugtors €3@.td iee codisranceosfcthetonaddctiva trares pakithrieddrebiveeiortva ttoteccapdaittorey 20 and the
deformable dielectric 100, and the deformable dielectric 100 is positioned between the column conductors
Essemast 3 e diradngesd

0
730 and the 18 [B1s &I E Y eo‘i‘%%%%?&%&‘iﬁ?&ﬁlﬁ&%r TR 2PAHIRA B ductors 720
are consideneddsulzel oaptaitafdhelbthe tiayerss stamoe itokribers éresohiaRCtbffociwatongcaltulatéd 0 are
considered to ge und%é eath the other layers shown for the sensor. By measuring the 30parallel-plate
capacitanceq‘P mYNEEehse rows to the dense columns, a force measurement

Some techniques to distinguish between a true capacitive touch and a force signal can

20 involve measuring the capacitances at two frequencies, such that if the measured
capacitances at the two frequencies are quite different, then there can be an assumption that
there was probably a finger touch, and if the measured capacitances at the two frequencies
are quite close, then there can be an assumption that there was probably a force applied from
an object (e.g., a stylus instrument). For example, a signal generated due to force can be

25 distinguished from a signal generated due to a true capacitive touch, by scanning at two
widely-separated frequencies (e.g., 30 kHz and 120 kHz) and noting that the former will not
change by more than tens of a percent, and the latter will change dramatically, by a factor of
2 or more, for example. In some implementations, the two different frequencies can differ by
a ratio of approximately 4:1.

30 In some implementations, any m*n (capacitance from a row to a column) capacitive

force-sensitive sensor, where the capacitance is measured at multiple frequencies, can be
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can be obtained, and by measuring the fringing capacitance from the dense columns to the sparse rows,
a true capacitive touch signal can be obtained, where the user's touch can result in an increase in
measured capacitance in the force measurement and a decrease in measured capacitance in the true
capacitive touch measurement. Various implementations described above may be formed of one or more

of the Smateyipi$ ' dRGABIALIEEclesHFHAN belRvth fRi-esamRiesthe divleairiaday-kerdetoymahle, and may

be, for example, a soft plastic material, soft silicone, an elastomer, or another material that has an ability
to resume it§h9nf8ﬁ%e\ﬂ}98ﬁla deforming force is removed. The soft plastic material may be pushed out from

the sides when it is|deREspafdmgtiareach Bese NTaE Hadspatb R sphcsyaip oRast AR s
compressible (e.g., their valume mal}‘/ not chan?: 10significantly with L%ﬁ)plied ressure), This may mean

that any decfea< PR LA NI SRR PafaY: cARE EQlHT RSN K5 APBTHAICHRINE of the

dielectric, angbfpirablacieplcigcresand thetvikmdl el tislsoric rERMIS isotheoianatieswoiehdingashape
around the depressed area, for example. This "waterbed effect" can mean that any region of decreased

separation nf 9'be offset by a region of increased separation, to provide a volume for the 15displaced

material. For exampige iijstenieatyeuoe FBY oshovgsaresdiiienfthalishentdads prassasksthe depressed
area can ha¥e a decreased dielectric thi%kness %%g decreei}ffd separation between.the row and column
(rl v

conductors), 3G HTESH¥E SRR (AR e Feks ey intPE AL LARREY S ¥hess (e.g.,
increased sqparafiIdetwtiitaionaaod colETheondHCIOEharaeviib B smpenfriipégns may have

e BT S e e e e A e
may also logki! thred ey ersiedeliens suitduiberirm3ehagies dchelp afithedshiialablewiel dtdodetermine the
capacitance GHITE BESH RSN GE S U s G IOHCE o QAR Ao true.
capacitive toareltichss. STheef@rtthessitivplsansntpéians thach gongesansbesor 700 can be used to
measure the force between the wide column conductors 730 and the row conductors 740, and
15 the true capacitive touch sensor part of the hybrid touch sensor 700 can be used to measure
the fringing fields between the row conductors 720 and the wide column conductors 730.
The wide column conductors 730 are shared between the force-sensitive sensor and the true
capacitive touch sensor. There can be two separate measurements at each intersection of the
respective row conductors 720, 740 and column conductors 730, for the force-sensitive
20 sensor and the true capacitive touch sensor parts of the hybrid touch sensor 700.
In some implementations, the hybrid touch sensor 700 is a stack of dense row
conductors 740 on the bottom, then a compressible, deformable dielectric 110 on top of the
row conductors 740, then dense column conductors 730 on top of the dielectric 110, and then
sparse row conductors 720 on top of the column conductors 730. The column conductors
25 730 are positioned between the row conductors 720 and the deformable dielectric 100, and
the deformable dielectric 100 is positioned between the column conductors 730 and the row
conductors 740. In terms of the perspective illustrated in FIG. 7, the row conductors 720 are
considered to be on top of the other layers shown for the sensor, and the row conductors 740
are considered to be underneath the other layers shown for the sensor. By measuring the
30 parallel-plate capacitance from the dense rows to the dense columns, a force measurement

can be obtained, and by measuring the fringing capacitance from the dense columns to the
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an m*n (capacitance from a row to a column) capacitive force-sensitive sensor with an incompressible
deformable dielectric. In other implementations, dielectric materials may be used that change in
volume as 30they are depressed (e.g., foam comprising mostly air or another compressible gas, with the
rest of the foam made from a flexible material). Other implementations may use spacer dots. The air in

the air gaps gaisbedired aadhasieiaunanientip)estian ABGBETeY chHaC R MAvhetibkeshRyedig rigidity of

the sensor rather than the rigidity of the dielectric. The air gap is also optically transparent, and the air in

the air gap id"tAMPFERATHIB. eRs W CAPYIRNRRHNING J9F GapsasteyBRNE ANA A deCthase' hiSehtH Fesistive

touch screengpteitgxempideJineedhe Rivd R bMBIsyampressible, the touch sensors employing the
space dots can sense a very light force, limjted only by the rigidity of the sensor layers. In some
; el ; A

implementations, théag\UHEplametatons des 098 BieY e Farmd ol 2 2o heor example,

the togch seps@sridi§totedraguea vestrtedrpenshnl e aammpheeicdibléttininegbbadonasiednia a circuit
ground. The ground plane may not be patterned in 10some implementations, so that the resistance
RS T ERPnd b

between tw tAXKAGIBIGNA FAHRATEF DA SIOLEY HEOREaARE LTISE SraiIneh BRIFHI sheet

were patternggtingd gnraisinng tofetieneoressaask Gatemage fuetingrfoiogl iplenas /sryThe ssedlaswiher (rigid
and not force-sensitiv%&B/stems, in order tg shield the touchrie%r%sor from electric_aqlbnoise ?en rated by a
a

liquid crystal AL, T2 B5 ¥R BECH UBARE FLes WFTh IS HERFISESS IBEHAHER 166 SREHIE'S use the
15LCD itselfvaisilso@ranagd iebe phidicekaly pignpressirie (8)§)cmsniaions, impigcia®yoid adding

another Iayer.é%. ., a ground layer) to the stack aof the touch sensor, the LCD .itself can be used as the
arourd prand NGy L ARALSH AU or DUSCP YA EEPERE i BN 8 RS Fihat car
be modeled tg plgiaLizd planefibine disilaaddasiisensunshefeha gisteitripautthdhen dcaegs on the
LCD may be considered to b atgqrjﬁ\d. The LCD, 2 tratces maﬁ b dr_iven%at some vopltage having both a
DC compongﬁgﬁﬁﬁfé’ﬁt ¢ %B?r% nent>WHrEHE BEE R{H&Il'é’ t 335'%? HEKEHN t@%onsideration
because thedpugiog dec-H) EogxunthRiambiis capatitieftbe A awaponeahnayibe ohgatenktdt least
because it maﬁ introduce rbois%finttgbthe receive .s(ii(];nal. or ex?m Ii the Aﬂ% corrlgonegt f the signal on
the metal wirS8HEP L ABIOTRE RV 9" SIS GH FehBe !r%fe QI T SRLMSILY 5% e duction
technigiues. Hisplasiancsteriaiseoeduatipicieuhriqhesonaychaagrplpysdriedechisethe dielectric is
pressed, the depressed area can have a decreased dielectric thickness (e.g., decreased
separation between the row and column conductors), and the areas around the depressed area
can have an increased dielectric thickness (e.g., increased separation between the row and
column conductors). Some other implementations may have the areas of increased or
20 decreased capacitances reversed, depending on the area and properties. In some
implementations, software may be used to determine the true capacitive touch, and the
software may also look at the depressed areas with the ring shapes of dielectric material
around it to determine the force.
In some implementations, the ring shape of increased capacitance around the point of
25 decreased capacitance can be used to distinguish a signal that results from force from a signal
that results from true capacitive touch. For some of these implementations, the sensor can be
an m*n (capacitance from a row to a column) capacitive force-sensitive sensor with an
incompressible deformable dielectric.
In other implementations, dielectric materials may be used that change in volume as
30 they are depressed (e.g., foam comprising mostly air or another compressible gas, with the

rest of the foam made from a flexible material). Other implementations may use spacer dots.
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the effects of the coupled noise, such as described in U.S. Patent Application Nos. 12/838,419 and
12/838,422, both filed on July 16, 2010, and which are both incorporated by reference in their entirety.
In some implementations, the ground plane may be replaced by a sheet of material 30with a high
dielectric constant. For example, if the deformable spacer layer is foam, or air with spacer dots, then

plastic materals {ie-o tROAEGABE aRBEMISICRNAYErGria e LiiRlasit i Rgséablcnfiies enupant

implementations, the measured capacitance can increase (instead of decreasing)_as the fringing field is

pushed into tHRIeARREARARY RTdRE SEnseT ISR asihR S 9l Al e 618t tHE ShIAAUHIBY the dielectric
sheet, theseatayignticaIglernespatanasahaavwitecdirlgglric chegtdssipeplapedritbeahehing the touch

sensor, as in some of the S%roundﬁlane implementations, or in front of the touch sensor, toward the user.

In some impfhAeRETBR ST WApLEIATELSTH thEE LY &I ENSHreERS Ry aRIEo BOEH et der of

aboutsl pF igaRakittgeokpiassiBRP&RtRNCAS NS SOMBRRMNEG i Bibe st rah Isutisaldtynay also
contribute to the RC product of each capacitance under test against the resistance of the row and column
conductors. lf&l@iﬁ@%l%ﬂﬂﬁg g@/ég‘r{)@ Y 905G a1t I?rg@@ystem operation is not slow compared to

the frequency of therexsiiatinp lealtaggi chsditeeyxaitRp R SiaRalavlbiiet be IFtteoratest alanpdhat
conductor tr%(éﬁra and produce a | r%e (and spatially a%n%) error in the measurement. F%r sensors
constructed ERAGYSPH, FGF Eﬂﬂpda?e,%ltﬂ%@ BT il S DRVE AP SRV Blagg A5 ShRE! Opacitance

can be aboufFbthatf@hiRnasisciied e fEaindovgrol@RISERE g rmate iidae ipag xar R @attemed 9fine metal
wires, a larger capacitance value Ia%%;tlhan -1pF) can be optimally utilized. When the

forcelepend¥RE dAPARARELS IR e REMEEN AW PR IO THEHRUOA A & 2 or 7,
the value of ffigcoapacitrnieanas) banaridximAtRshly ez IRpsmEAYsioMRl tnAhS itheereaf ehdhe

conductors, BHHP PRI bhe ST AL SRS Y AN VR LY A com
therefore begyeterm)ivedrder aoyhielio thefidberikizisoe s of éhetdetd morblgedstact ioyrmaiquidl chjsmmatrix
Contact DGRl A R S B G G e TSRS FE LSt e of -1
pF. Aisnore aaCDriteleatithaigrodnitiplaapaditaresepledmayndéppiahentthivmich ofdéreo2vattrix, which
may b very UHIE0 5 OHE 6V ah fin SHHLNERS bITES SR Hor GRS e Lomreen
force-dependenkedpa o i @ fimginbicapagyithche o wrbenmbed otitly restadotitesFaéer 4hdor example,
there may b%u%?&er <‘)’¥"’t‘P4§’ é?sr?\‘%ert é%nggrt]ebghr%&?e?g gg rzgl%j(:"round plane. If the LCD and touch sensor
share a circuit ground, then traces on the LCD may be considered to be at ground. The LCD
20 traces may be driven at some voltage having both a DC component and an AC component,
where the DC component may not be taken into consideration because the coupling to the
ground plane is capacitive. The AC component may be important at least because it may
introduce noise into the received signal. For example, the AC component of the signal on the
metal wires may couple into the receiver, although it can be rejected with some noise
25 reduction techniques. For instance, noise reduction techniques may be employed to reduce
the effects of the coupled noise, such as described in U.S. Patent Application Nos.
12/838,419 and 12/838,422, both filed on July 16, 2010, and which are both incorporated by
reference in their entirety.
In some implementations, the ground plane may be replaced by a sheet of material
30 with a high dielectric constant. For example, if the deformable spacer layer is foam, or air

with spacer dots, then plastic materials (e.g., polyester or acrylic) can have a higher dielectric
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30values other than a simple closed-form expression to approximate that capacitance value. The in-plane
distance between the row and column conductors can determine the distance normal to that plane by
which the field extends. For example, for a grid of fine wires spaced 2 mm apatrt, a significant fraction of
the field may extend out by around -2 mm. This can mean that, as the sensor layers move closer to that

ground plangoiRearoungh@lanerkan padinienalines rtaeacian epadrificapily iateend ardigtance of 2
mm. The thickness of the 5deformable dielectric can therefore be configured to be on that order (e.g.,

between aroth eSS A5d Finging TigiddsBudipd dpodhringteanyie e LARKEHB PR Akible,
non-conductgjacsuhstieie sniNsbekhraet alinrunes drpolyestanfb k) pheshpranaxatitplecihe touch

sensor can be made from a top sheet, with the row conductors, laminated to a bottom sheet, with the

10column cAlQYEBRLIRleSHIGS R ISRE MAREHE TS RN DEOHE R RE IR TaiRiL3 e 8% ransparent
pressyre-segsdivel RSV ok ationy cothe fromtitaly folea Rafestsal@thaLpspduct from 3MTm of St.

Paul, Minnesota), or using a liquid ultraviolt-i}]éuv -cure adhesive. In some im Iemeg_tatio

s, the
conductive row and SRIEH BBIERRAHCR 1 E3BHABESIHY IRRRSHSIBRS 611Re " WHfﬁaF?rEﬁsparent

conductive rpatgalrder saraisoln plpgniativientbbeapysaipaciesistyinaptiiespanaterialshenay be high,
in order to achieve an acce [

table resistance, the traces can be configured to be wide, on the order of at
least -1 mm SBREIJEKElra N BRAAE AU RSP AP AME R HEQEREEEES CaRPEBADERLREA d8inat the paralel
plate capacitaapsitheresibaritaessaveinprdassummt besansiooTaigR@pelint dhe rxctiatigurétequency
by increasing tfherfr%c Rroduct of the lines. In Er ctice, this ravagﬁ&%ges ond tofa 20separation of around
-0.1 i, for¥RAMBEEN SYHPELRE" AHBRM B SR SO THRAF B! BOHEA R AEEHE AU Blso be formed
using opaquegogja/ avidesdlaatizagonaignal endlugh bel&tgniatedagong anspicidogtrindtatgrise, the parallel
plate component of thgcap citance rlna}é?be_n gligible, and the two shee maﬁ% placed as close
together as MECHER [9‘?3 ié@"flf[We g R DR RS A o rE Y a‘f?é'ﬂ%tergarrow metal
wires, a pattasimgamdefooatignpis wherestetrmsistacteaiamnit GOnshintqser Nssc vies eaeiticiher more

than once for each point in the matrix. For ex le, each row and each coJumpn conductor can have three
soparate b8 TR gLl cMbaEustr sIUp R T ERTS s ACE PFIREA, T PR Te T or emch
pointif the rfiatrmethlewilies sadargereapaeiteneavdl wlier i3l HIpey camissapiimally thidizdtect of
g e O F e adpandent CapaCIanCs is & baraiTer BlAte Gapaciante) Rin the fUen™® o4t of
sensors of FIGS. 1, 2 or 7, the value of the capacitance can be approximated by C =
epsilon*A/d, where A is the area of the capacitor (slightly less than the matrix pitch squared),
d is the separation between the row and column conductors, and epsilon is the dielectric
20 material’s permittivity. The value of the capacitance C can therefore be determined as a
function of the thickness of the deformable dielectric material. The matrix can have a pitch
around 5 mm, for example, which corresponds to the approximate size of a finger contact.
This can mean that a separation between 0.1 mm and 1 mm may produce the capacitance of
~1 pF. A more accurate estimate of the capacitance value may depend on the pitch of the
25 matrix, which determines the area of the plates, and on the relative dielectric constant of the
deformable material, which may be very close to one for air with spacer dots, or three to four
for elastomers.
When the force-dependent capacitance is a fringing capacitance, as described with
respect to FIG. 4, for example, there may be other ways to approximate the capacitance
30 values other than a simple closed-form expression to approximate that capacitance value.

The in-plane distance between the row and column conductors can determine the distance
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sensor (and thus decreasing the appropriate thickness for the deformable dielectric). In some
implementations, the separation the sensor and the ground plane may be around -1mm. The separation
of the row and column conductors may be dependent on the geometry of the pattern, and may be, on a
first-order approximation, roughly co-planar. In some implementations, the row conductors used for the

top layer of thereRPREtIRpERHRUSNOISRAIAE MaY Badadsacbhakimip RNESIENJRAST iR ypaceyich that

the parallel plate capacitance at the areas below those narrow row conductors is negligible, and the

separation b2 VB o8 AR SRR IRTRICH J18lSMAY GERFIOHIP LSRN contitEtot M8 5¥e made
small. If ITOrigeasatht a5 exasemier IhpstdhasecoRKdeAPALErELAMPIAL SPRARIPG PRIERRRA HRgiFOW

conductors and the underlying column conductors. 10In some implementations, the sparse row

conductors d8AHEHLE FRGAE &' AR eAEoURAR A TARFRRE 4B nd S HIESRESF HrE9$ on top of a

polyester sulsforiattedichoniactad. tHavatoretbickhiesgureth®e belomnhatertep¢ermadetinearsirylaidmanner.
The row and_column rg(gggﬁc ors can be laminated to each other with a transparent adhesive.

Implementatﬁ)o%éng?é1 d in this disclosure where the measurement of 15capacitance is from each

row to each columnthEheRmRKdee R:siNse ihaaabawdionieifomidRisly PR P toneastngestireere the
circuit includes transmitters eivers on res ecﬁv columns and rowtﬁ.gln an implementation of this
t

d
cirouit, the cllf S ARIEHA AR esif PA e R e s BLEv ety e [ HLTR RS B2 Bonitter into

the columnsnidd fidecetoprsbast MEastEertve suHiacions) Mairewes sedihatidie sretgwillews out of the rows
and into the Z(ireceiver. While the desi%rr%]a ion of one axjs as the rows anél another as the columns is
S Hl

genet8lly art5RILRY FPRACIRSIe SRS '8%%éb§|ﬁ9’ﬂq B SRR RE AT NARAASOAnd the
columns genediadharaayppssatiachasitiodhaHssiveiitiessampldntivariops danglenraniainasyéh¢manguctors in

the sensor ma Egg onfigyred in a pattern that increases or maximizes the flrin iNg capacitance, which
can b et oy oD Eh R 1 PTORIE % G d QI NP Bk N LRy lrionad
capacitance Ipajavee intple remaithsahetor(eugtiearalleindl atduean aciianseys wilz hefayiuiiiega constant
offset. The rows and col in the matrix can be nearly coplanar, so that while gn area of a respective
parallel platc D UERE: 7 IR i) LA P S AT HEALAREIE a1 SRR ST ARG e
capagitance xaedanhy fesisigitjiofutteInenatidinafyehediigilas ordyratsacheviDaoatigiprbdln a manner to
make the line width as gﬁrzat asgos§ible or a iveg pitch, in ci der ao mini izettbﬁ resistance of the
traces, whicke T 56 SHFAIEe S ATEch ISP SrLI0 Branide R Iae g e S8 B SR T Mg S capacitance
can be maxisezaratiborkexasepleneoyow and column conductors can be selected so that the parallel plate
capacitance where the traces overlap does not become too large, and limit the excitation
frequency by increasing the RC product of the lines. In practice, this may correspond to a
20 separation of around ~0.1 mm, for example.
In some implementations, the row and column conductors may also be formed using
opaque metal wires that are narrow enough (~10 um) to be inconspicuous. In that case, the
parallel plate component of the capacitance may be negligible, and the two sheets may be
placed as close together as mechanically practical. When the row and column conductors are
25 made from narrow metal wires, a pattern can be configured where the row and column
conductors cross over each other more than once for each point in the matrix. For example,
each row and each column conductor can have three separate wires, which are all connected
together electrically. This can mean, for example, that for each point in the matrix, the wires
can cross over each other 3*3 = 9 times. This can have the effect of increasing the total
30 capacitance, and decreasing the distance by which the fringing field extends out of the touch

sensor (and thus decreasing the appropriate thickness for the deformable dielectric).
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designing the pattern so that the resulting fringing capacitance can be made as large as possible. In some
implementations of these touch sensors, the undesired parallel-plate capacitance is reduced or minimized
by making the conductor traces narrow where they cross 5over each other, the resistance can be reduced
and minimized by making the electrode traces relatively wide in other areas. Other implementations

may have other conddetne RapRIMEntiiORS tRiepartialiean ionramptae ghsuRalieiRemaYy iwolve having
evenly-spaced straight lines at the same pitch as the electrical matrix, straight lines at a finger pitch in the

electrical matrBNHitH AFackhf PR OO N BB RV N HABE U AR RR BRI YRS to

increase a pgstRRiey bEtWEaraivea Ay BBCoRQ - BidideipieXNeERREE ibeyfpatglties. In Some of
the described embodiments of the su{tt)ésgt matter and the operations can be iré%lemented in digital

electronic cirdMey T8 GTEBKAHRE B A RONAHARESHSES IRA a6 faR | ved il fReaapts ¥ thsclosed in

this specificainsbanthiiisi Totmciuareflialgntss e Hrdbepsnhinatiensmat ereparamansiatthem.
Embodiments of the sub{ect matter described in this specification can be impJemented as one or more

computer prGFPAFHENER at SRR a5PaHBRO HRTR S F RN AN EINBHSERS iR LB NE Ao SRRRGH ¥ mputer

storage medidtvéen exeeuilroRY T o QItTEsthedape aitenl wh feshupiveersintorepa Rtusddlternatively

or in addition, the program instructions can be encoded on an artificially-generated propagated 20signal,
e,  machiAlieHerbuth HEriBHeGTRS, BFeCE o RRGHE REUP O MRS, TEHGER R ME Encode

information fwtrensivirkion wapditablenkeBiire) anoaiateadacexecution by a data processing apparatus.
The data processing apparatus may include the sensor, may be part of the sensor, may be a part of a
systeth with the serlRoP PR B RRAGHARE WRrRAEHe QYSFATPUHATS RRRE R L0 B2 dF b EkRers,
transmitters,(egmp@edtsmadéds sfgierdpeasaciRtEtOysh the seanporyesttireubsieie(s. qgndfonttansmitters,
or any combingagion thereof. A computer storage medium can be, or be included in, a co ter-readable
torage devieh HPB ek A HablE SEMAT St AHEE T U SaNaH R NG AP or
device, or a comibinatiaarobe kervnaredre ehthatheMaitoyanansfilera adimgivter storage medium is not a
propagated signal, a computer.storage, medium.can. be.a source or destination of computer 30program
structions encodei HATFA OIS LretRED B e e U e D L BHHIEP G e mecim can
also be, or beapacitated is fone @chow geptate physicBheaempyredsveuitediafiguged noytdpier@Ds, disks,
or other stor%aﬁe devic

° _ trmggﬁ?%?%?ﬁhgopberagﬂns.geSfrit%Ed OIin ihés ?ﬁgci;icati ne ce}n be img)lem nt_eed as
perations perfo SP cBRE[R :gp%&%{ JOBHOERE RREM S ShE G HEG QT % SY<readable
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 measure the current on the rows so that the energy flows out of the rows and into the
20 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.
In various implementations, the conductors in the sensor may be configured in a
pattern that increases or maximizes the fringing capacitance, which can be interrupted by the
25 user’s finger to provide the desired signal, and to minimize any additional capacitance
between the row and column (e.g., parallel plate capacitance), which may provide a constant
offset. The rows and columns in the matrix can be nearly coplanar, so that while an area of a
respective parallel plate capacitor is relatively small, the separation distance is also relatively
small, and its capacitance value may be significant. The pattern of electrodes may also be
30 configured in a manner to make the line width as great as possible, for a given pitch, in order

to minimize the resistance of the traces, which may be otherwise significant if large-area
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5storage 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 apparatus can include special purpose logic circuitry, e.g., an FPGA (field programmable

10gate arrayeasas ASHn sRilicating rReRiiccipagiaies Giivitndhm R G ERpANEISP include, in

addition to hardware, code that creates an execution environment for the computer ei)rogram in question,

e.g., code thAHYHEG e OB BIAfifRRIT! A FHRABE SARACANESSHLEE RS ATAERn ESystem, an

operating sygtgsible. CrRssridatigiEhititim S bF trReeebhesMiduia] fachtngiret aaampppton of one or
more of them. The apparatus and execution 15environment can realize various different computing model

infrastructur&8P&| NG /80 SER RIS A BT RIS APRHETRA EaTRDDRMBVINYARIF JREY/EI0SS ~ A

compyter progepgachlsth&n et @saieosape saftvedensatimarazapRicaiaRihSeidsicetrogd eacen be
written in angﬁior_m of programming language, including compiled or interpreted languages, declarative or

procedural IARGHMEYV I HARE BB ployed in any 20form, including as a stand-alone program or as a
module, componentthgbleiplisiae flaiRsis aiagthevdotiteitolgctor pagein ¢oBHLING @nsitanorent. A
computer pr%%ram mi , but need not, c_orree;,g nd to a file in a file ?/ste . _E%rro%r m can be stored in a
portion of a it XA REILBIANONERE VARG EVERY SPRAEY %ew@fs" &ty SAMARID Bhguage
document), im@ctdrgiedilmaeikicatar e ihespropfimeipiuestion elediritaltplgironitinaiadeAbfiles (e.g.,
files that store one or more mqdules, SUb-,HgO%%S or portions of code). A congrgfnuéter rogram can be

depld¥led to BBREEAHOT I 2 YOHRSU A PSR LR RB R IR OGHREC S APRIARLEY Sife or

distributed agregs rowléindecsitesraincoiatgreoimeesiad iy faigginyfisncation network. The processes
and logic flows desgribed ;fn this s ecmcatlgB an bg{&ﬁﬂgrn}?ed b}{none 308r more Ig{)ﬂrt?oanamm ble

processors executingBh& Jhf %B?‘HF%? VOGPL MR matter and the ope s can be

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

15 combinations of one or more of them. Embodiments of the subject matter described in this
specification can be implemented as one or more computer programs, i.e., one or more
modules of computer program instructions, encoded on computer storage medium for
execution by, or to control the operation of, data processing apparatus. Alternatively or in
addition, the program instructions can be encoded on an artificially-generated propagated

20 signal, e.g., a machine-generated electrical, optical, or electromagnetic signal, which is
generated to encode information for transmission to suitable receiver apparatus for execution
by a data processing apparatus. The data processing apparatus may include the sensor, may
be part of the sensor, may be a part of a system with the sensor, may be integrated within the
system and/or sensor, may be part of receivers, transmitters, components and/or logic

25 associated with the sensor or the receivers and/or transmitters, or any combination thereof. A
computer storage medium can be, or be included in, a computer-readable storage device, a
computer-readable storage substrate, a random or serial access memory array or device, or a
combination of one or more of them. Moreover, while a computer storage medium is not a
propagated signal, a computer storage medium can be a source or destination of computer

30 program instructions encoded in an artificially-generated propagated signal. The computer
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actions by operating on input data and generating output. The processes and logic flows can also be
performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g., an FPGA
(field programmable gate array) or an ASIC (application-specific integrated circuit). Processors suitable
for the execution of a computer program include, by way of 5example, both general and special purpose

microprocesgefagatbaiynn el CopINCRRIGIShaDN bRl &lialialte miies Grnssalitseprocessor
will receive instructions and data from a read-only memory or a random access memory or both. The

essential eleMRM®Pa PHHRIRE SIS FPTRERERMIASY actions in accordance with instructions

and one or more MgMOspHLTOFRIEREFRH MY thistspetiviatfiitcdalse rpNatiite@Lupaatesnyill also
10include, or be %%eratively coupled to receive data from or transfer data to, or both, one or more mass

storage deviBedGBPEHIMHR AP TR SS NG JRRATALH 20 8- DR TRCP & URE OB OB R QMR aiRRer, a
computer neggragy HaxMesushadereeFrdrsamresirdeemputer can be embedded in another device, e.g., a
mobile telephone, a personal digital assistant (PDAH{% mobile audio or vi&%o player, a game console, or a
portable storage deVRIPHS PPA A FSraaICsSerall BT ISHPHRLAFERRS G AL R0 ADevices
suitable for stiing:eREIBMEHFIOATAST IMBINIHGNY ang datxangiise wbipammaiis@roeetsdiieanemory,

di d devices, including b f I iconduct devices, e.g., EPROM,
EEPROM, oA AR A AP 6 QRS PRSI 8 RSBl s

magneto-optipphritkssaarid dtideR XA ndiipdde 1BV diskey Thg. paaFarss ol (fiettthegmearsiey can be
supplemented by, or incorparated in, special purpgse logic circuitry, To provide for interaction with a
Csor EmiocHHB AT B B A e ARAoP U RN o A AL HEN o 6 ABEATA B SR on 2
computer haigigde disatiditiieviotaedgae, Gk (hatladecsan i) inon SVibamenefistalcispipujemonitor,
for displaying information to.the user and a keyboard and aégérr\r?ng]g\‘evice e.gzé, a mo%}ge or a trackball,

by which th ﬂ%@?%ﬁ‘ﬂgﬁ%%gﬁpﬁ?% ¢ t}%’f&?.%‘?ﬁ acfg\/?c’:%@ gﬂlg&a &t to provide for

interaction withabdssenamyeeieiosyaxemple ofeestharkyptavidect tostheatfsan cantipeeany iformeaitsensory
feedback, e.ngigiualf edback, auditory. feedback, or tactile feedback; and iﬂ\PUt from the.user can be
a

received in fha &rﬂﬁdpr{ga% ﬂ@,'%é’ 8H?65|r {38 ntBSW'In G sc%Mquxl%q“ 9 interact with

a usesby seadingnentoanisdhzandrieasiviffgrepotongotingonode Bddexicectbaisisudeashyethe user; for
example, by sendingcﬁvsgbgﬁ%%es to a web brow&r on a user's client device in response to requests
r

received front th et HH (_:ompw?ﬁlgrﬁj]%r %%%%Q%'E%ﬁfgﬁﬂ%t%e&ny specific implementation
details, these should nohpeteomsigved @dstirkitations aptogracopefnianysofueatoasphicaifonhat may be

claim(_ad, but rather as d%e cri& ons oﬁ featuresésﬂpeci%c to particular,embodime tsdof articu aé inventions.
Certain feat(fP % SHEeL L RE THEM Y EPLRTEARERTPOIAE DANIAPaYage, Migwading compiled or

interpreted languages, declarative or procedural languages, and it can be deployed in any

20 form, including as a stand-alone program or as a module, component, subroutine, object, or
other unit suitable for use in a computing environment. A computer program may, but need
not, correspond to a file in a file system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program in question, or in multiple coordinated

25 files (e.g., files that store one or more modules, sub-programs, or portions of code). A
computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

The processes and logic flows described in this specification can be performed by one
30 or more programmable processors executing one or more computer programs to perform

actions by operating on input data and generating output. The processes and logic flows can

25



5embodiments 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. Moreover, although features may be
described above as acting in certain combinations and even initially claimed as such, one or more

features frorglgodaipaem GAEaIDAdiaNpparilEURC R BS AR Herruaiae BslreEciBEpeAmBBiNaRN, and the
claimed combination may be directed to a subcombination or variation of a subcombination. Similarly,

while operatiFYLRS 8icRaRF eI RINGLLMEeRE SRR R HidSHolrriirabonserRsLibod as

requiring thafhsairatedpenaiipns be performed in the particular order shown or in sequential order, or that all
illustrated operations be performed, to achieve 15desirable results. In certain circumstances, multitasking

and parallel procesBIRGETAYS 54! RN FRE ERIE AR 8T &AW WEh AFRERTING MAsuDEVAE AT components
in the embodixapipte, drsrrieaerateiespbsitipmpobe Hidesstiees @s, rerLinydseoh rerapadicudorall

embodiments, and it should be understood_that the described ro}ﬁram components an stems can

ds
generally be%?é@r'é't@ QbR AP LR CEBRTEHYe PRSI WHL AL iR HA RS2 S8 kware

products.  fréhusrdaacianjaneniigdmentziohthecesbinshmgiterdogve R stesel bRt dAtHOF a
embodiments are within the scoép;gJ f the féllowing%%laims. In some caseﬁi the actions recited in the claims

can be perfofAIRRH A" G ATP SIS ARG TMURH RRIO Bl A5 JRREHWITH NSHHII S A SEes
depicted in thiprRosRMPBNYENELEGETESIGIongahsteetRSRrHYid egtireaGhe2bgadicoiasasd anisaman, or
orocdSsing B GECR PPEATAEY ERARIEH RN E ARG 1S COPdEn 258 Bt an
processing . i : rst array of
conductors an@regestirsisrage veviseifdhsiaomguatars. g thegiksic, magneto-optical disks, or optical
disks. However, a computer need not have such devices. Moreover, a computer can be
embedded in another device, e.g., a mobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, or a portable storage device (e.g., a universal
15 serial bus (USB) flash drive), to name just a few. Devices suitable for storing computer
program instructions and data include all forms of non-volatile memory, media and memory
devices, including by way of example semiconductor memory devices, e.g., EPROM,
EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or removable
disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor and the
20 memory can be supplemented by, or incorporated in, special purpose logic circuitry.
To provide for interaction with a user, embodiments of the subject matter described in
this specification can be implemented on a computer having a display device, e.g., a CRT
(cathode ray tube) or LCD (liquid crystal display) monitor, for displaying information to the
user and a keyboard and a pointing device, e.g., a mouse or a trackball, by which the user can
25 provide input to the computer. Other kinds of devices can be used to provide for interaction
with a user as well; for example, feedback provided to the user can be any form of sensory
feedback, e.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
computer can interact with a user by sending documents to and receiving documents from a
30 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.
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array are arranged substantially in parallel with one another; a second array of conductors arranged in
columns, wherein columns of conductors in the second array are arranged substantially in parallel with
one another, wherein the conductors in the second array are located underneath the first array of 10
conductors, and wherein columns of conductors in the second array are arranged in a direction that is

substantially perpeqgigidaritospedifRetion ebres aRnsheeieitsiinglhembrsimsraystaisherteoRRItsing a
deformable dielectric material, wherein the sheet is located underneath the second array of conductors,

the deformaBRt BRABRYUFAARHANPEQER LKA GEOREPLAAN SRVERHRBR ATtAERaE IR PSFEIMEA s and

the second gAYk RIS bf ddaREe SPEEificas puretutiefanpest ifeHe dfeRitissrd Rigitdng. a ground
plane sheet located underneath the s wherein the first and second arrays are configured to

heet, = .
produce an S8LRHR Haf G et Hesrel ReshodhisRectEIRAt AN TiFae GRAEIGATSWPAFEE a user of the sensor

and 2@in asmaqidiéﬂ@iwﬁmfwfsmmeﬁiﬁt@q m|§6m§ﬁﬁﬁ§n lim@@TrﬁjmmWhtsde@ﬂlf}gmw, to |
measure a capacitive touch and a force, wnherein the groun )lane sheet Is position t least to partla )4
torminte SoHB UK ES A IFSEU B TR S TS Qe S AP ETGHTAARCaN 8150 B v reim the

sensor is copfigliedrirdriestkiplntentseiven tepLiestyiofiealdwbdinesle shechrabeigston. 2. The sensor
of claim 1, wherein: |%E\évidlglr; of the cond ctﬁrs e su.bred across a single row in the first array is less
than a distarl¥?@'6P%e/paHRRLA b ERILER 'F@é’p%:t GRPUBRG AR ARG Y RV SRR ANGdges of two

adjacent roveyei thrifingt csimadadbuch, one or more features from a claimed combination can in some
10 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
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

15 desirable results. In certain circumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system components in the embodiments
described above should not be understood as requiring such separation in all embodiments,
and it should be understood that the described program components and systems can
generally be integrated together in a single software product or packaged into multiple

20 software products.

Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. In some cases, the actions recited
in the claims can be performed in a different order and still achieve desirable results. In
addition, the processes depicted in the accompanying figures do not necessarily require the

25 particular order shown, or sequential order, to achieve desirable results. In certain

implementations, multitasking and parallel processing may be useful.
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a width of the conductors measured across a single column in the second array is less than a distance of
separation between respective conductors measured between adjacent edges of two adjacent columns in
the second array. 53.The sensor of claim 1, wherein the sensor is configured to detect the interruption of
the electric field lines resulting from an object that is placed within a proximity of the sensor within the
electric field lines of the first direction. 4. The sensor of claim 3, wherein the object comprises a
human body part of the 10user of the sensor. 5. The sensor of claim 4, wherein the object comprises
a finger of tt'\(/avHser oI the aen_sor. 156.The sensor of claim 4, wherein the sensor comprises transmitters
and receivers, V%Easr&%'%ee Linsor is configured to: transmit, with the transmitters, signals at least at
two different frequencies op the first or € ond array of conductors; receive, with the receivers,
the signals at least @t the wgagﬁf;étr'gﬁt ?Pecéuséarrllé%sc onRR&"other of the first or second array of
condugtors; estimate a fispanidgrufevaduetatseardngédhe tovesdvifere treqromdoctsrasmiéfeseceived

signals; deterrréirr}g tgget 5pre obejgztszltJ f)sé tr}] .gﬁjman é)rgﬁgl a}{h%fn%he u eerr_vvhen the estimated capacitance
values at the two frequencies Attt by a Actor ofhhd ar more; AN 958 ermine that the object is not an

object capable of generatiageadndecapacitmedtaicts sigrajednid dodiransastuergoncofulhmsehsor is due to

measured force whennH?Je estlm%t]ed ca%cnance values éa& Eﬁ%s%r%ifr ﬁuenmeﬁeﬁi(\?\/ I%)todlffer the factor

0 Ctors 1 € SeC rray.are, n aﬁ IN pa ne anotner
of two or more. 7.Tﬁe Sensor of Claim 1, w?nergln: ﬁ{ﬁegsensor IS contigu ECE 0 recelve an external force

from touching or dephessimtheéheonductors in the second array are located underneath the first array of
10 conductors, and wherein columns of conductors in the second array are arranged in a
direction that is substantially perpendicular to a direction of rows of conductors in the
first array;
a sheet comprising a deformable dielectric material, wherein the sheet is
located underneath the second array of conductors, the deformable dielectric material
15 decreasing a separation between the first array of conductors and the second array of
conductors in a depressed area when deformed in the depressed area; and
a ground plane sheet located underneath the sheet,
wherein the first and second arrays are configured to produce an electric field
with electric field lines that extend in a first direction towards a user of the sensor and
20 in a second direction towards the ground plane sheet,
wherein the sensor is configured to measure a capacitive touch and a force,
wherein the ground plane sheet is positioned at least to partially terminate
some of the electric field lines extending in the second direction, and
wherein the sensor is configured to detect an interruption in the electric field

25 lines in the first direction.

2. The sensor of claim 1, wherein:
a width of the conductors measured across a single row in the first array is less
than a distance of separation between respective conductors measured between

30 adjacent edges of two adjacent rows of the first array, and
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sensor, the sensor is configured to compress at least the conductors in the first and second arrays
toward the ground plane sheet upon receiving the external force, and the sensor is configured to
decrease a capacitance of the sensor when the external force is applied to the sensor. 8. The
sensor of claim 7, wherein the sensor comprises a capacitance characteristic where a level of measured

capacitance decreases mang@RieftivelteRtiudien Arabieatderaiacasngitiolpraximibecbtoananapr to
when the object touches and depresses the sensor. 9. The sensor of claim 8, wherein the ground

plane sheet compriSe€Ss U130t BEIARRE T SARGIAHAT DY &ind SRR SRPdriaticRpasured betwgenre

sensor of claim 1, vihipkeint hiR@yof fddape aheelsamnnsrs wiesarbh§metal formed on a liquid crystal
display (LCD). 11. The sensor of claim 1, wherein the sensor is configured such that either one of the

ground plane sheet or a second sheet of material is formed underneath the sheet comprising the

deformrgable dielectrg; material serereindagmsecandreheekabmatasisbhaguredldiatesitimeonstant that is
higher than that of the deforma}ble _di?_le!ﬁgic materjal. 12. Tl'ée_ sensor. of ggéla:] 1, wherein the sensor is

configured s|TEREHRH WAL IR GBI e N S e HHRE TiRtAR QRIRYHEL iRR WHEIAG the deformable

dielectric majesiahfityeoseaosshshragithimaaielatit faeatheboveée shieictomprising the deformable
dielectric 25material, wherein the second sheet of material comprises a dielectric constant that is higher

than the sheet of the deformable dielectric material. 13. The sensor of claim 1, wherein the sensor

comprises indium tin oxideriid§ehson af piastensbrgh (REIDje80comprists Amesansadgipalaiot thewherein

the sensor comprises opaque metal traces on a polyester sheet (PET) or a plastic substance.
10 USGPOfSﬁ{]e sgns%r. Poly ( ) P

5. The sensor of claim 4, wherein the object comprises a finger of the user of the

Sensor.

15 6. The sensor of claim 4, wherein the sensor comprises transmitters and
receivers, wherein the sensor is configured to:
transmit, with the transmitters, signals at least at two different frequencies on the first
or second array of conductors;
receive, with the receivers, the signals at least at the two different frequencies on the
20 other of the first or second array of conductors;
estimate a capacitance value at each of the two different frequencies using the
received signals;
determine that the object is the human body part of the user when the estimated
capacitance values at the two frequencies differ by a factor of two or more; and
25 determine that the object is not an object capable of generating a true capacitive touch
signal and that an actuation of the sensor is due to measured force when the estimated

capacitance values at the two frequencies do not differ by the factor of two or more.

7. The sensor of claim 1, wherein:
30 the sensor is configured to receive an external force from touching or depressing the

sensor,
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15. The sensor of claim 1, wherein the conductors comprise a transparent 5conductive material arranged
in a pattern to produce a fringing electric field between the first and second array of conductors. 16.
The sensor of claim 15, wherein the rows and columns comprise diamond-shaped patterns at
non-intersecting locations of the conductors in the first and second array of 10conductors. 17. The

sensor of claim 1, wieseiRdhe eonfiyGiarsdrtdherRsAR kA eaishpeadienadheeivieendibebrgt array of
conductors and the deformable dielectric, and wherein the deformable dielectric is positioned between the

conductors iAMTA% LEWEFHIEF AP YRR RIFDE SR HRETHISARR\dREdbe extergalf e 23 e touch sensor

comprising:  a fitgt s&rRYOE cORtlYGroiTQHaNeRd NcEPakitabbetFitheanissof aPREURStEmNdIe first array
are arranged substantially in E)arallel with one another, wherein a width of 20the conductors measured

across a sindPESFolt ARRME R INEFE)SY Jess than a distance of separation between respective conductors
measyred between adjacent edges of two adjacent rows of the first array; a second array of conductors
arranged in columns, wherein columnﬁé)f_condu tors in the second array are arranged substantially in

parallel with one arfbther, 285 RN ThE VB GUMSIE R TSR T ERLSES ACRRAYLA thderneath the
conductors iprdradisasacrayevenereral efers et capaticinte tedheseenotodsmvapier@iranaed 4 a

direction that js substantially perpendicular to a direction of rows of conductars in the first array, and
wherein a wiRI G IR MTPIRKRLYERY 136 SESar 4 BRI A P AEEER Aor eSS Brer than
distance of sgpagation between respective 30conductors measured between adjacent edges of two
adjacl%nt columns in the second array;

9. The sensor of claim 8, wherein the ground plane sheet comprises a sheet of

indium tin oxide (ITO) or a transparent conductor.

10.  The sensor of claim 1, wherein the ground plane sheet comprises wires or

15 metal formed on a liquid crystal display (LCD).

11.  The sensor of claim 1, wherein the sensor is configured such that either one of
the ground plane sheet or a second sheet of material is formed underneath the sheet
comprising the deformable dielectric material, wherein the second sheet of material has a

20 dielectric constant that is higher than that of the deformable dielectric material.

12.  The sensor of claim 1, wherein the sensor is configured such that either the
ground plane is formed underneath the sheet comprising the deformable dielectric material or
a second sheet of material is formed above the sheet comprising the deformable dielectric
25 material, wherein the second sheet of material comprises a dielectric constant that is higher

than the sheet of the deformable dielectric material.
13.  The sensor of claim 1, wherein the sensor comprises indium tin oxide (ITO)

on a polyester sheet (PET).

30
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a sheet comprising a deformable dielectric material, wherein the sheet is located underneath the second
array of conductors; and a third array of conductors arranged in rows, wherein rows of conductors in
the third array are arranged substantially in parallel with one another, wherein the 5conductors in the third
array are located underneath the sheet, wherein the rows of conductors in the third array are arranged in

a direction that is substantiaiiyspeimesiciciaritomehsrciikseidbeceplipmas eepRAHEAINEd8edensecond
array, and wherein a width of the conductors measured across a single row of the third array is greater

than a distarRQLYEFEE SRRt Rl SNAVGRENA BN ductors measured 10between adjacent edges of two

adjacent rows in the third array. 19.The sensor of claim 18, wherein: the sensor comprises a
force-sensitive sensor and a true capacitive touch sensor, the true capacitive touch sensor comprises the

conductors of the fifst and 'SEcHIEOI A TR 1, WhEESHR 108 R AlALSSATRBH O ARSBEEE conductors of

the segond ajaddhdlanrrisrrRindriargeieremensiagrdiriceionmnghlg cieleniemai@iiabn thetfitst
force-sensitive sensor, is cog%gure? for a first measurement of a first capacitance for a parallel-plate
t

capacitance BEtSREAAT &R W& conductors of the second and 20third arrays, and  the true
capacitive touch sensor is configured for a second measurement of a second capacitance related to a

fringing electric field between the first and. second arrays of conductors. 2520.The sensor of claim 19,
wherein: . the sebor s BOHTIBRAP (5 BUtELevHHUHeAh BB A TE 0 IR FAPRMUERRS the sensor

by the fringingplaciigtéieislat northiatesesndd dosthgisedfig deed iotoietctny g andokiesideuelyass or
applies a force t(ﬁjthe sensor, 30the sensor is configured to decrease a level of the second capacitance as

the ob‘iect mEVRLIEB e to touching the sensor, and

17.  The sensor of claim 1, wherein the conductors in the second array are
positioned between the first array of conductors and the deformable dielectric, and wherein
the deformable dielectric is positioned between the conductors in the second array and the

15 ground plane sheet.

18. A capacitive touch sensor comprising:
a first array of conductors arranged in rows, wherein rows of conductors in the
first array are arranged substantially in parallel with one another, wherein a width of
20 the conductors measured across a single row in the first array is less than a distance of
separation between respective conductors measured between adjacent edges of two
adjacent rows of the first array;
a second array of conductors arranged in columns, wherein columns of
conductors in the second array are arranged substantially in parallel with one another,
25 wherein the conductors in the second array are located underneath the conductors in
the first array, wherein columns of conductors in the second array are arranged in a
direction that is substantially perpendicular to a direction of rows of conductors in the
first array, and wherein a width of the conductors measured across a single column in
the second array is greater than a distance of separation between respective
30 conductors measured between adjacent edges of two adjacent columns in the second

array;
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the sensor is configured to increase a level of the first capacitance as the object touches and applies the
force to the sensor. 21. The sensor of claim 18, wherein the sensor comprises indium tin oxide (ITO)
50n a polyester sheet (PET). 22. The sensor of claim 18, wherein the sensor comprises opaque metal
traces on a polyester sheet (PET) or a plastic substance. 1023.The sensor of claim 18, wherein the

conductors comprise a transpeseciiprsigtvecraielin aispaed itrRattameieiPtaeuseepifinging electric
field between the first and second array of conductors. 24. The sensor of claim 18, wherein the

conductors in the sERGHRY AN V%%Hﬁ%ﬁ@@@éﬁ%@ﬁﬂ@%@%rw of conductors and the deformable

dielectric, and wherein theadmfmmad%ﬂ@lﬁm@@@ aesibened lPolyegRi&ia canduEtislictbe fecond array
and the third array of conductors. A method for conductlng measurements in a cil{s;acmve touch

sensor, the sensor CEHPFSHERY ?f&?%W%FHWWJ&HVS'EHQWgS VR RNE 23 UBELAYSFPLY 1B conductors

arranged in columngpHtriceie ﬁub@waléyr@wewhm@umh@ammmmmmlm@h@ms@farray, at
least one transmitter ch led 10 he conductors within one of the first or second array of conductors, and

at least one receiveéPEHRIYS fB R IRBAR S ALEATFARGERBH A BFHAR WS SLigiif¥ray of conductors,
the method Compri@meﬁ@iasmnttmdmmuﬂneoath@mlmﬂﬁsttawgm@gﬂm@ @tctmsaraémahfferent
15frequencies that é%ﬁﬁierate an ?l‘n (gtrlc field between at I('—:;rast one of Ihe cond e first array and
at least one of the BEEAYIATAY D BORAUGHAS TERSHERY AR89 S gé%’n afbéf RA8¥iTigured to
produce a fringing @l@atélﬁtﬁ@Aﬂhtb@tm@aﬂ@m@mrebﬁmmwwmmsmaﬁtl&wmgnraad to enable
detection of an |nte ru t|on .the eIe tric feld re ultlggrfrom an ob ect that is placed within a proximity of

the sé(?'lsor, }?‘fﬁ%tg #E3& 6W8 roMe g\ &l ﬁrﬁaMeast the two different

frequencies; estlmatlng a capamtance value at each of the two or more different frequencies using the
received signals; 5(1 term%%hen 31 ated capacitance value at each of the a two or more
frequencies differs %/a fa BEAGR éﬁ‘Hﬁ[ﬁﬁ g a difference or ratio between the estimated

capacitance valueammrlngnﬂpasétﬁarfems@nmm agwmsarmta teshodgaarideieigmiaisgrwhether the
object is capable Oftl"cr’ee rﬁéactzlir[])gcatl ru?oﬁ%ﬁaslgﬁis\é? ESH]%r}lsselg the conductors of the first and second
15 arrays,
the force-sensitive sensor comprises the conductors of the second and third arrays and
the sheet comprising the deformable dielectric material,
the force-sensitive sensor is configured for a first measurement of a first capacitance
for a parallel-plate capacitance between intersections of the conductors of the second and
20 third arrays, and
the true capacitive touch sensor is configured for a second measurement of a second
capacitance related to a fringing electric field between the first and second arrays of

conductors.

25 20.  The sensor of claim 19, wherein:
the sensor is configured to detect when an object is within proximity of touching the
sensor by the fringing electric field,
the sensor is further configured to detect when an object touches or applies a force to
the sensor,
30 the sensor is configured to decrease a level of the second capacitance as the object

moves closer to touching the sensor, and
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10and whether an actuation of the sensor is due to measured force based on results of the comparison of
the difference or ratio between the estimated capacitance values at the two or more frequencies with the
threshold. 26. The method of claim 25, wherein the method comprises determining that the object is a
human body part of a user of the touch sensor when the estimated capacitance values at the two

frequencies differ bingherastes eirahpwedweinErRREe levePdt thegirseihostvhdaias @ owfeetein the human
body part is a finger. 28. The method of claim 25, wherein: the conductors in the first array are

arranged subRYSMREING ARRAIDEIRICDIBRHERAE™  the conductors in the second array are arranged

substantially in parallel with one another, the conductors in the second array are located underneath the
conductors in the first arra a width of the conductors measured across a single row in the first array

is less than a distarfde of ié}?a?%ﬁ%?ﬁ YRR A T YNE R D e RIGRE G SR YR AL de4EERNt edges

of twosadjacentar puigestdnshiies{RERy, and a width of the conductors measured across a single
column in the second array is less than a distance of separation between respective conductors
measured between adjacent edges of two adjacent columns in the second array. 29. The method of

claim 28, the sensarurthemeampasion:laim aShersrepnipeiséngon cefpivabip siatesisiaimatesiah wherein
the sheet is Io&&ted underneath t)he second array of conductors; and a ground plane located underneath
the sheet. 2 PROYSSIRY Shash Sard CqéﬁTP%Elg\lﬂ&%ﬁ?%e two different frequencies differ by a ratio of

approximately four to one. 31. The method of claim 25, wherein the sensor comprises a true

capacitive touch sepsor. . . :
P 10 5'(? The sensor of claim 18, wherein the conductors comprise a transparent

conductive material arranged in a pattern to produce a fringing electric field between the first

and second array of conductors.

24.  The sensor of claim 18, wherein the conductors in the second array are
positioned between the first array of conductors and the deformable dielectric, and wherein
the deformable dielectric is positioned between the conductors in the second array and the

third array of conductors.

25. A method for conducting measurements in a capacitive touch sensor, the
sensor comprising a first array of conductors arranged in rows, a second array of conductors
arranged in columns that are substantially perpendicular to the rows of conductors in the first
array, at least one transmitter coupled to the conductors within one of the first or second
array of conductors, and at least one receiver coupled to the conductors within the other of
the first or second array of conductors, the method comprising:

transmitting, with the at least one transmitter, signals at least at two different

15 frequencies that generate an electric field between at least one of the conductors in the first
array and at least one of the conductors in the second array, wherein the first and second
arrays are configured to produce a fringing electric field that extends in a direction towards a
user of the sensor and to enable detection of an interruption of the electric field resulting

from an object that is placed within a proximity of the sensor;
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32. The method of claim 25, wherein: the sensor comprises a force-sensitive sensor and a true capacitive
touch sensor, the true capacitive touch sensor comprises conductors in the first and second arrays, and
the force-sensitive sensor comprises the conductors in the second array, conductors in a third array and a
sheet comprising a deformable dielectric material. 33. The method of claim 32, wherein: the

conductors in the first@iay, aeiRtraREsshauhriaatalyrinteasigtalvitiroageanoiietvo diffiapdath of the
conductors measured across a single row in the first array is less than a distance of separation between

respective cHAHRES5ISmeasured between adjacent edges of two adjacent rows of the first array;  the

conductors in the seq@ngtingacapaciERoed RURSia s hintreral elovitaieReanpEiaentieseRNd ctors in
the second ayray are located underneath the conductors of the first array, a width of the conductors

measured alP6JEE¥RHROBBIIMN in the second array is greater than a distance of separation between

respegtive conductgeseiiniinengalmrintheeaisiird bgiueendadiaceitedaesahyenadjseadreolumns second
array; the sheet is locate: undberneath the conductors of the second array; the conductors of the third

array are arr&ﬁﬂj’é@?ﬁe? ders Dy Rl A IRIYR A RS third array are arranged substantially in parallel with

one another, computing a difference or ratio between the estimated capacitance values;
comparing the difference or ratio against a threshold; and
determining whether the object is capable of generating a true capacitive touch signal
10 and whether an actuation of the sensor is due to measured force based on results of the
comparison of the difference or ratio between the estimated capacitance values at the two or

more frequencies with the threshold.

26.  The method of claim 25, wherein the method comprises determining that the
object is a human body part of a user of the touch sensor when the estimated capacitance

values at the two frequencies differ by the factor of about two or more.

27.  The method of claim 26, wherein the human body part is a finger.

28.  The method of claim 25, wherein:

the conductors in the first array are arranged substantially in parallel with one
another,

the conductors in the second array are arranged substantially in parallel with one
another,

the conductors in the second array are located underneath the conductors in the first
array,

a width of the conductors measured across a single row in the first array is less than a
distance of separation between respective conductors measured between adjacent edges of

two adjacent rows of the first array, and

34



the conductors in the third array are located underneath the sheet, the conductors in the third array
are arranged in a direction that is substantially perpendicular to a direction of conductors in the second
array, and a width of the conductors measured across a single row in the third array is greater than a
distance of separation between respective conductors measured between adjacent edges of two adjacent

rows in the third ari@iidth ¥4hd Benaeiiopsrméaiaiea abrosdesaigldlasliinm Gifieesictieguaagiragsmprise a
first frequencP]/ and a second frequency, and the first frequency is higher than the second frequency, and

the method AAREAIANGRAOE STRABHAN RYRaTs PR VeI GG IBRRS O REM PRI AN iR e ceiver that

have a higheiggesreniibanjstenatoreenlyprtherstiefisifagguency. 35. The method of claim 25,
wherein the sensor comprises indium tin oxide (ITO) on a polyester sheet (PET). 36. The method of

claim 25, wherein the sensor comprises opaque metal traces on a polyester sheet (PET) or a plastic
substance. 37. Ihe mathethetheRin dsinerein e sioneweiassemipiige a transparent conductive

material arranged in a pattern tq produce a fringing electric field hetween the first and second arrays. 38.
The mothoa of claifh SBHELGRETENT b3 GRS TR EFIFGG ECTHEFE) BN S Sk ARG a
non-intersectingefaeaione sfchil corgusitesp@idiesfiesidand second arrays. 36

a ground plane located underneath the sheet.

30.  The method of claim 25, wherein the two different frequencies differ by a

ratio of approximately four to one.

31.  The method of claim 25, wherein the sensor comprises a true capacitive touch

Sensor.

32.  The method of claim 25, wherein:

the sensor comprises a force-sensitive sensor and a true capacitive touch sensor,

the true capacitive touch sensor comprises conductors in the first and second arrays,
and

the force-sensitive sensor comprises the conductors in the second array, conductors in

a third array and a sheet comprising a deformable dielectric material.

33.  The method of claim 32, wherein:

the conductors in the first array are arranged substantially in parallel with one
another,

a width of the conductors measured across a single row in the first array is less than a
distance of separation between respective conductors measured between adjacent edges of
two adjacent rows of the first array;

the conductors in the second array are arranged substantially in parallel with one
another,

the conductors in the second array are located underneath the conductors of the first

array,
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a width of the conductors measured across a single column in the second array is
greater than a distance of separation between respective conductors in the columns measured
between adjacent edges of two adjacent columns second array;

the sheet is located underneath the conductors of the second array;

the conductors of the third array are arranged in rows,

the conductors in the third array are arranged substantially in parallel with one
another,

the conductors in the third array are located underneath the sheet,

the conductors in the third array are arranged in a direction that is substantially
perpendicular to a direction of conductors in the second array, and

a width of the conductors measured across a single row in the third array is greater
than a distance of separation between respective conductors measured between adjacent

edges of two adjacent rows in the third array.

34.  The method of claim 25, wherein:

the two different frequencies comprise a first frequency and a second frequency, and
the first frequency is higher than the second frequency, and

the method further comprises receiving signals for the second frequency at the at least

one receiver that have a higher current than signals received for the first frequency.

35.  The method of claim 25, wherein the sensor comprises indium tin oxide (ITO)

on a polyester sheet (PET).

36.  The method of claim 25, wherein the sensor comprises opaque metal traces on

a polyester sheet (PET) or a plastic substance.

37.  The method of claim 25, wherein the conductors comprise a transparent
conductive material arranged in a pattern to produce a fringing electric field between the first

and second arrays.

38.  The method of claim 37, wherein the rows and columns comprise diamond-
shaped patterns at non-intersecting locations of the conductors of the first and second arrays.
36



