FORCE AND TRUE CAPACI TI VE TOUCH MEASUREMENT TECHNI QUES FOR CAPACI TI VE TOUCH
SENSORS TECHNI CAL FI ELD This disclosure relates to techni ques for
measur i ngwoapesi2ézace i n capacitive touch 5sensors, for Pexarspdia/o4isa4 t he
measur enent of force and true capacitive touch sinultaneously in a sensor.
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portabl e devices and f nonitors, are configured to detect changes in
capaci tance to generate eIFéHiﬂlAé’éICI@WE&@@HW% t he detected changes,
and to send the generated electrical signals to a receiver for further
processi ng. SUMVARY This specification describes technol ogi es
generally relating to touch sensprcHNMEALIFIELOONfI gured to neasure a true
capacitive touch and/or a force appl ied to the sensor 15from a user.

In general, aspects of the s ect. matter described in this
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conput er programns, confl gured to performthe actions of the nethods,

encoded on %H%PWY§?6P%%F devi ces. 20l n general, another aspect of the
subject matter described in this specification can be enbodi ed in nethods
that include the actions rel ated BAGKGRPAND i ve touch sensor. The sensor

includes a first arra e.g,, repetitive line patterns an ord
arrangenent of Iloﬂggﬁex%’gs é‘gﬁhd‘ﬁlg’t" @eHWé%ﬁ’é& CHPeR por{ﬁg%rdév‘f:??eang &Mduct or s
in the fir shomiofs¥redb:6ighFddan ge et ShegEAn thkitanc 1 deadrat bRLtrivdikikngine anot her.
The sensor includes a second arraé of 25conductors arran%ed in colums,

wher e '@ol urhigedgm thodrieriadshangen apd o serd§p gensratesheloshrisalyignals do 4 eseib®t ant i al |1 y
in paral | el goitdlerPp&ednt her. The colums of conductors in the second array
are |l ocated underneath the first array of conductors, and the conductors in

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

15 from a 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

25 conductors 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 in the first array. The sensor includes a sheet having a

30 dielectric material, where the sheet is located underneath the second array of conductors.



the second array are arranged in a direction that is substantially

perpendi cular to a direction of rows of conductors in the first array. The
sensor i mebrde2sgheet having a 30di el ectric materi al, pamarseottiing7sgheet i s

| ocat ed underneath the second array of conductors. The sensor includes a
ground pl ang,l SQIQS@I: BeuHR eg’r&ﬁﬂtph‘hnk lﬂﬁat%{i]gt?&erneyﬂ%é §h€:§tt Tﬁ‘@ﬁrs@;ﬁﬁ%@&n@r rays are
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interrgpti Od"dlja@ént‘éH@s@f%ddﬁa@eﬁtb@lhﬁlmé inBSset Ul NUhd FroMdPlamelhesd that is
placed within a proximty of the 15 sensor within the electric field |lines
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of a user %fecénh%né&morrhe @ﬁ%r%%@@éonﬁ@ﬂed t@cdete@@antlﬁ@wnom@ﬂhg cRAgcr ecei vers.
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to when the object touches ‘and depresses the
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 ground plane upon receiving the external force,
30 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 plane can include a sheet of indiumtin oxide (ITO or a
transparent conductor. The ground plane can include wires or netal forned
on a |iquwoeryetmt di splay (LCD). The sensor can be comCirgise@d/ogissh t hat

ei ther one of the ground plane or a second sheet of material is forned
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i nclude i ndhudafbnrrrabtmlde:tmd m@pridn The gobor est l&rcosﬁgeed s(ul@lEfﬁ)at cifhkethgsensor can
have opaque netal traces t| c substance.
The conduct%ogndcpéar?elcan efdrme nr%gﬁégl?l%rhgﬁP%E Fd@forma? |<I%1° arranged in a
pattern to patediloea sechid shga:trmgrrﬂteﬁaltdan be fdrmhcdaﬁmeé the gincet llnz@nfglthest and second
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subj ect matter described in this specification can be enbodi ed in mnethods

that i ncl ud@nduséorean ipgladeradransnagent epnduetiyp grferiplasrapgrdd 2 saksgbio Praiee sensor
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one aniét hercoluy can incldhdigmondghapesigifens pisroparisisecdicg 19@%@3 Oﬁ‘f gingle rowin
the first alhayidiSo ﬁéﬁrs’é BaNe@ndLih@n 9$nda§t§1§\i\ﬁgfh@§éc‘8£‘d BeLVGRY. r espective

conduct ors measure et ween adj acent edges o J acent "“rows of the
first arrayposft‘lheedslenmn therfastwdesO‘épwémaarakthadefwmabbdml@trm sndghe anged in

col umms, eformaQE dfeR c’f#m3n %%O%RBﬂé’acée% en tﬁ% ctoﬁﬁlé %8@9@[ eborarl fnd ¢ anged

substantl al I'n para one anot ors in the
second arratjaegnoendpiarwt ed underneath the conduct ors in the first array. The
conductors in the Seco gOarr fgﬁ @ ran %g b C1|1'1 hclascst |qu Calgr?'t S
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Conduct or o Sawe el TR 2 eRio S SRAEY b poe i G BRPRESPITEs: n t e

second ar r ay thelfitet array are arranged substantially in parallel with one another, and a width of the

conductors measured across a single row in the first array is less than a distance of

25 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 in the first array. The conductors in the second

30 array are arranged in a direction that is substantially perpendicular to a direction of first
array of conductors, and a width of the 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

| ocat ed underneath the second array of conductors. The sensor includes a
third arrag 20f2/cersduct ors arranged in rows, where the r@oag/uskolconmduct ors in
the third array are arranged substantially in parallel with one another,
and the congdyg %ﬁmwa e Habmgq JRICAY rMiGial AaREARk élh@@l% Reatduddbecasheet .
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capacitive tr@uch %egg_l cz ncl udre re Scopn yeror tethlrcparra sr'%atand second
arrays, and® ﬁiev‘”f1 °Sah Cofvlé‘eaggﬁgg?os & e P‘G’é’ehthe conduct'6ts of the
second an d thin 4 distafideayf Separatioh bﬁwséiﬁeipedftawcmgiubhg mhaedred:ba'tweenrmjaemt al. The
force-sensit] 5sensor can b@ rafl ured for a first measurenment of a
first capac‘?dtg% dwp afiacenirows i Fabﬁ Y.capaci t ance between intersections of

t he copduct ors dfheédid 98ePEAbRINErdah dachrdpeditally afethde bee érimiste 6AgRACI ti Ve
touch sensor can be configured for second neasur enent of a second

capaci t ancefoHeVagdgiye. o b PEHE 8 insfide & ATES-FMHEE BETRARH VHCPIHSE and
second arr aygclbn®®REHAFS RE Bue TPEIHRASRN s6R0r B8 AR HidWosElictds @t&h@ct if an
object is within proximty of 20touching the sensor by the frin
el ectric fikisandperond aiaysyand dhe ’I“B@efsenSttWérser@@rrﬁanw%@athecsow&c@&‘to e an obj ect
touches or appli-fg t}ﬁldfaWa%eantthé DBt HENROThe dUre%tr&m&ral CAR HReSaRfiveured to
decrease a |l evel of the second capacitance as the object noves closer to
 touchitig t hensnepaole comfigureeios o firse Basdyeemeohdfiadustedpacisance b e peialled-nladg el  of
the first c iy r to the
ensor - The e e R b S e er
sheet ( PET) the Thecapagit crtoedirseisac tanche copfagyerel fet ssbondmagaeeoent af @sﬂcylglst er
sheet (PET) cagarwl nc% rglgtte!i ?oe? %fn%@fé@fric?@ C})%%gﬁ'ﬁ;[ Q{%[aﬁ@&cfnﬂfzzirﬁ Eof?
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el ectric fi@nhdudi@t.WEersehdoecdn hesbnﬁgmiedstecclemd 1faanr®3ecbrfs WIthI'lldlllQ‘lelTE of The
conductors jn.the secon oned bhet we, t he L array of
conduct®or s SRS FFEFA/ P@fﬁ %X%ﬁl%?lg%flf‘ ?Oﬁ ghdsepﬁor C@b%?efﬁg}?errmc tf %e? ectric
can be posi §dt@ngdn b@bm@mhém ap;ﬂi’edbltfdrﬁﬂﬁthd‘lsehm ‘Blecemdr whrbmcom[ﬁgduetdhe third
array of conductors. eneral , anot her aspect of the. su ect matter
descri bed i1 eHESea el ‘?fﬂ?:easceF Cé%ﬁ‘fa%"ﬂ’éeéwg‘ ?8‘6“? SHEPHHELOUREE Bencl ude t he
actions rel ahgf TheaRRascid Becoh ARG SeRTQke a RE o3 BRIWSt chpaciardess the f i r st
array of conductors arranged in rows, a second array of \M%Jjuct ors arranged
in col ums ¢Mieet foxphes apchanpeg the farse tp dicsermar- cthea?P“SPbcaf‘H‘é”}dﬁ 4R UBonduct or s

in theyfirsggi@s (EW) ord pdIRARE slfé@tE{PET)'inﬁf@séﬁsGlr cafi teRlde dpd@e QI GRRBEUEL Or S
wi thin one of t first or second array of conductors, and at |east one

recei ver coRgyestsr thset(RETresfaiestio pubsiangchiThe eosugoiscppinclyse & lanspareidt or
second arr A on@hicti BAKGLQfrSngdd lﬁ@g@a@é@n foYro PO Gl RGILBRTHIIBINA teh the

sensor invol ves transnltt|n he "at | east “one transmtter, S|gnals at
| east at tvxﬁlstlantlfseqoeﬁ@lmqug@m@toa% s sendyeteesrinths sagenépeetendefi el d bet ween

at | east onGRlonl R GRAMEHY Sral Br LAl iy L E¥mBE Aliedif@ska e of L he
conduct ors e second array, |rst_an second arrays are
confi gaor ed daforprablddisdectricfaan hegposificabdbetwean the eindudtdrain thxseeordisariay apd
the third array of conductors.
In general, another aspect of the subject matter described in this specification can

be embodied in methods that include the actions related a capacitive touch sensor. The



10direction towards a user of the sensor and to enabl e detection of an
interruption of the electric field resulting froman object that is placed
wi t hi n a woarini2ezs4of the sensor. The nethod i nvol ves r @Ce&iuseeig/o4is4d h t he
at | east one receiver, the signals with the two or nore different

frequenci €S, &5t -HRkd J‘Ers@arfa@@@-%ﬁdﬁ&% aMBLJLE iPons; aacslécd?xti aFrQﬁoﬁd@@d&%ﬁmr e
different frequencies using the received signal S, deter m ni ng‘ t he
Ces

estimat ed capsasidiagelempythaara gistaetingly p@mertdwlatrmth@row €0duelgisdn

differs by fff‘rsﬂc a%%goe[t 1eggt oﬁpﬂ‘gﬁsnﬁ‘e{@ 0915 1886 e c-gﬁ'(ﬁlcfg?g ‘Q@QH bﬁlev(ﬁ{tlyeeﬁrs mput i ng a
rati o between estimate capamtance val ues, mparing the ratio
agai nst a tdreshokdef fonductdrs,ehd ateast @wesmedcwp}vém t@esoraiuvtaltsu*ethurhfa@ is
apprOX| mat e| I nyQ nce

et weert et sl B TELRA P TEcQlapGals ™ Ko Rl Rl oRlBTNC
agai nst a tinnlesdeododinvdlves t?ﬁmxtttmg;ivmthwlcd at&astd)ee eannnnttmgplgmlehhleatst athefoobj ect

i s capabl e ratln true capacjtiyv uch si gnal |nger or
some o her $ITHER TFoRy A e EdndaGRBRR e SebvEael bR Bhe dfiton it e hue

t o nmeasur edinftigy et dpag el zﬂr]lea&tﬁﬁlﬂ lof the 0bndubiersdn tieatdond Brrf, fdrinehidhahe frsor

di fference between the esti ed capacitance v t the t or nore
frequenci es? %'Fﬁcé’gga%‘l??’d 4Bt e8te ‘gﬁggdﬁr(%@ﬁ?%g@ﬁ}?%%ﬁwcc%ﬁat HEEYSHEl ude one or
nore ofp t hedigbfis to@widn g ufee af e @@smﬁhetdraiabledetemnlommoimeerugmrﬁdfmwi ng that
the object is a finger or_sone other human bod art of user of the touch

sensor if tﬂ@tl&fﬁqlﬁlr’é?é‘éan%%%épPBJﬁ%téh"\?éﬂHﬁ@%d ?(ﬂthlflﬁé’r‘f%”W semesredhgiffer by

the factor QfmaPRVEIvEMBCeRind/Hith theldd RaG N6l HEEiQESthE Bighdiewlth e twabi @¥reCan be
arranged substantially in parallel with one anot her, and the conductors in
the second @Ferayt fecqnersies.cvimpiad copasirnearplae pheasholghs Brq @mege difere

anot her . 30&%&0?&@91‘1’1&%}@&50@50% Gildfal S %ﬁ@@ger%ﬁﬂlﬁg if AR shRait P&PEEEndNdRENEAL h
the conductors In first array. th of  the conductors neasured

acr ossisa si#ighah qfdw theorfrmqr@frewncags be'i?fs bea fastos of dban! tayo @F 8o ddie of
separation r cent edges of
e ] acer e B e e or

measur ed acmr[pséngths 'rahiglagaiost la tiresh kle fos ehivh dheathreshpldanmpbises| aogdpetieais a

di st ance of Sep; rs$ ween

adj acent edadjg ‘fl\‘f\owo 3% aceﬁ“trz'l)d l%%ﬁéﬂvl\éﬁret% ﬁlﬂg&{ﬁ%%d %%ggéta’%@ﬁéensor can
i nclude a séa;emhtehlaapanlgmae vhhmls,eecmtlrcomparmlgelm chfferelvdeagmnst hﬁnssihekelt Toan be

| ocat ed under th the, second ar of . conduct sensor,. ca

ol ugd a SGF B Y SR OC T LR RRERH e s HRSGRRILETO ¢ he
f requenci estoudtsigrab@lg., talfdgevep sethé bi@érchninah b&i}qﬁmhlﬁﬁwlﬁbﬂferdn idvesiohyf a ratio
of appr oxi n;ﬁtel y f.oyr to one. fT e sensor can | i.ncl ude. a éﬁeg&apam tive
touch sensof® SeRRY isdtede measifed; fRrcp hiepsd gn respiief disifemppnisan SbRE HHORRd a true

capaci tive {igbehceRiaRh thefeRtimmbd &lpaditageetvali€s falRaGblor wrd fddgabncieNsor can
i ncl ude the conductors in the first and _ secon and th

r ,
force-sensitive D& othghenbndipiniian e ol ?ft“}?}@e PRE QTHROTS 8§@ﬁd array,

conduckor s follo@ink Mafife2rhaYneBd cin RDSI0E dAaMiMNes Math&big&k Is Lrdgei &r i al . The
conductors in the first array can be arranged substantially in parallel

with one anwnisether pangpody aip Pl ¢ wrer efgheigaeloressoriaka sstipatad pAPEetalcsi ngl e row
in the firsf,akhé¥e mr%eﬁc%%lﬁmae@ AGLARCS Bio GERAE 2R ARnRRINERD

respective conductors neasured betiween adjacent edges of two adj acent rows
of the fi rsthe&irst aiyay cFhe awanged substgntially in parallel with one another, and the

conductors in the second array can be arranged substantially in parallel with one another.

30 The conductors in the second array can be located underneath the conductors in the first
array. A width of the conductors measured across a single row the first array can be less
than a distance of separation between respective conductors measured between adjacent

edges of two adjacent rows of the first array, and a width of the conductors measured



15in the second array can be arranged substantially in parallel with one
anot her. The conductors in the second array can be | ocated underneath the
conduct orwoab1tresfii rst array. The wi dth of the conduct @c3/use@soumsds acr 0ss
a single colum in the second array can be greater than a di stance of

separ ati on Helweeh ok eSREMiHYRGARAYS LA 0B ARH A R5kidAed YR AL 3EHREL €dges of
two adj acent colunmmns in the second array. The sheet can be | ocated

20under neat fspepiévesondnstarpingasaied befereeneadinsantgdgea ! tWirsjasonigolemos 81t t he
third array.g agxﬁ AR ARAET cAdinEIRS éﬁ@%glla%\?\?% Efé@gﬁ‘iﬁtx&l‘ie?ﬁlé%& nd fibdd array

can be arrange Dstanti a 'y 1'n paarS one anothéer. The conductors
i n the t hi rcindelayted andeprathghateechdinde pheatiicterhiend Hesensodue imbinidact ors in

the third arr r i diyrecti telS. Subs ially
por pend cur P PRCRRERREH e R IR BB S BN ¥ wi e
of the 25commdutiffaoes firrganvicechnalffods aaati afgp@oximatelynfotitte ohdi Tiek samsomy can be
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one or1snor eindrsendeiey casfbetavanged s stantiptt in pprabid sdthiope endther t hhes
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and col umsS'FoF A
adjacent edges of two adjacent columns in the second array. The sheet can be located

20 underneath the conductors of the second array. The conductors of the third atray 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

25 conductors 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 third array. The two different frequencies can include a first
frequency and a second frequency, and the first frequency can be higher than the second
frequency. The method also can include receiving signals for the second frequency at the

30 at least one receiver that has a higher current than the signals received for the first
frequency. The sensor can include indium tin oxide (ITO) on a polyester sheet (PET).
The sensor can have opaque metal traces on a polyester sheet (PET) or a plastic

substance. The conductors can have a transparent conductive material arranged in a



10FI G 2 depicts a diagram of another exanple of an array of rows and
colums for a touch sensor. FIG 3 depicts a diagramof a graph of
measur ed wapacim#see versus a perceived touch force or pCcofAismitip4msisgnal
recei ved ‘by the touch sensor of FIG 2. FIG 4 depicts a diagramof an
array of rowg.and &%&”ﬁ‘i%m%‘ﬂé eRBoitiOHER bRAREPIe HPhld3eodhadfRy 6F S @ di agram
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recei ved byggﬁﬁghggﬁg%ér&d%@ gt}ﬁgg&?%‘?&chﬁl ag "am of a hybrid touch sensor.
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sensor, where ve a di.anon Li ke
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el enents. DBhA fekieDBRBERpET dihXbbjretanatepal cwee ippaeht san éen, sensors are
made fromelectric L conduc ve rows and colums, where the rows and
col ums are W%Pé’ﬂ?g ‘E%fawééla%} hg Cj2%Pke applied froma user of the sensor.
The rows and col umms cross over each other, approximately perpendicul ar,
and form a two-di nmensi orlﬂlIEﬁ‘El)ES(XRIPﬂTI@l\EOEdTHE)DRtAWHm}$oI | er for such a
touch screen \MelJ rrgﬁsure he cap amtange fraﬁlg] @ fowtto each colum at
each 30 i nt er sddti AP HYAEFRET AF AT RLLLUVAE SONTASOr & QHEP FNSON t h m 1 ows
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excitation voltage on each conductor (which we will assume here,
arbitrarily? OP?}“ %Bsoé colum), and neasuring the current

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.
FIG. 4 depicts a diagram of an array of rows and columns for a touch sensor.
15 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.
FIG. 7 depicts a diagram of a hybrid touch sensor.
20 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.

DETAILED DESCRIPTION

25 In a capacitive touch screen, sensors are made from electrically conductive rows
and columns, where the rows and columns are movable to receive a force applied from a
user of the sensor. The rows and columns cross over each other, approximately
perpendicular, and form a two-dimensional matrix. The electronic controller for such a
touch screen will measure the capacitance from each row to each column at each

30 intersection, producing m*n measurements for a matrix with m rows and n columns. The
capacitance is measured by applying a time-varying excitation voltage on each conductor

(which we will assume here, arbitrarily, to be a column), and measuring the current



coupled into each row. Multiple rows are neasured in parallel, and the
process is repeated serially for each colum, or partially in parallel,
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force. It responds'to the position of the user's touch, not the force, and
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dielectric . : 3 o i . !
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cl oser t ogetitie(SNR)hTIs deacnaas®sdd ik thernias used dvhengyaciieampazitivA torgh is x of such
sensors can_be Ko nsté{ lécstcﬁgur for exanple with wi de, overlapping rows and
col umms, and“8"§f & e Wt eri al between the rows and col urms. This
matri x may be scanriede ¢apaditive tewhi meayiraasent © upaddscauee it hasezemagomatidn ve t ouch.

The force-sgnsitive sensor desi al sp al |l ow, t.he devi to be actuated
30vi t Hoobj cOIE: BIHETaE M PR e ast oot ETHeg 2o Betsdors FrofFithant

(e_. g.l, g_ hartdfepérﬁes‘&eirﬁli%kﬁﬁbuc}ﬁnmtsbinﬂ@p}ilh@i_ﬁor@,&f@lwb@eruﬁﬁﬂ_ glbgnﬁjﬁﬁnkéjneilgdsﬁme e

i ncluding, for example, a non-conducti astic object) can be use or
provi di ng a"§i bWH@%@PP&‘E’WﬁGi“F%ﬁtag&P Ygﬁ‘ég??eo@iﬂeqol% sensor. An exanpl e of
such a sensor i Fof SRR eRek B8y b dmppdd to capacitancibl Bordtrhidi g apk@YelQflate OWs and
colums for touch sensor 100 shown within FIG 1, the touch sensor 100

i ncl udes t re@hagyar with a defpwaably digpqtijc baswerndig Riges Jihen aderee isianplied 1o ise t ouch

sensor,;100 é&?&it’bf?%ec‘c@agdﬁ% AhtSriak %ngtrﬁ@, Hgdjalf?)\i% "[h@pllﬁé'sf ORbLesdlige@et ri ¢ 110.

The deformable dielectric 110 is forned atop colum conductors 120. These

conduct or s Hyincreases the measured capacitance. A matrix of such sensors can be constructed,
for example with wide, overlapping rows and columns, and a dielectric material between
the rows and columns. This matrix may be scanned in the same way as to measure true
capacitive touch. The force-sensitive sensor designs also allow the device to be actuated
30 with objects other than the finger, such as with a stylus instrument, e.g., a hard plastic rod.
Anything that can be used to apply force (including, for example, a non-conductive
plastic object) can be used for providing a signal corresponding to the force of the sensor.

An example of such a sensor is reproduced as FIG. 1.
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non- CondUCtbaYsﬁleilBlaﬁe“cTapac t%o@@%@%‘éa%f@lﬂ:‘ 6v%1@épl{§e€=‘weeh ﬂ&trgﬁﬂa&fcomﬁuid ng the
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this case, | el plate capacitance woul d occur tween the row or
col umisand $6h®rgﬁ®wndvqslfan¢eapm1@d by et ewdernal tigree, seshy aahmwm sdimkernm. Adopti ng
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touched al nost sinul taneously, or when points nove so that they lie along a

hori zontal ( par dnpeqther grehfectyrg,igsteag of rspsurimihe capapiianrefion 6adiHav el ums)

line. o5 each column, it is possible to measure the capacitance from each row or column to
ground. In a system employing this design with m rows and n columns, m+n
measurements are made, not m*n. In this case, the parallel plate capacitance would occur
between the row or column and the ground plane, not between the row and the column.
Adopting this architecture, a force that is applied at more than one point may generate a

30 result that is not unique to the locations where the force is applied. For example, forces at

positions (1, 2) and (3, 4) will generate increased capacitance on rows 1 and 3, and
columns 2 and 4; but forces at positions (1, 4) and (3, 2) will also generate increased

capacitance on those same rows and columns. Heuristic methods may be employed to



In FIG 2, touch sensor 200 is shown having an array of rows and col ums.
The touch sensor 200 has transparent, electrically conductive rows and

col utms. Wbeot2on2¢is4 10sensor 200 has row conductors 230 posiuscanadsever a
deformabl e dielectric 110. The deformable dielectric 110 is positioned
above col s Ut 3o Jeg&ve FRong! BRPANE fIRAGAIHR 1*3@4&91% fo} e 1ﬁs9h'§1Q sensor
200 of FIG as relatively narrow row conductors relatively w de
spaces bet v@m aexrmple, bheonsisiariemthel seserncs in Whigh ﬁlPGPmE asfﬂou‘%he{!ur@hﬁpr oduces
both the abgy fisdlids€d bRl | JoPRER P&

capaci tance&tﬁg@gﬁg}rﬁg si@{rlltserruV?egwg@é?t e ug%r Os@rm(r)\}ler rlgt% %ha structure
measur es botekolve Meorxga;pmpctmg\pe.tenmj cbyred lpcmmomhbr theiinsgiring fdree| The featates or ce,
fromthe pag a'rkbee' %tcgn i) 4nta"il&ﬁt%ctul%§thta{ﬁo%§é i réé%‘ﬁ% WE@MJL% row and
col urm “def of 1B ructure orrents e top conductors in el atively
sparse rel ailmethladmd)sasmﬂtaneﬂbslja os pacepdiet weensd thanhdydiealdngw t he field to

st ructures ArECHRB IRt et oo GaPLOTP IR efp™or cxanpl o, a o arond

pattern 800, as IslFoeuD, tdmclEbeGisor&oo isBioWe oy dnGiuae df fotvs Bad/@ldnss The operty,
using the fringing fj el d_between the dj amopds and t he raI | - pl ate
capaci t ancet BSYf HQ 0 has renspaisnt HigCtEen q (FRAdusHYS re%:%,%d hﬁ 6}{ her, or

an i ntgrdi gichadredo patrb@cBadubidrsE3Gpodiiodehovérawe panshictieksarie 30. arte nar r ow
instead of wide so that there is a 25 Iac(oge spaci ng between the row

conduct or s $eiemabledisdrsic WA ispRsiiigpedsbo ‘lW%‘FOnﬂ‘ilcé?rél%%pFé’éﬁa%‘}?ée bet ween
the row conglyetiRl $cidw0tha Mhch 862 BTFIER DRBCRfifely B rovidsh dofd@kdroys
fringing field fromthe row conductors 230 to formso that a di sruption of
the fringi nyith reqtigely aridpwaes be@eetieasly of the rayeeridicte® provide for a fringing
capaci tance 0 ol ChsthlRR: SBARE) both BRAboveHollapylaMBLRIEAALLAASERY. b
configured like FIG 2, Oexanpl e, |am)n pattern 800 i1n FIG 8 or
i nt er disgi t az émgmw@mcﬁ@ce that may bﬁ@m@ergptpd b:etill,e updts fingerc udengyetu@00 of FIG 2
can serve ; r nsitive
sensor," r 2@6%@‘{6?3@ it g@@gg@%&ﬂ%g@g&;ﬁﬁ&gﬁg ﬁgﬁf ?ﬁdﬁg‘??\gﬂ TIJ ﬁ% gﬁgﬁ t he
electric fipghd capacttdmee ds dleemteriatbetwean theyotvaand eplums dafofnay. Sechsesivictuier e
sensor, touch sor (o} 00 of FIG
1, wher e a %réern %ﬁF P c?n u8t0§a£ gtéﬁltveg{cgg rLegirefr%V Orlemé? WQP éc%%g %’?ﬁ%a force
appl ied to thhe td mlmhthsﬁnlsl@as ﬁ111gB ap;i au:llengnpiaomtldlstrumalapmbegraeémfz buteedom For
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capacitance between the row conductors 230 and the column conductors 120, and to

allow a fringing field from the row conductors 230 to form so that a disruption of the
fringing field can be detected by the sensor to provide for a fringing capacitance for a
touch (non-force) signal. Other implementations may be configured like FIG. 2, for
30 example, the diamond pattern 800 in FIG. 8 or interdigitated patterns.
As described, the touch sensor 200 of FIG. 2 can serve as both a “true capacitive
touch sensor” and “a force-sensitive sensor,” respectively, measuring changes to the

fringing field and the electric field in the dielectric. For instance, as a force-sensitive

10



intersection in the matrix, and that measurenent may be proportional to the
force applied. For applied force with a relatively large contact area, for
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and those neasurenents nay be proportional to the integral of that force

over the ar é%ﬁso?,ftoﬁﬁggnsﬁﬁfd@;jcﬁ)'éllafég sinfifaRY tﬁﬁtgé %oﬁ@n seﬂ%’bg rlé(?&ﬂ'ﬁ@?f,%rﬁretao the

applied pressure. In this disclosure, 't erns force and pressure may
be used i ntx@dlshplgesbpagitance issaepsurpdissdieien iadprec apphed withpiarchpenuced by

the force i ﬁ'O\tziHﬁ‘lgtaQ %@Jﬁé%ﬁ?éeggee@ﬁe m@@o?%&, IW?tgﬁ ldge?’ggﬁ er?én atnt&ﬁlnyser 'S

touch force. t, and as ea ndi cat ed, “operating as a
"true capacoftfpreeappdiad hy themsafor'th budicas eryide tROGldgiend dagresoffesrdemenent s

despite the absence of.force. |n.thi n 0 it touch is
moasur 80 by ERE B B DR o il e B AP nebfoff SRCARREL R e T
br ought i ntiadipatexmatier yypeiof msouctiont Boréeseasitivé fehsor Hesidns cagilsvoplloivebathof t he

sensor. Thus, t apacitive, touch sigpal i enerated.in the touch sensor
200, even 1 ka0l dEaEd b oBSHT M ErEELF ngts SRS e a
measur eabl einghange(elg) atharl glapiaeid, ana§ coaductie dabecsidoat cewbent) oruser' s
finger is brought into proxim.t ith the fringing field of the 25sensor.
Since the ud€ lg‘&éé§‘gﬁ tcoﬁss\PBer“Ei!’ﬁ\é\fﬂﬂ {;m&q‘?r&f‘?&n % %rtaaalﬂ% fpige WdBAsor, there
i's no foesul fejafgely Em&ll nnat arbD f@xdple N BERMaY bk intgaied @RSy Mohdi N t he

pl ane of the sensor, and the user d%es not feel this undg}gi rable frictional

I :
drag on t heintfesstion ip theguatrix, gad almeasyement ey 5 BEPPitiopd 19 e dorcsymiet can

respond to thepReRairbdk®RiRh rdififelaBGe SortdcN&SE, fortRimpIBahd RF&mayded therefore
can respond to even a very ht touch froma user. 30ln FIG 3, neasured

i
capaci t ancemgporeql gt pilfiple ét&el’@@%an%ié theanapdy) apdtherr MeFEEMpESBaY Bh a
corr espondi 5}9@&&%&! g Bé’in&'g&'i‘éfth%?fgrcé I@fegtﬁé%?eaw e%cﬁgaﬁﬁﬁlgﬂn‘%?s@&%, A0 of FIG

It
2. Specifical S denonstrate y Fl , as user's finger approaches
t he toldch stbersore ofthampliedpressingg It this dissloswre.dbe eupsior fozaeead Bregsutomay

progressiv t ' Lager.: W ' t i ngi ng
field fr ome%y“rsg‘\?vﬁlgeg&%ggce%Flﬁ'rmﬂ{.as#%gﬁ’g%rpnﬁféﬂf‘?cgﬁ’c%%dg‘leal F{‘}E&%? Pﬁ%ﬁeﬁé‘ﬁ? |i“re| dis the
doni nant cathatiutiaseoeorinmytbhias analeg merseremaittod theaisgbsitochvitres.e t he user's

finger touches tfbeco% #4% Qhd §56 %rl?é?ﬂmd?cﬁ%id,gc%)re éagpégso alp‘?ﬁg @aﬂa&%@g%ﬁéms%ngo(?f’ce of

370, the capacitéﬁce I'icreases as € ‘capacli tance
i ncr easi ngl ypudhesensve 304 gracdEermantenzaapagqitt drcbsendhofSorce pingbis ntnse, drue

non- nonotoni ¢ transfer. functi,on from neasurenent.s.aof, the percei ved touch
force Do cafariaviiash seemiey B s sionst DR BCHER RO NCE DANET 6 VARE s
function degbedhethtdprokihi@y wath @ intSidred wigH the augheSieandd tiy eesesThay wheenough on
the touch sensqQr may increase t asurﬁd paral | el -pl ate gg)paci tance to

he .
the point wiHBAIYeratehsignalp gnersfediin the Aopoh sensy A0 e B userflogs Mse in t he
nmeasured CagpG fraRGe tEME k@SHOsIAienéBureable change in the capacitance can be

determined when a user’s finger is brought into proximity with the fringing field of the

25 sensor. Since the user does not have to apply a force to actuate the sensor, there is no
resulting frictional force if the user’s finger moves within the plane of the sensor, and the
user does not feel this undesirable frictional drag on the user’s finger. Rather, the true
capacitive touch sensor can respond to the position of the user’s finger, not the force, and
therefore can respond to even a very light touch from a user.

30 In FIG. 3, measured capacitance 310 is related to a perceived touch force based on
a corresponding proximity signal 320 received by the touch sensor 200 of FIG. 2.
Specifically, 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
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10t hat user's interaction on the fringing capacitance effects, and yielding
results that obfuscate whether the user touches or attenpts to touch the
sensor atwe@l2n12/024254 There nmay be ot her nmeasurenents perCoruseaion’sst her

i npl enentations of touch sensors. For exanple, in some other

i mpl ement at 05 ywilf 1H%rrﬁ€ﬂ%ﬂé3ﬁ~in§iﬁ§%eﬁl%nPErd\Fﬁt%%%ﬁl%nf ﬁ%%%ﬁ&&nf;@éﬂﬁe@tﬁ@ col um
to ground, instead rom each row to each colum, thus 15nmaki ng mtn
measur ement &inzing fieldds e daminanicarasitence it Bis insianen Aflierageint phere fhervaflel pl at e
capaci t anceg ol o] und pl ane, not
bet ween t he %yjogcﬁgﬁﬁéecg kg dg@g?e&%@%gg@bgg%@ﬁggtﬁggp%m enent ati ons
enpl oyi ng t@eammemwwasﬁmmralﬂayplmpametaam iscrewingét weomesghedahindngr ce

i ndependent t i i t han one
poi Nt | %evenéaﬁn {ﬂ% ce, tﬁ'slsﬁr%%éﬁﬁﬁlg-}na\%ﬁ%&f&%s?& f&rﬁltl&pﬁl)ﬁl%%a&&et&%% ofrl er

nment i oned m-.pacenmi togdrforco tocdapsithive. Aapacnsbqucecdaﬂﬂtﬁrnose]mtomcat | east two
different effegt e Birst een out of
the transm tosp Bafieh BRERIFETGS. bl Rp Rl iSOGl vt ne
user's st r apuchapaor manaerdase thélmteasmd@aralr&mﬁatséarpagltaﬁ@pametpam ehe@yhaOCCUT ,

for exanpl e, the user is 5ho t.he device's netal case, gven through
"~ a non- condula?ffil{?bplé@é;f‘?%aancf‘)f’ ‘?ﬁ‘f"ﬁ?gset‘ﬂ metaﬂ}r%‘@ﬁacﬂtﬁ‘éce&g‘é?spgnd? i&ier |

becaus® t heths@R& infeiadtGdh Gahe ﬁﬁlglﬂgr&@pa@ﬂ@dlbff&(ﬂs ﬁﬂueghelalhgwsultdtﬂzger can al so
ts in the matrix, for which so el ements will be

be cl ose to ot her el
gr ounded. whf%SC?tFngt%@ftF% r%@*@ﬂ%ﬁi@a@@t?r?élclf@?a?nswéglgy that flows to the

receiver. Secondrhefeczﬁr@/ WRfotleh he@RNRbtsipefund iPstherGnpleRenthficGRSMoLLILr  can
coupl e |nto t he user 30finger, through the user's flesh, and then out of

the user's fenspdertor 6anrpée insoEeer inlemersaion dherpaciipics ca RIGRFEWAY of t he

user's finggsm eWB'IGxKJ ah$cAHRRE VXdrTRiCInYed T RATBRRWBIchcIin, s | arger
than that of air, this can increase the coupling effect, and i ncrease the

recei viéd enaplgye m+n measurepatstingieadiof médn seasreniantsd e tisdiases Beontllieletgonses for
the energy éa&agé{\fanf %Qu‘f’&(@cgpj H%twegﬁ %I}Qﬁ 39 c&ﬁ]mx\@rlhd:tn nglfotn?cfz H&t% on U here
atronship

may be a non-nonotonic re et ween asured Signal and the
di st ance fruhmctvhmdubmdhsnri i Syeer ofttlgese veclswnswimplethettations smplnying thed, t o

| mprove per f E’lgg'sugeme n%? Qe e%rie’ totdgt%%né Sa’éﬁ ?({ra: ﬁ?&f})egae f Q)altlgﬂr ed to

operate in B REPIRTSE Y C I ncreasi ng sing node to
have a rronolbcm:ons) vélea faromis hppjled Atreors tthan@hé yeldtec\ree assuhrcgmphd enodelyngwand k

parti cuI arl%) * . I n sonme inplenentations because this nbde may occur at

hi gher freq BREIREES The ef fect s corresponding to the strictly-decreasing
node may al so ocAdbarlish tnlantamgdi @&ie@the&h@@ama:heﬁhe bptagertodidneenssent Isast i nger and

t he touch sensd? % ce as ﬁ s fi nggl becopes. verty ﬁ)cl ose to the
sensor,, t hetMergieeentic e%‘i‘rﬁﬂ st‘?ﬁvre ehirstegms L heepgy Hoyipg AR e to the
user's fi ng@arnsmmdcatnhm fnltr ReIgRr ddiGetBaD gidundthirQeRitheaikertkiiiapat es, and

causes an increased ca aC| tance This can allow a | arger thi ckness for the
gl ass for t (e BE o et rqdls ycapac1tance may occur, for example, if the user is

25 holding the device’s metal case, even through a non-conductwe coating, or, failing that,
through the user’s finger, because the sensor pitch can be fine enough so that their finger
can also be close to other elements in the matrix, for which some elements will be
grounded. This first effect may decrease the total energy that flows to the receiver.
Second, some of the energy flowing out of the transmitter can couple into the user’s

30 finger, through the user’s flesh, and then out of the user’s finger to the receiver. Because
the dielectric constant of the user’s finger, which is approximately the same as salt water,
is larger than that of air, this can increase the coupling effect, and increase the received

energy.
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Sonme ot her inplenentations, however, may use the strictly-increasing node.
As descri bed below, there nay be other effects on the node that are a
functi on wb 2br2quesacy. 15As illustrated through the examrpirasstiomwsin Fl G
4, in sone inplenmentations, it is possible to arrange a sensor such that a
first fringing capagh Eﬁé&@ﬁcah%rcﬁﬁé@&ff@r@nt%’s I)I%@é:ﬁ)rth@@ﬁiergy f&copg and different
fringing capacitance can be affected ﬁe user's finger. This arrangenent
can be accom@mﬂ)?}h@f@e%ilm@}l whigh efifast @*meﬂaté% detoraeldy aneatmyelrdicat es a

signi ficant, b i Jne.dh Qe d back
(toward the |ls r[%wt/ée es o% ‘%8& ﬁ% sgl}ldsto‘?&lgt,g\“eatte@ﬁh%?tslﬁﬁga{%? glgv W res can
have this pseomrt\’y’lth thein entadapd inprevs pdkf@maacmhfalmﬁnnboswcpattrts@snar(%l G 8), or
an interdig SN e i ble

mat er i g’l éoﬁlﬁél?rgd %aoéote:l%{er]{l eftfer Qgt?%{li incp— Qﬁ?ﬁ ?trl tl&%cw%ﬂgqgode% B%Y%ém tin
oxi de, ITO)mbmc&m@wmuomhiwé&betnc(l}aﬁab)reasmgmokiemapmmljamdhlalrlmilbmt rate. The
sensor may be placed above a ground Iane arat bl e

i el ect 1o aEapPERer B Sl B il iR Se B RER AR RaRIER ow
conduct or s &2@smnding arthe)mlem} torreasing oo dd Me B aléle%bcw with agprd&ersppagionbet ween
each of the rows 420 a betn\gtgn e@\ﬁg of the c%ﬁurms 430. The touch sensor
400 i ncl ude¥YeR e ‘ﬁaru% L5 aH20° N3RS0 3 1hA Ve S FHEH SEeC s 3CTYBel ow t he

col unmocondglede@s thedafdod, e ffd@fiowhirb b rdt eduplel o altlsitteh) tathg@u@wed pl ane
440 under neat h. Theﬁpcgll unE conductors, 430 are p05| ti oned between the 30 row
conduct or s 86T ARG BUQReh Shertisen te 2 dcgiveicdopyipatess gnd cags #hiEcisardr nabl e
dielectric @a@&xﬂa&e?’@ﬁl‘s CALNRG ebl@ﬁg%\ﬁtﬁi&kﬁe@@fo@melgﬂaas foPUEIRbBid 3thsand the
ground pl ane 440 n terns of the perspective illustrated in FIG 4, the
row conduct Iae oAby igplemeripiqngdiongvergnpeuss ihesgistipfinarsrsing Mode: Aayers shown
for the Ser‘&e‘é‘&lbeéﬂgox@vhﬁel‘a ?rﬂ)@ oePGR A thSmGRAB AR EHndBn BEfredtRAST Neat h
the other |ayers shown f he sensor. The dom nant capacitance in FIG 4
can be'sfringi ng Pesaba%ﬂaﬁdﬂﬁeug@éhw\@@mptewéowe@;fé@tﬁvresmmwgipmn@h@nsﬁ:@Wnns
430. Since I g., the
separation %Jéga}ggég@{ﬁgé)? gé\%gorgﬁéd Co%ufﬁmgtgnl{rﬁg&?%&@%%éffge‘%ﬁ b?@&E%QS ri ngi ng
field can besecaugh diffeopentringing. cagelt@ce Ban liel afisttedibyethe eseempingery Thisi ngi ng

field lines . I 30 of
the touch: SwLgibHR G el G R REPo A S e PRI e 200 can
be synmet ri inging lﬁeldh)nﬁ)bﬂlehe fnéntt(ﬂowalrdahc wserdud bak ('@ﬁ)ﬁ/@rd&hddlspﬂl}l.) midecafhduct or
430, Wneret?ln onez gt QH% g{fleldlln3540 extend out omthetouch
sensor®°400 Yo%ArY: Q?S‘i“"” QN VAHSCALIAVE sepro?%yn%’fﬁﬁn}p eF 9 hes 540
§Xt e:’ld ;)ut cﬁmﬁ?’ndl@brp@mr? tlﬁlGSS)ebr a(nﬁimgfcdlgltat’d:d@aﬂ(t;s?&bfr stheke. Eﬂds‘eﬁﬁorbﬂmr ds a A
isplay). The fri i e on t ront side of the touc snsorcane
G oruat by opoipdda NP whicfin P Sssiie, st B irr b Bt P LS TR <1 gnar
whi ch t endsodie, ﬂHE)rt&@é‘sQ)ntﬂb@eﬁfBﬁ(&?ETf}?& SR PRt AMEBubTRR, fTh Bgissigndyite! d on t he
back side of the sensor can be utiljzed hy the d }ﬁ?f ormabl e dielectric 110

and a gr oundlassf abryea4arund plapg seragicthbysk Simaple disfes@icdrptoath

non- copduct i ve aRpgabulihRFIGNE HeE A8 dMes Wi dbaluctd3n@dna naRyedolipvar d t he
ground plane 440, causing a fraction of the frin ing field on that back
side of thecosdyesds 43bWEeWidsspacebaswecaeasheefdhe rowp f20andyperreenpashobtieby t he
ground pl ang4ff-438 NenCnEehsof hOVInPLddstew bR chbisans Thdvk &le LRgfef ore flows,

at least in part, into the ground plane 440, which decreases the neasured
capaci tancecogﬂlilcgh'e‘ #30. Balavathegelums comduciomyBfiis addermeplgdiplestic ¥l0tHtta gr ound

plane was '1t40 u%%hﬂza : ?He ColulR B5HILEGr %3P AR pbaRGRd Bl el b €l ated to

a per cei ve tOU OI’ ce ase
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
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a corresponding proximty signal 620 received by the touch sensor. As the
user's finger approaches the touch sensor 640 the neasured capacitance 630
decr easeswoAs1hesuser begi ns to touch the sensor 650 tIRETABP@CI0YTBACE

decreases, and as the user's finger is applied with an increased force 660,

the capaci t gne@ichih itleer %@s%ﬁ&ﬁﬁoﬁ&e%&ﬁoﬁ &fpe %m%ﬁﬁ@éﬁa&t&lc@%ﬁﬂ@ﬂ he ground
pl ane. Specifically, if the user finger presses ver t he

capaC|tanceﬂmé@ﬁ@%%@%“%@@@ﬂ@émﬁﬁénﬁ@ﬁ%@ﬁﬁwﬁﬁ%wﬂﬁpémkc lwﬁﬁoté@CQwﬁnsnltter
of the sens u

ground, bas@glw Sg%@?(&! ‘%\é{"ltn%égg?ﬁ E’;‘f’?t&:i hﬁﬂdglrégé% égﬁts galtlggglétp’% %r{ﬂggn “of t he
user, |nsteaﬂcmﬁmﬁ$®wmh@Vﬂﬂmnﬂbhheﬁ&@emdékhuﬁbthgg@emﬂwmﬁﬂbf the user's
30f|ng r presse e tapce

decr eag’es furt thrIwbgenléllﬁQ&és e%?ﬁ& al\f%s%ﬁ%%g h‘g? ﬂnéshS‘io EE’ %ﬁ(% Foqv (gogl?&g(gr@ g nove

closer to thﬂfgmbmndmp&EMB43&hf®humdmsmsnmn@aﬁﬁﬂa4amdﬂﬁuﬁtmnﬁmgmgentary
effect of h f the curren nto th ne instead of
t he recei vets\ﬁd ﬂgesssggeafﬁbe S%@&%eﬁ e %h %‘%es OFI Vﬁ&(ﬁ Jéla apﬁﬁ)ﬁcginplét ed by FIG
6 is therefamunmnicdomicce w drfe sidespiaging tieldtlines ma:&tesd pﬁrfmm wecbutiouch force.

The nmonotonic ¢ citance characteri stic_.can W a i of the
T o o s AR Ehard et Loty s s e s a T Sl byl
nmeasur Nent fréh RNBSSEES on & bekhiicGHESr @W@ﬂd@u idRgla); EGE et fiethused to

di stl ngui sh_bet ween the sensing of the pacitance resulting fromthe
user's fing&pntsidg Ofﬁét%lé]bé@?‘?ré&ﬁ%ée digsties P gefusdminger ap P@éld‘gﬁﬁquﬁed by some

ot her obj ec{yph&ti toucﬁs il Waich Rspbl$ éé@%ase%e%ﬁﬂ@& ¢apbeifdhce1aNE ive
obj ect). For exanpl e, e capacitance with respect to a user's finger can

vary with ffg G%HX?)P%]%W%F qfﬁlée seaoh eI betibized hy ﬂtlf‘odef%@a'?h? diclgetiictihf and he

def or mabl e %lo@l{ Efihel 480 C AL BFHAYnBP RIAXLIIBL iR VndnQRRIRAYe WjdcPirbA gguUency. By
assessi ng the capacitive rreasurerrents at different frequencies, a

det er nfsnat i emdectors B0, talere awvedtonaet the gropirplensdh, osasies fricsion efibhed by t he
user's fing QNG i y, in the
case of a ugégﬁg fuca)lﬁoél rMi?ﬁﬁbﬁer e %&g%geﬁgnﬁ% Sh?rted £t aetcli,{&é@q ﬂga{llglé%% lE‘Eeldutl lized
for maki ng bhihs gausd plaet 446n The catesneflowing intdthe sremmiittgy tlefefoledlowapabdastance
15resul ting, fr a i

capaci t ance"résu {J}Ee f ? Sl{drﬁﬁ%nﬁ 49?3{1}3‘%1 %c%ﬁﬁgﬁ,%qnea&r&%a m&&eggfﬁt@t such as
a styl us i nstativerernhg capa'dmncrmmsme(ﬂlfdmpgmumchpim Mamgﬁesdme to the user's

f h t fact th
2 chare 1 1rodudhe Buarny pddifs i Phages BuRRRfret MPuediRie ™
resul '([j s fr omdrieepdntipg Geoxarithe s 620 rebdved H§ thexbabhtshior kg theLide€s figgdrcui t' s
groun

approaches the touch sensor 640 the measured capacitance 630 decreases. As the user
begins to touch the sensor 650 the capacitance decreases, and as the user’s finger is
applied with an increased force 660, the capacitance further decreases as the sensor

25 moves close to the ground plane. v

Specifically, if the user’s finger presses very lightly, the capacitance decreases

because the current that flows out of the transmitter of the sensor can flow at least
partially through the user’s finger to ground, based on the at least partial connection to
circuit ground of the user, instead of flowing into the receiver of the sensor. If the user’s

30 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 complimentary effect of having some of the current flow into the

ground plane instead of the receiver.
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20node, which is not zero and at the frequencies of interest may be nodel ed
as a capacitance. The user may al so be capacitively-coupled to ground as a
resul t ofwbebrgp2uas4proxi mty of a grounded touch screenPCThiS2u3su7888Nn be

grounded capacitively, for exanple, through a -100 pF capacitance. In sone

situations, the m%&&@fﬂ&@oﬁtﬁaca\bﬁélﬁn& mﬂénfate‘a%S)tFl[(Y 6 B¥hefefdrB@loabtort at | east
three to one in either direction, gen in for 25exanpl e, on whether the

user is st aWdh rrgpachtorlg wser %Eﬂcrceewdém@ feethemaggionissarasiianst al  decki ng, or
in thick- SO&h%&et%ﬂ%%af?Qﬂ&thﬁ%né*@ﬁﬁe fu%&mnmf)’ﬁf&%iacﬁéhc@wa mpgﬁﬁgdr oists. To

a first order, the user's couplihg to ground can be nodel ed as a
capaci tancemowlmh@dﬁgémmyefmt ress@ff ecti vel y grounded at hi gher

frequencies t han&@ﬂn&i&%ﬁlglogf&g %hgyscaﬂtbehge?lﬁg dR %ﬁ%&t&%@?@%%n\éﬁg

i npedances tend to crea I NCr ease requ over, “at high
f requenci esofthd1®paxst@ncerre¢3ultblg f@hﬂbcwwelﬁygagramhﬂnde@pawtatnhe tehdtingipedéhece due to

the capacit nc%eap%n% bﬁe%ouc obéé’c?gtéerlchﬁ 51§4n B}n\l\'htngcon%[lgtgfggrﬁo flow out of

the transmtter event ual | y to
ground. Thusndectivapjecty dtr exsepld, rthewapmctartcamm resaert rea whs efivged canhery t he

aratvel y v BERRG: aca® v eSS BERL bR Relouinir pERe i e &9 11

f requenci esstayt d‘p@rcbtﬁﬂdtel?(ﬁ%sfhﬁtwbIEfrqueﬁdyf @ytdsﬁe@dnyg the cupaciack médsureentsister i s
| ess effecti, rounded, ,then inste t he gfﬁl H flow ng.fromthe

transnitterd fBrt%tr R drlesnination 9‘7‘63? maﬁ‘ﬁﬂf Py GoudbiTBSBS the current

can fl ow fr@ﬁ@}{ea@yﬂfe@@@mﬂﬂg@rortﬁd}{oﬂughddchﬁbd»]ﬁ&[ s finger and then back into
the receiver, since this inpedance gath is lower than t edance path to

gr ound. Gener al Moreﬂowﬂgulﬁr@ém § C3sf 052 psf afq%ﬁ@er%@faﬁmumﬂ%,rwéa ety that

capaci t anceganWRiufitizea oihkas WisldRtihiRn 48448 RARRINERRAG SRARCQpESERd bed above,
yielding a smaller net change. Since the dielectric constant of human flesh

I's 10rGughl fpsulting fresm theaisesrs fingpidas prpssegrte determiningihie caaeitagee repddngiieite, this
ef fect can, g ﬁ)rﬁ@éﬁghéd‘w SIRUAL bYBR, suY &N FRNSBsthiRnffEaRULEMycaPaci tance to

i ncrease when t ser'’s finger I's present,” I nstead Of decreasli ng.
capacitance change due 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 between the user and the controller circuit’s ground

20 node, which is not zero and at the frequencies of interest may be modeled as a
capacitance. The user may also be capacitively-coupled to ground as a result of being in
proximity of a grounded touch screen. The user can be grounded capacitively, for
example, through a ~100 pF capacitance. In some situations, the capacitance can vary
significantly, by a factor of at least three to one in either direction, depending, for

25 example, on whether the user is standing in bare feet on a concrete floor above metal
decking, or in thick-soled shoes on a floor made from plywood on dry 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.

30 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
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Due to the effects, neasurenents can be perforned at different excitation
frequencies, wth the user being relatively well grounded at high
frequenciwe,20ekfung a 15smal | er capacitance, and w t hPCinaSe@éien47384 bei ng
wel | grounded at | ower frequencies, yielding a |arger capacitance. For the

force-sensi ti¥&. piENiQhe Sh@R3esulliftein hLGRBANSE Hi Y& SHNROheSRRACI t ance
relates nore to the field wwthin the dieléctric of the sensor. The

di el ectric censtaige. of the deformable dielectric may be taken into account

in regards to freauQRCHeqiitesd ﬂ@Sﬁ%etr %Z%o?b%@%ff@é?ﬁrel?%rd@l{f%éQgtgg‘u&eﬁl?s”?e in

t he capacitance over frequency. e capaclitance w or mabl e

di el ectric danelfestingly geuyddddben instedbafghaayriont froovimglraen thedrnaniftew per cent
over a reas | frequ . for | requency range of
about 10" kr B P oo S s, B B sl s PR bl AR RO ol &

sel ect ed f otrabdnéttel] éiamgh themsaafinganvand shepdnek intoi thd teyeitdnaincd desimpetianchiange
over frequenc

by nore than that amunt. 5side effect .may ,be pbserved
Sue to tho: PatiChuRRhiuhe AR Rl Boed GGl S TR trRab on it
t he capaci t amekescteasdn cipasitancd, owhigh cambineguizinthy ds@tRed dapscitance described
resi stive-capacit.ve (aR%g Ci rcctll;)i t, %nd chg%neges, t he measured acitance. |f
the trace r@89'&t ¥pldispsmplieinat hARgs OHics thedigscfriccongtaly opuinan Yted and
corrected. fauEBlyitRabNAWE Snd MudgBitbnBan 1A o etygack, thid éffeet wAaNAGHhE ve touch
and a force, signal 30can involve neasuring the c,apacit% s at. two

nc
frequenci es MRGRAMRLAS: VN §AHE tHe MEREST cRRpiirnce IRdeasatvhehiBe i3 sfinguenci es

are quite diig‘gr@sreﬁmnstegchmegﬂa%qr%_can be an assunption that there was
probably a finger touch, and if the neasured capacitances at the two

frequenci es are Bue tdheeffss, measaisments ean becierpuncarit ddfsisnippeidiionhat there was
probably a ﬁfegkfeﬁgeggs@éll'tﬁéjusy M AR ARG L él%ulgigg a@hiéﬁ WédtendidsibHpgnat) - For

exanpl e, a signal generated due to force can I Sti1 ngul shed froma signal
gener at'ed dgealia capatitagee, gapwith theweertnotieding wiell grewndad afdowger frogpencies,
Former wi | RefTah AL EREERe % Do Tons of a percent, and the I atter will
change 5dr amat i cBérl tlngfow}lsamﬁta@tsmsom‘igr@l, dre fm@cegnsftbp salz,scarvppaeit'aﬂcn regese
| mpl ement at im%rr]es to tﬁehﬁ‘\ela Within the dielectric of the sensor. The dielectric constant of the
deformable dielectric may be taken into account in regards to frequency such that there
20 may not be much of a change in the capacitance over frequency. The capacitance within
the deformable dielectric can relatively ideal, changing by no more than a few percent
over a reasonable range of frequency, for example from a frequency range of about 10
kHz to 1 MHz or more. In some implementations, the materials selected for the dielectric
can have a permittivity that does not change over frequency by more than that amount. A
25 side effect may be observed due to the resistance of the conductive traces, which in
combination with the capacitances under test, forms a frequency-selective resistive-
capacitive (RC) circuit, and changes the measured capacitance. If the trace resistance is
known then this RC effect can be calculated and corrected.
Some techniques to distinguish between a true capacitive touch and a force signal
30 can 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
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different frequencies can differ by a ratio of approximtely 4:1. In
sone inplenentations, any nfn (capacitance froma row to a col um)

capaci ti weof2oroe4sensi ti ve sensor, where the capacitanceCraSneasursed at

nmul tiple frequencies, can be used to distinguish true capacitive touch (due
to the currente dBHQUE A00E)&t USEr a Syihié MGRMnlent) @O &:BRPIOL G8nad bGRAked I'n
FIG 7, the hybrid touch sénsor 700" has sparsel y-spaced, narrow row
conduct ors FEpodprce enn befdishipgiished framnt signabigsaersied dyesio a trpr gapspitiyierieuelbnduct or s
730 are posit L anet, Awe vARIRLIRRLE rdiGhEst (ol sy ARG e da] ArBb! e
dielectric &%%ﬁ?@ %%g‘lﬂ_t i“gne}g eg% reow gor?glgc{eogf’s 740.a 15Thte1%|)rrp(f enent ati on of
FI G 7 showthatthe éxmaptvidl nof cliangd Bnmore dhandensohapersinhcké the latsr wdl dengsi ti ve
sensor on t . t itiv n§o : clitive sensor
part of> Fi ey GAERGERRD ke AR BE ome 1BGhEHEIAERTAL

wi del y- spacdiffefentfre@antiesatmdiffer byha @hio af patxapatelf 4Wi. de col umm conduct or s
730. The force-slengi gilv sensor part *gf Flc%n7frh%s }ogvecowco% cgl um
conductors 730 p8§‘| 1} d%pe%fn%ﬁ%p ™ e &Dérlp%rﬁacﬁl St R EFPE™0110, which is
posi ti oned odpatities frcdesciisitvesandy ehefeshe/chPacithiae iswheastred hemuitiple r ow
conductors 740 are dense. The.f.orce-sensitive sensor rt of the hybrid

t ouch senso reqi”@ﬁm%saﬁa“[)l’(? “&%‘bta%f%n sz‘stﬂpé?a%‘igw? &“ﬁ}é?dﬁféfcaﬁ%ﬁmfeﬂ%&wuég col um
conduciors h3@sandinghe fioAvherduphar s 740, and the true capacitive touch
sensor part of the_hybri h sensor 0 can be used to neasure the

7
fringing fields Béteehe %%%\}W&%ﬁ%%@%g%s SPAEEIEARICEh BAGVEEOY 5 0l umm

conduct or s {FHAuctdRG20b ARGt oRAINHsEEHR s 70 TAE Bol6RALSHubBE\WBe Aret he
force- sensitive sensor_and the true capacitive touch sensor. There can be

h
two separ at BOSHioRedipfBpanakle didledtiq Hoetnddbs Jefprmable dissctried hR éstnosiionaswy

conductors £20w dhQudsd7&p!l um conductors 730, for the force-sensitive
sensor and the true capacitive touch sensor parts of the hybrid touch
sensor 15700. 30! n'keomplemeptabersefttaEi dshows amexamply ¢fdmplgieratiarib@stadigs i s a

k of d , ©ssd )
stack o eg;ﬁ&%&ﬁ%’iﬁ&%%g&g%ﬁ o?é@u?&tphélﬁv&%&%@ﬁdsg%[‘%{ré g%g%%{é@féﬁé%n?&re

def or mabl e electric 11 top o e row con _ hen dense
col um condpat of G730 clides thpnagfont low adhddctnes TA0cha 2@, widels-spdsehirepande r ow

conductors : cam The.. ductors
730 are pos%ﬁ rog’gﬁh%%ta\a%eﬁaﬁ%ee&rl ow cg%ﬁ%ﬂéé? t(gé'r)ds S%ggrgen%&? lttfgé)gcfggggrp ﬁ%gf‘e

di el ectric EOED,7 lanthetwhde abbmor crmBlictord i7 &) msitional d@dofitle gedmimeblodetichiet ween t he
col um_cond ors, 730 and the, row conductors -/ In terns,of the

per spe% i velffqt’ IWLI]%Cthrlsa?oes1 lofl%&cl‘flltgw CIPheT 6‘\9\}055(5/'#@’&‘8 V(%frﬁgh%émgzrrgwconsi dered to
be on top ofoddh&ot7hesreldanyser The fosssrsefiditveseisoeparifsiarhybadh thuthens@woo

conductors 740 are, consi dered to be underneath the other, |a s shown for
e denoty . anbesaL G ATRyTe T Sttt g Sl Ah RS oD BT bR tionee. ows
to the denseord@ttdNgo, add HR1GE cARBIBVE RIENen&a Parb6f thbhybrideshich agidodogoomeasur i ng

the fringing capacjtance from.the nse coluyms to the sparse rows, a true
capacitive FBOUREHSY t@ﬂéﬂas%%weg%n%fgﬁﬁlféﬁﬁwqm&éowﬁ%“dt‘}gt&s'@g%‘ﬁ@ﬁwé n result

in an bgcr egffmh BodMasHI780. TRPAGE tANME chitiudBEisB0 hRIERedBATaRRRtccand a
decrease in neasured capacitance in the true capacitive touch neasurenent.
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 sensor and the true capacitive touch sensor parts of
the hybrid touch sensor 700.
30 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
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Various inplenmentations descri bed above may be forned of one or nore of the
materials or techni ques described bel ow. For exanple, the dielectric nay be
def or mablwQ 2aredh2my be, for exanple, a soft plastic nmat @CraiS20130#1844

silicone, an el astoner, or another 15material that has an ability to resune

its shape We&{a%létofée/fs%mpra%gé&a%w@%% {hi%gmdlg&dﬂ&% d7§6’£ﬁd 1hé dsbinavEt erial may

be pushed out fromthe si when i epressed I n an area. These

materials, isleceicd@f.tand theylefponatiedigleettic ¢0) mbyitiensibetesei the eolfmng. , their

vol ume may @&{du&%“;% ard QQH\& g&ﬂ%&!té’rs%é r"In%&ﬂllls 'o?ﬁixe Egr %%H\Eeeihuatr-gg:gﬁn may mean
that any decrease in separation between the plates can result troma

di spl acenentl®f7, thaeow obndmetorsf720 hie cRidesddge be bictopahthentier Aperastowalfodecr ease
in that_volynme. This resul t | he forpati.on of i e _around the
dopr oesad albaensph e Rkl Etliol %6 0B bBIARL S B PRl I8 P RS Ly

regi on of deoweabetie sapar dly measuring thxepacd kspltte bypaaitanegirom tiof dehsraveased
separation, ,to provide a volume for the. displaced terial. Far exanple,
when the volGiiseglumas 4 aes MrauriahcRg oBfedapy PLmee fpé s dineine
depressed atgacieate fidi eheadedRTORARE b AL ehagde@OWd,  Grut Bipakineswsudhesighal cadecr eased
separation ett\)/ve,en t he row and cql uim conduct or s%, and the areas around the
depressed aPePRAr! RAGS RFPSPRTioRdcan IeH i fud ingreast i raeanwed capacignce ifncr eased
separ atg on BRtYREmeidifenicavindndic60dsd IMmEAGMY iRt Sance RAREI QI dABdcitive

i npl enentati ons may have the areas of increased or decreased capacitances
reversed, dEPEhBEHYEEEthe area and properties. In some inplenentations,

software may be ygfhsiRplSQaRiRhIIREBAAbEVeURayIRAGG el oY End BWedle oaRE t he
software may al so | ook at the depressed areas with the ring shapes of

di el ectric Matepisar teghndqnse deseriped balovertier eramplrethe dicksstric may be deforggtie.
| mpl ement at Long,y Eé}ﬁarreké}ﬂplé,*&%gﬁ pRtid HEEEASOH sHRARCAT é}ék@(ﬁne%rc{?ldﬂ&hérhe point |

of decreased capacitance can be used to distingui sh a signal that results |

from f ¢ ce fatnrkthatdirgrradbilithtet resusmistsBarfervdien p defernsiap &uee is venavedichie For sone
of these i ”?éi?gﬁﬁitc%a&e?ﬁ%a;’& BEnRAQERE fr&%'%hé)s‘?de%hgﬁﬂis(cfeﬁn%s%hfi@é}lca‘?ei roma row
to a colum) capacitive force-sensitive sensor wth anh 1 nconpressible

def or mabl e dThek evtarials, white softheay natpt pmrtatlaty ongressble(egt theic volanmemagl s may
be used that .change. i upr ey a epr foam conpri sing
nostly air S?t Cgarlln ﬁgpfhg%&i r‘g@lse}%@ﬁ %&%8%?%3“?{}%@ el%g%g{létg?}ggweea?%g]m made from
a fl exi bl e sphetiv@bdtwedditheplatesgneesittiidin odisplaayentétispaer ofidtes. The air in

the air_ gaps. can be used a e def.ornmpbl e digl.ectric, .and the touch force
mmy bed F BEtroRy PALSTintael o R ARE et T e REs R e gR el of
t he di el ect aiiag shbpeaduiid Yapepréssal Hen, aplekaalid, yTHiS ‘Ans@bedifect” amtmedre air in

the air gap s . : : . .
g pthat any region of decreased separation may be offset by a region of increased separation,

to provide a volume for the displaced material. For example, when the volume may be
preserved when the dielectric is pressed, the depressed area can have a decreased
25 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 decreased capacitances reversed,
depending on the area and properties. In some implementations, software may be used to
30 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 decreased capacitance can be used to distinguish a signal that results from force from a
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10 conpressi ble. The spacer dots with the air gaps may be simlar to those
used in resistive touch screens, for exanple. Since the air can be highly
conpr essiwbepihrestouch sensors enpl oyi ng the space dot PCTAIS2GI@N$B40 very
light force, limted only by the rigidity of the sensor layers. In sone
I npl enent at 51?55? that Q@ulgrfﬂ)muetﬂaﬂﬁ%\fé%hcﬁeF@r s%ﬁﬁ@%?th@ie dnil)-fan@ﬁtaﬁ)(;ﬂgethe
15t ransparent conductor. For example, the touch sensor of FIG 4 can have
the ground pinssisanbe an wheeepasitancy Gomtapwdan colmpspwaEdoEersamsiEive cui t
ground. The g @Hﬂﬁuﬁhﬁﬂﬁlﬁ%MbEQ%bHﬁdﬁ@ﬁ&@&Hﬁd in sone inplenmentations, so
that the redistance between two points int ground pl ane, for a given
sheet resi st ancelp otfen nmdersmtioes, diekeatricinhaterfads rsat}'d@tusvdeth@ Cbatgﬁélr vaeme n t he
manner of the,rows . ar t her
(Tgrd 50 aRd"RorE pERSs Ll SR Rt R BNGS00PhBRHEE R 18 Shc
sensor fronthelrestdfthe ﬁiammac&efrogemﬁ@a?kbledlamyiala Othqwnrdalameylsltlams mlayapb ay (LCD).

If the touch sensor in front .of sible to
Lse 1o LaoESaRR! R HE R flrkos Pin 8 st s fimiable i Bl iR
i mpl enent at toReis fordemarideimited b e rﬁglmj(hflﬂg Sallﬂﬁ)t fader thaxyehle rl(gehtg oftha ground

| ayer) to the stack, of. the touch, sensor he (li,g{é) it.s&lﬁf..can.be used as the
ground pl an8leqiice Aheail eards plagyertisg Tfﬁ?isl?ﬁﬁﬂtc??l REM" HECHIS?Mr es over the

surface of wﬁprégsﬂ)m Ahetspatr &ﬁmwmﬁheeﬂghﬁdn@sge@nﬂ[a@wwosaluman rdsfstivdhe LCD
and touch sensor share a ci rcwt roun then traces,_on the ECD may be

consi dered tyclhesreens dersapgpleThac aFP%‘éeshlﬁlﬁch%‘épr‘EFﬂ affiedgue éerPéOI\?ol t age

havi ng bot hegpXing AEREALAIbIsAMKIscAR: Aferf RER AFEMNimitd eI bY bR ridig@Fpenent may
not be taken |n o consi derati on because the coupllng to the ground plane is

capaci tive. STH¥ 18G/C conponent may be inportant at |east because it may

I ntroduce noi se fnréBﬁleﬁrﬁﬁetﬁ@rﬁ@doﬁ?%éﬁrgﬁ]ﬁﬂplanEQEn B @f It 6r AbercONpoOnent  of
the signal on the netal wres may couple into the receiver, although it can

be rej &t edtraisphrenenrdugtor sBoreseiarle. thntoteheisnion 0BG, frean haye thergeand noj se
r e.dUCt ton t ﬁﬁlﬁ'@é USRSt %P%Lf Cpﬁlaﬁgglbgé&ﬁileétg)d{ ea%'ﬁ%ﬁt %Ijagndef'lfh@%}o%n?%lgh@ﬁa oupl ed

noi se, such as descri be at ent pl'ication Nos.” 12/838, 419 and
12/ 838, 422, nd)tdietpatfcerh@dn erme mgkenie@}at@ﬁblm thatrthie wehisteicedeavebotvy paigoingbe at ed by
reference in tir

pl ane may b%‘or“e P céaDr aﬁve}ﬁs Sb eSlS ?Serl a'ing?ér?ﬁﬁghﬁ% ggh%&&veeﬁ% Eagttegllrégund

const ant . Foﬁhemmrpdr ef the fovtshmd (delhmnsmﬂaich gspad plandsanegrbe usedfio athpr @igiddair wth
spacer _dots,

PR o R EL RSN TG ALSSS S G i PSR fhasen v
capaci t ance ggrfatddtgrlamal c(ryswﬂtdepldy OfCloe dr tha siuch) jena if tved irrﬁrcmy bfigChj el d i s
pushed i nt Othteg?t isa tsc? 1535511)16 to use the ggD itself as the ground plane. For example, in some
implementations, in order to avoid adding another layer (e.g., a ground layer) to the stack
of the touch sensor, the LCD itself can be used as the ground plane, which may include
25 aluminum or other metal wires over the surface of the display that can be modeled as a
ground 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 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
30 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 reduction techniques. For

instance, noise reduction techniques may be employed to reduce the effects of the coupled
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dielectric constant. Since the field may not be shielded by the dielectric
sheet, these variant inplenentations can allow the dielectric sheet to be
pl aced eiwbenieisad t he touch 10sensor, as in sone of ®Phe/use@uiod’sps ane

i npl enentations, or in front of the touch sensor, toward the user. In
sonme i npl enpatatlang gesugﬁed%‘@?s‘%'Pﬁéﬂt%%ubéﬁoh%%.912%%4?%00@783@,%2@,%{11 gured
to be on the order of about I pF in capacitance. Larger capacltances nmay
correspond fisdondilg 6.520dhaind whichlags baguincorpgraigll prafaence ibiheie entetyhe RC
product of each } I i | $LANG G Rt he row
and col um condulglfé gl?ig 1&@%@%@9%%%%%@%2%%9%1@9%%#,0?&33{lgzd ihugth t aatlat he

syst em oper aith ehighsliciatricdoostars o ipeaxedpleif thedeforreahlespeser dfyett inéoagx oi t at i on

voltage, and the excitatipaon signal. will not L he
conductor t?lég"gtg it ‘%)?So 3381%% %?tﬁréals(égﬁd%glﬁgst?ra% %‘%ﬁﬁ%"?ﬁ‘gk Qg%rh%)lr in the
measur enent diekottic s eMssamt. SInClgds variaat ieghlansntagordsBp nfeasuraexapgeitacewart h a sheet
resi stance around, 50 oh er, uare, 20t capacitance can. be. about - 1pF.
For sensor s fHa¥ (fIPﬁﬁé)Pg%éﬁ%??@g%%‘ﬁﬁfé@‘ﬁeiq 1%?@?%@?&8% lﬁfe)v,”ﬂf ﬁgﬁn fine
et ?I Wijr esdie&cﬂris\rﬁ@%tanﬁ@m?emeangcana@a%duee (Hield @iy thddisleetdip Feets tiasdbe opti nal |y
utilized. . Wien the force-dependent  capacitance,is a parallel plate
capaci t ance Y44t inwlﬁtmfélt%%%ngﬁ%@wél%ﬁwr@| S@t tobe pEaCSﬁi e‘%er ]Pfﬁ’émﬁg‘f Q8f the
capaci {@nces&ad, HGn afRE Wh@?%ﬁhdi DheGmpleRRRRGIHs 0 16t onfiRkicAsdnSort he ar ea
of the capacitor (slightly Tess than the matrix pitch squared), d is the
separation B’éﬁ%‘éﬁu%%e row and colum conductors, and epsilon is the

di el ectric materjnabms iRSERbthtions, e capitPaBs HEL&E sfstinsCaRBELINBBGRd fo Can
therefore be determned as a function of the thickness of the deformable

di el ectric haewthearder qbowdtpt in caraaitinaselacpicerspitaiiesury SSRIPONY Br  exanpl e,
whi ch corr eﬁ%ﬂ&%ﬁgn&ﬂe\; N LA RTBAELRO T HE RO prtiubt TY&h GRRI@RE undddi S can
nmean that a separation between 0.1 mmand 1 m‘R may produce the capacitance
of -1 pF. Atavageinsigbarresistencsf theuowe and calinen ecndensors.afleie RGarediciray beepend on
the pitch of t i I - and on
the relati S%Hﬁq?rggg‘g{hrtﬁaé t%gék%?rg%? ér%*ﬂlﬁg&ﬁg)?\g?oﬁ{ggﬁg?%% 2‘? 91%}1@ (\%MSCPCCh may be
very cl ose txrvitetien fodtageahmd the tivitgiacsegnadwillsiot by attehwatesl alangftigugonfustor
el ast oners. When the force- endent, ca i t s a i g

capaci t ance %8 a%%rc?&fcﬁégarﬁf {%Hg ?peag%lgyc‘far)f“ég)ffrgo l%jll,le %%%S%})?g% IFéIr éepﬁe{le may be

ot her ways tensappéedusingele, fonexanggeiitharsheet resistance around 50 ohms per square,

20 the capacitance can be about ~1pF. For sensors made from lower-resistance materials, for
example, from fine metal wires, a larger capacitance value (larger than ~1pF) can be
optimally utilized.

When the force-dependent capacitance is a parallel plate capacitance, as in the
touch sensors of FIGS. 1, 2 or 7, the value of the capacitance can be approximated by C =

25 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 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

30 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 matrix, which determines the area of the plates, and on the
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5val ues other than a sinple closed-form expression to approximte that
capaci tance val ue. The in-plane di stance between the row and col um
conduct orwocare/iderser m ne t he di stance normal to that pl o®/usgonioiTshs t he
field extends. For exanple, for a grid of fine wires spaced 2 mm apart, a
si gni fi cant JifRelleRRtrRicohddt b 8 HerB@¥abRh £, QMfichINayeQMRLI6s8 tdT8e 3N S can
mean that, as the sensor |ayers nove closer to that "ground plane, the
ground 10pl ainevithapackiedsits of bregfte fwt for Rlestempraci t ance significantly around a
di stance of 2 MWy, InG.(HECHIRRRAPLphiEndSE PR s RLRE LS hiGcAR ilier ef ore
be configured to l})%lbglﬁ thatébor%lelr aFe.gl?, %)gt \[IF\%EI% %‘%ngr?g ’C?. 2 rcrm andl 2 mj.
The touch senp®st tofd(. hdommdeplonthemynay baiother wiysttd apprdnimate thgsapasitaheet i ng

substrat es. e Suc teri .nel ud . y r (PET)
oxanp! & ¢ he T i B o R BRI Bl Rl e IRE o0
conduct or s, Thaii-platealktinoe betiyodnt thenoshadtcplumintchnduh®rsoah demarmdontie disns. | n

SOne i | ementatjons, ,the t h | d_be | am nat ed. t t
oy essur o condi bahdatag by bR IR TSRS G Exerdt P B et ver
( laIA) pr lOdU@}iacécr DAkt OfigridficanPRattion M the @eld hawy extend o ibpgroand +2yomind

ul travi ol et

W) - cure_adhesive. | n sone inpl ntatiqgns, the conductive ro
and col um Eg’éﬁ MEIIPL e ﬁ@sqi?ryﬁ’ﬁ&‘qygkﬁgﬁrﬁﬁn@@%r?‘g'g@zan&t!???@l uanlo;/her "

transpag ent peaOeirtelmeo AEdcethk @hpacitdhcs MRy eemnt adikemns of egausk: t he
resistivity of these materi an

) als may be high, In order to achiev
accept abl e fadineysof ths defopaaklg ‘i‘é‘@%t“‘é%’i’ tB"ée@Eﬁﬁeicﬁﬁfli%ﬂedttB%B@n ﬂaa ,ﬁelon t he
order of at  gagkweeh afthd 6P8nf @RAS AHnd)ON bet ween the row and col um

conductors can be selected so that the parallel plate capacitance where the

traces overlap dbisiovdscropanhemadson 4y gambeied pxiplenopteandieling at i on
frequency by,dpateasiendct HeteREiRIREYE bolPdstet ﬁ@"[lf) SRE - Fok Bx A (leGucht hi s may
correspond to a separation of around -0.1 mm for exanple. In sone

i pl enét at sawer,can hemedmfremd terothesinvidioihe et emdudiery, laninaiedto £katterd usi ng
opaque net als%eg,mtllﬁ.etk%?unﬂ'[ c%nﬁ'\?ct[(yr?.mfn%gﬁg%lgrh%&at%m, tﬁeﬁwgﬁhée&(‘c%{?ﬁpb'ecuous' I'n
t hat case, e parallel plate conponent of the capacitance may be

negl i gi bl e, laamicht¢heintgweng@shepesurspnditvepidbestd (s exhpdethedQetitsdly as

mechani cal | r i.cak e R t de from
nar row mot al'SH REASRE (R ERadRERSEANED & SEPATMERRIHS. Rt Bl RaB 0 | Lo
conduct or s ahas®leo(dy)-aacidhetihe in sonredmplrarnatias, thocondadive pov mid dounirhe

ix, F | h and. h I d h h
Copar af w POGCO PP A e i u ¢ et HH oL raBb AP oy < can

mean, for examphe,Intdad inffdémaatibng bédatiseitie fekigivitior ihxse hdieriald m@&sbecan cr oss
over each other, 3*3 = 9 tines. This can have the effect of increasjng the
Dot al - capacineardes i chisks BuerTpHE e AE 65y e Ch RS PRIt | ot d
extends out opfhetdidr bpstdussansml Thabpatahosbdredharsiongintl beluappeaPEioaL e

can be selected so that the parallel plate capacitance where the traces overlap does not

25 become too large, and limit the excitation frequency by increasing the RC product of the

lines. In practice, this may correspond to a 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

30 sheets may be placed as close together as mechanically practical. When the row and
column conductors are 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,
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5t hi ckness for the deformable dielectric). In sone inplenentations, |
the separation the sensor and the ground plane nay be around -1mm The |
separ at i omoab1tre2snow and col uimm conductors may be depeRdEniS2@n/oy1se4
geonetry of the pattern, and nmay be, on a first-order approximtion,
|
|

roughly co- wﬁilcgg?e[ a%leéo%e%fé odeRl age%ﬁéaﬁg.ih@ﬁ@ cart f&n! faw%%%%a%%% cdtged for
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bel ow t hose _parrew row con ars.is n i.Ql tion between
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smal | . 1 f | Tidgig fiebbekterflo butex drpbieh s¢zen(atdibnedarmysifietha bguopria®. 1nmm of i
separatjon hetween the row conductors and the underlying col um |
15condutt org“.wknessr}ortF%deg%rH@gf%r‘?g#eec@a't ations, the sparse row conductors can .
be patterned fromsamtplehedtiidng.the sep@titiinribe seusdl bedde gloundplanehnegyrise of | TO)

on top of a polyester _substrate .g., around -0 . 1mmin thickness). The
col ums can? én‘%ﬁ iEﬁ%se@ﬁrml‘i’%‘i’éﬁ%‘%ﬁ'&naCGTJH@“FB%I“&W& n&aé’ltl?%pe@gﬂﬁﬂ tors can ‘
be | am nat eghetg@oashofahditted 40l rayt HepBS PAFCHdePPRSInEion, 20U I @ent at i ons |

are described in _this disclosure where the nmeasurenent of capacitance is
from each r8#n¢to Iaruns ipwlcmentatiqniethe ropagondectors gped foy the E’BE‘?YFEJQFBE% to perform

‘this type of,fyasts ST ensotiRY 8e FRed hdrfow dnoligilo W @Ruhd 80 Much eabthand
receivers on respective colums and rows. In an inplenentation of this

circuit, thewelslphfrscapaniatis abthe preatbalgy Hoge RaFraNd A COMBPiOERJRNEIERat  ener gy
flows from et Eﬂﬁ&'ﬁbﬁ B&sveétnﬁhgehtﬁ@o& %W%ﬁuct&@%ﬂﬂth@uﬁc%ﬂ?ﬂﬁg%luﬁﬂn measur e

the current on t rows so that t e'ener% flows out of rows and into
t he recei verondwpr eantaenade shglhdf I hisoedy fas expmple, dkentthase maye aodt anot her as

the colums 3, 4e0REAl o LRI kYo LShdulh ahdh STEA AbicBnbhe T ows

general ly may to receivers an e co s generally may be
attached tocotiectorsansmitters. In various inplenentations, the conductors in

t he sensor may bg conf i gur in 3 r i ) [:Im zes the |
fringi ng capaci tlglnsgrél,e 1l\l/\lﬁllgrcl:lglg[?1:t<1';10rr11 S’(lj)hée S&’ﬁ‘?é?"%g‘%‘@ﬁ% c%%%g%?w{s)ﬁ?rﬂ%ﬂéﬁn to
provi de t he fitlegé.g. edowidgnadiredsaafahatametdrno il O omtop odld gdolyestaraiibsoatpécg.t ance

between the row a ? coll r;ram%% ar al ICeI epI afe ca alcri t ar}lcrg)Thein ch may
provi de a CBH%IP%I’I@ 'BF% Egl : EgW?vé IR CELRURRS T A ST REYET X4 be near |y
copl anar, sand éwiimndndectors can be laminated to each other with a transparent adhesive.
20 Implementations are described in this disclosure where the measurement of
capacitance is from each row to each column. There may be a circuit configured to
perform this type of measurement, where the circuit includes transmitters and receivers
on respective columns and rows. In an implementation of this circuit, the columns can be
excited with a transmit voltage so that energy flows from the transmitter into the columns,
25 and a receiver can measure the current on the rows so that the energy flows out of the
rows and into the receiver. While the designation of one axis as the rows and another as
the columns is generally arbitrary, in this implementation the rows generally may be
attached to receivers and the columns generally may be attached to the transmitters.
In various implementations, the conductors in the sensor may be configured in a
30 pattern that increases or maximizes the fringing capacitance, which can be interrupted by
the 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
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an area of a respective parallel plate capacitor is relatively small, the
separation distance is also relatively small, and its capacitanceval ue may
be si gni fwoant2027i45¢ pattern of el ectrodes nay al so be cenfiusariea4isns a
manner to make the line width as great as possible, for a given pitch, in
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resul ting fringi i ed h h e b some
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it mi 200 by SaR RGP Rl B b SR ACShIDAR Tuf RS MREHERRANATC o
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i npl enentation,, for exanpl.e, one pattern_may i.nvolve havi evenl y- spaced
straight |i fEECLRICS $8 ggf/ﬁge Bl fieR aggostg'ﬁg' & %O\c(qerlp@%fneﬂt&{f?ris)??gjffertgilc ht |ines
at a finger siséghd desied phatiélrglaatapasianéeds reduded oadjir@enrt by makiag dennect ed

together in groups, and interdigitated patterns to 15i ncrease erineter
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can be inplenented in digital electronic circui trt¥, or in conputer
|
|
|

software, fir maPiier Brelengniiansemnay e e aupironeyster 2t Jf 8% di sclosed in this
speci ficati ﬁﬂplérﬁ%é&t[bﬁjd for Staniptd Ui atte@eRY NI R HaSing @enlylspaiiiiRighi 19@s of one

or nore of them Enbodi nents of the subject matter described in this

speci f i cat i 8rfhesmeitch apihe mesftien madio peaigt lingsraba Spgry ity in fhegdichigl i . e.
one or more nRdulag Bceﬁpﬁﬁégkﬁ{neﬁé@ﬁggcﬂirgﬁ?io%#&ﬂ&ﬂﬁrdiﬁﬂféﬁ%@@erﬁ’sntocOrert er

storage nmedi um for execution by, or the operation of, data
processi ng ésprases pesimelr befviaett 4 giwenroprand goladiin erder, to trigeeagsy thy frimging

i nstructiong,@an be encoded on an 25artificially-generated propagated
signal, e.g., a machine-generated electrical, optical, or electromagnetic
si gnal , whi ch i sSgenefitht daicrited embodimentnbhtheratbjeohméttar and tha sparaiginpeant o

suitable regeiver a 4s, f o X £ y t (@ I ppar at us.
The. data pr SeLLarmERann AR Ak Bt BeoholRLEARRRS ARG FPPCE % he
sensor, may hlndwarepiaciidiof the ssyctresnlivdlésad inhtbisspari@ationnayl thed sirnttegt at ed wi t hin
the system and/ag?rmsensor

may be.part of ??;tqi;ec 1V T Bhedil &1 engu ters,
conponéht s SHYY O 8@P€°§§@8%9nﬁtoggnwrfrf?r? e %ﬁ@%ﬁ et ﬁec%ﬂ vers and/ or
transm tt er smatte degdtiped Bithis BgdcifRatidnnan 80 fmplédnatstpidbas oighat agepur@di um
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
25 artificially-generated propagated 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
30 receivers, transmitters, components and/or logic 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
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can be, or be included in, a conputer-readabl e storage device, a
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nul tiple onB%r,gor@Fd }Sﬁﬁ?tﬁﬁ’foicﬁsﬁ@? a@)‘?aratt‘ﬂ?eonf%%aesb%?cﬁ(& yn?ﬁémﬁﬁpca?fr‘gflﬁg can incl ude
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of pr ogs anmicorgpitermyesiere in questiandé.agcasiottpit Fedtivtes process@rismadre, apyirsges,

decl arative r : i b n.any form
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obj ect, or ettimnmami ¢ viswaltrashmefwr cusbingtivnaof coeputeragf ©awi TonamatatusA
conput er program 25 may. but. need.not.. correspond t j [ i.le
Syorem . A prouPaRa T Yorgith B S i p e ARR el hednddel Biradidiukés her
prograns or sktad wek sgvicespdistribttedrosepisiap apd gridsdontpatng infrastietuiesp | anguage

docunent), in a ging)le file dedicated to thengro ramiR questli on, or in
nul ti pP% coor di n4t8 PPﬁe'i%ngf(“é‘.(%?? AW APk (SBIPRArg FRIN e AR B ul es,
sub- pr ogr angerigdor REdc) oItk vaitted Gl &y. fon 60MPEh@MiNRIOGuaE handig caapilayed to

be executed on one nmput er 3Qor ,on nultjple conputers that, are | ocated at
one site or OH}néqurFtﬁgfa@E“a&% Sgtgarﬁmetoir B‘foée‘g‘fatl 8YASHS AOft 1EF ﬁ@@f’%@ By a

communi cat i @Ry REhWaEKdin asastanﬁt@orﬂg)@@geﬁﬁeﬁas@nﬂodu%gb@nﬁdnaw,ssue@aﬁﬁd, bed in
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nt.

executing o QBieefr orRbles upih ﬁab@plé ,forpﬁs%glrwppgng environment. A Computer program

25 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 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

30 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 or more programmable processors executing one or more computer programs to
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perform actions by operating on input data and generating output. The
processes and logic flows can al so be perfornmed by, and apparatus can al so
be i npl ereotett/|s354speci al purpose logic circuitry, e.gPCTAS2HRPGASE4i1 el d
programuabl e gate array) or an ASIC (application-specific integrated
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t 0 nangy j ustyid ifs@WttidRe¥ATES of HioteaRdBorl AEvisds B6ri sb@ing M¥RUStRAS PdQPaam
instructions and data incl ude al | forn; of non-vol tlle nmeno ﬁ%ﬁ'&?mdla and
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e.g., EPROV,EER Iaggﬁﬂto P doth] S Br ABADRNAs ABAGY H&RRs fIMBBNRE dfa, AigS hfagn@icd.
internal hard di sks or renovabl e di sks; nmagnet o-optical di ‘sks; and CD- ROM

and DVD- ROMTgEssiesoptimbdigsovestien diskd Havevarerepnypuscnessnos baysiseshent ed by, or

i ncor por at eqe\h&s RREGVEL, al%lﬁ;ﬂﬁ’ér%aﬁ B9L b RULGH bhdidler dI\chOE%Vh%bﬁ@r
interaction wth a user, enbodinents of the subject matter described in

this specif tdephpresna c@rﬁorbbdlgmi esirtant @D ona mobitraydioar viday Plareraa ginkep| ay
device, 25e.g, bleg? gﬁgrtgﬁggt?ﬁgg d&vié (¢. gb 8 ni9&rsdt Siaf b dqusg) ﬁ%s)ﬂ%h%) dis pI ay)

monitor, for ng | nformation he "User ‘an eyboard
poi nting devimejuse fgw, Deviveusdatde fmstprlwg:mmuter ptograwhinsthictires aluééata can

provi de input.to e GQRput er her n ' (o]
provi de for 1r}c}.'u[d8|ag? 3R ntY?Iatll Ser s Iln 8? ?gg?gg&g%gﬁ%ﬁ%’g&@@g%%zgﬁ} provi ded
to the user ofananipk my:oﬁmxcmrMerr&e;nm[cﬁs feged[«IPRﬂM BEPROM,\ing flash theeapack,

audi t f eedback d f t.h b
ocei el | s rees it ead BT AR oRei R e RS lRE CTh °°
addi tion, adReRbd ED-KAN dnt DATAROMisKs. afhﬂ@ﬁfcedsyrﬁélﬂiﬂnﬂ@n(ﬂpcmts to and

receiving d ggp%rlreerrll’]e%‘?édfbg/,o orpn?co(rjp%\r/e{tgdemt s?)gélal purp%ge 19) gll(::) %Héurl]t?y user; for
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,
25 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 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
30 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 device that is used by the user; for
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exanpl e, by sending web pages to a web browser on a user's client device in
response to requests received fromthe web browser. Wiile this
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20 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 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

25 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 particular order shown, or sequential order, to achieve desirable
results. In certain implementations, multitasking and parallel processing may be useful.
What is claimed is:

30
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51. A capacitive touch sensor conpri sing: a first array of conductors
arranged in rows, wherein the conductors in the first array are arranged
subst ant iabDI2g12/m435ar al | el with one anot her; a secead/seeiap4Tsid
conductors arranged in columms, wherein colums of conductors in the second
array are arranged substantially in parallel with one 10another, wherein
the conductors in the second array aggAisgated underneath the first array
of conductors, and wherein colums of conductors in the second array are
arranged in a direction that is substantially perpendicular to a direction
of rows of Ydmdugclkumedns:the first array; a sheet
conprising a deformable dielectric material, wherein the sheet is 15| ocated
under neat h t he skecond\ eapr@atveabushoadoctamsisingnd a ground pl ane | ocat ed
underneath the sheet, erein the first and d. anr .
configured to producd ag%\é\ﬁcroﬁguc e\ C{lﬁr%‘ivségvth ?ri%}%q ?%q%guﬁ%%{r%énzthghat
extend in a fir sfirstdiragatel apianded satischatiallyLis @aralid] withens emslexr; and in a second
direction towards the grouynd pl ane 0 2. The sensor of claim1,
wher ei n: a wi dtaﬁg‘if’fngf‘ﬁ@p @gﬂ%@%’&@raﬂ‘%@s‘ﬁf%lamﬁ%r‘@g@macogqnﬂ’ﬁlo row in
the first array dofddcssintthagcenddingl anceraicdsapanailiydn phelsveen ohespect i ve
conduct ors neasured between adj acent edges of two ald' acent ro of the
first #ray, andnoBsn WhaieH BT CQRBCIEs e SEPY e 2L '8 teéi(}WS?’alea\él{f@anl e
colum in the segoNgradbl @hdhdok 88 whbdh RS babk—udbrs SEakabhdirdget ween
respective conductors neasured between adjacent edges of two, adjacent

col umms in the suewirnged madiregionthal iswhadyitiaby pespeadisnler ogiteeiar A H¥Syr ound

pl ane i s positiofed,fliokERsie #:& a%gg’arti ally termnate sone of the electric

field Iines extending In the second direction. 4. The sensor of claim

1, wherein the sensor sheet eemrisingracdsiarpable distoptrigmatasiab Mhgistn thhsheet it he
el ectr l|5C field ll'o&‘?esd Jrfdernbin fnk "séctonﬁlgﬂ’regp&ficgﬁﬁuctors; and

a ground plane 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 in a second direction towards the ground plane.

20
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 adjacent edges of two adjacent rows of the first array, and

25 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.

3. The sensor of claim 1, wherein the ground plane is positioned at least to

30 partially terminate some of the electric field lines extending in the second direction.

4, The sensor of claim 1, wherein the sensor is configured to detect an

interruption in the electric field lines in the first direction.
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WO 2012/ 024254PCT/ US2011/ 047844 5. The sensor of claim4, wherein the sensor
is configured to detect the interruption of the electric field lines

resul ti ngwbrorvemsebj ect that is placed within a proxi mPCy/uskottiiog7ssensor
within the electric field lines of the first direction. 56. The sensor of

claim5, wherei nS t he 19Rk&kbr &Qﬁﬂﬁ 4 SHRerén h}é@a{},opﬁgé{n’f@@feﬁ tQfet@ttger of the
sensor. . The sensor claim6, wherein the object conprises a

finger of ttméeltu@@@n offthg ﬂ%ctrsﬂeﬁﬁé@)tmesl@ultmg fromgan opjeet thedisppced vitkingg m 6,
wherei n t he %thﬂﬁ&rof?}%rﬁ@ﬁ&o?%ﬁhlhrtl?e'ﬁé&rtctt?e{lﬁlé@e@Qf{h@?if—'s‘tMr?écﬁonWhere' n the sensor

is confi gur% ansmt, wt transmtters, signals at |east
at two different frequencies on the first or second array of conductors;

15recei /€ with the M%& eéns Irsfcla'i hg egé]g h% o% ect! o Else%ta Qﬁn{) th ffer ent
TRETF Y nd " a

frequenm es on the other o ray o con tors
estinmate a sagpaofthasaeorval ue at each of the two different frequencies using
the received signals; determne that the object is the human body part of
the user if the estimted 20capacitance values at the two frequencies
differ by a factor ofThtwenserofiiire 6, widein the objediedoaipiikaie finpatoftiivaisahjfect is
not an obj eﬁ1 capabl e of generating a true capacitive touch signal and that
an act uati oh°df**the sensor is due to measured force if the estimated

capaci §ance values at the two frequencies do not differ by the factor of
two or nore. 259 The sensor of c¢laim1, wherein:

The sensor of claim 6, wheréin 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;
15 receive, with the 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 human body part of the user if the estimated
20 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 true capacitive
touch signal and that 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.

25 9. The sensor of claim 1, wherein:
the sensor is configured to receive an external force from touching or depressing
the sensor,
the sensor is configured to compress at least the conductors in the first and second
arrays toward the ground plane upon receiving the external force, and
30 the sensor is configured to decrease a capacitance of the sensor when the external

force is applied to the sensot.
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the sensor is configured to receive an external force fromtouching or

depressing the sensor, the sensor is configured to conpress at | east
t he condwoanr/izmesthe first and second arrays toward thecCgrseed/opisane upon
receiving the external force, and 30the sensor is configured to decrease a

capaci tance of tfye SisnsWERItNY, &R Hﬁlseﬁs&r%ﬂr@es@Qdecﬁ%cEO t he sensor.
WO 2012/ 024254PCT/ US2011/ 047844 10. The sensor of claim 9, wherein the

sensor conpehagsteristicuhsaes teaeloé H@P}%}F@ééﬁéﬂcltﬁﬁcp deiprapsancpofosirally Bem s ur ed
CapaC'tance?Pgﬁéfﬁgﬁgm?Qﬂﬁh%ﬁén y Mﬁﬁ%&ﬂ&%@?@h&ﬂh@&%&ﬁ&n&&mBh@ced Wi thin

proximty o or to | ect touches and depresses the
sensor. 5 depressebthe sEhgor.sensor of claim 10, wherein the ground pl ane
conprises a sheet of indiumtin oxide (I TO or a transparent conductor.
12. The sensor of claim1l, wherein the ground plane conprises wires or
metal 10f orned oHh.a IThquérdomfyhairallo gilepiathe gtoGm) plane comprisd.a sie¢ o ensor  of
claim1, V\/nerdel ntthe s(zgé . .t né:open nﬁﬁfé such that either one of the
ground pl an&“Gm én%’g%e )s(ha A MRt e A i s fornmed underneath the sheet
conprising the deformable dielectric material, wherein the second sheet of
material has a 1 d| eI ctrlcogopstﬁmt that is higher than t

|C aimm

def ormabl e di el e Fratrert WherTﬂ%he'ﬁﬁcémlgg BOFOYFISE ‘ﬁ]ir?ﬁoime%er ei n

t he sepsor foims@Magqiﬁ@dyﬁaﬂCdﬁspﬂdqucep,t her the ground plane is fornmed
underneath the sheet conprising the deformable dielectric material or a

second sheet of material is fornmed above the sheet conprising the

20def or mabl e di elsect riipg sembedficRim 1)WIRS:€h MhelsBiosi coiTEuredeadh tBit cimdrer i al
conprises a dielectric constant that is hi gher than the sEeet of the
def or mabl e efecdfdla groyndplang of gpecond sheet of material is formed underneath the sheet

comprising the deformable dielectric material, wherein the second sheet of material has a

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

14.  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

20 deformable dielectric material, wherein the second sheet of material comprises a

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

15.  The sensor of claim 1, wherein the sensor comprises indium tin oxide
(ITO) on a polyester sheet (PET).
25
16.  The sensor of claim 1, wherein the sensor comprises opaque metal traces

on a polyester sheet (PET) or a plastic substance.
17.  The sensor of claim 1, wherein the conductors comprise a transparent

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

first and second array of conductors.
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15. The sensor of claim 1, wherein the sensor conprises indiumtin oxide

(I'TO on a polyester sheet (PET). 25 16. The sensor of claiml,
wher ei n tWe 28eRarS4conpri ses opaque netal traces on a pecyastean/ogtseet ( PET)
or a plastic substance. 17. The sensor of claiml, wherein the

conductors conprigse aubkaRsRAtanh 130ARAMEE rHR MBLEILMAL cAigrRPERfohd a
pattern to produce a fringing electric field between the first and second

array of coffinedt pattstns algonanieneqing Jesaimgy o{8e gandugarpdm the first and segondrhe sensor
of claim 17, wherein the rows and col unms conpri se di anond-shaped patterns
at non-intersecting |ocations of the conductors in the first and second.

19. The sensor of9. cl dihmsdnsongfetagn h, wheseis dhegaedugioss inthetsheond egandiear ray are

5posi ti,oned _he ' r . : f.ormabl e
dielecffic,pgﬁ%maﬁgﬁggﬁiﬁiéﬁgg%%Pﬁéﬁﬁgagggﬁ%@%??@”ﬁ@ﬂﬁ%gg?ﬁﬁﬁg% bet ween t he
conduct or s whertinehesdtamdbladiedeetrarisipdsitionept twmebnpheagvaductors in th@@contl capaci ti ve
touch sensor comprising:, 10a first array of conductors arranged in rows,
wherein rowg”%ﬁgﬁéﬁﬂﬁgggpszh the first array are arranged substantially in
parallel with one another, wherein a width of the conductors neasured

across a single rowipn the.figs array is.less than a distance of
separation bet r 65 PR INALORTENEE Y Y 8sur ed bet ween adj acent edges of
two adjiacent rows of atfli& afray 6 contilicdyts arkdngeSRGONY whkicaytoR s o CRMLEIOMS

arranged in colums, wherein col s of .conductors in the second array are
arr anged substaﬂ??gﬁf?“PH“%%F@SW@SBﬁPFﬁ“%H@mﬁﬁ%¥%%ﬂ?mvm% @}WEWWEaconductors
in the second argmih e doRGRi@SmeNdRUREE, difde GONEHUEIRESrhPNistee tHah St

array, wherein colums of conductors in the second array are arranged in a

. ) ! y
direction that i&digameeiolprPREHpYbeoNeeHAPIPEIYP SPndUeO% RFRPUEEd BeS¥EeB 1 ows

adjacent edges of two adjacent rows of the first array;

15 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
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

20 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 conductors measured between adjacent edges of two adjacent
columns in the second array;

a sheet comprising a deformable dielectric material, wherein the sheet is

25 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 conductors 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

30 substantially perpendicular to a direction of the columns of conductors in the
second array, and wherein a width of the conductors measured across a single row

of the third array is greater than a distance of separation between respective
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20 of conductors in the first array, and wherein a width of the conductors
measured across a single colum in the second array is greater than a

di st ance w0 20e2p884i on bet ween respective conductors nmeaslnsdolaysiseen

adj acent edges of two adjacent colums in the second array;

a sheet conpri S'&ﬂd&t&?ﬁl@ﬁsﬂﬁglb@tﬁkﬁéﬁ&%ﬁﬂeﬁgéﬁ%%d ?djaceﬂm%ﬂnrfhétlﬂﬁdsr‘ea I's
25l ocat ed underneath the second array of conductors; and third
array of conducta¥as. arranged in rows, wherein rows of conductors in the
third array are arranged substantially in parallel with one another,
wherein the conductors in the third array are | ocated underneath the sheet,
wherein the rows210f din dersoronfslaim 20 lvéhetdiicr d array are arranged in a

di rection that 305ubst tial I I the

CO| UITT]Ss Of COﬂdU soerngorlco ?ﬂsesgfc%%encf%glpspghgo? V\i}l?@ C%Pgltf\%(%dc?ggen%;)

conduct or s neasuhetuaapassveaoshrsglser ascmvprrsés thenthinitorel ofthe &yst arsl @ccmdt er t han
a di stance of separatl on between respective conductors measured between
adj acent ed@reasv of two adjacent rows in the third array. 21. The
sensor of cl ai mBOforshengiive seﬁstoheorﬁ}ﬁ'i’sss]he canapetos estha séoond endsRinGaddyye sensor
and a true (F:‘réjogmtlve t ouch sensor, the true capacitive touch sensor

conpri ses t A& BeFHEECCHIPESEE thealopmbls diglseric MatHY: ar r ay s, t he

force- gensitive HERSQSscBOHIRY JebRS istchefi GRIIES BisSmedsufehentsgedind and third
arrays and the sheet conprising the deformable dielectric nmateri 10t he

| J
f or ce- sensi faPpela8eHSbR p?rgllf‘éa}?fq GOREEPF SPIVECR IFEECHREAS the rensictgss OZ thej r st
capaci t ancegd.Qfd sdRRiFPdrlSL aR§ at e capaci tance between intersections of the
conductors of the second and third arrays, and the true capacitive
touch sensor is BOHI¢ GRREEvaYChacaseris senfiaud fpreispandgneagiraBebAtR capaci t ance

related to gched & A@lgnc%lrgl%ﬁ kfa frin ging ef%@&l@’%@ﬂ tefieeh theSrst %ﬁkﬁse@@tﬁf’a’?ﬁ arrays

150f conductors. he sensor claim 2 wher ei n: he sensor i's
confi g ed pf)coajémcéqrﬁ i f an object is withi n proxi mty of touchl ng the
sensor by the fringing electric field,

22. The sensor of claim 20, wherein:

the sensor is configured to detect if an object is within proximity of touching the
sensor by the fringing electric field,

20 the sensor is further configured to detect if an object touches or applies a force to

the sensor,

the sensor is configured to decrease a level of the second capacitance as the object
moves closer to touching the sensor, and

the sensor is configured to increase a level of the first capacitance as the object

25 touches and applies the force to the sensor.

23.  The sensor of claim 20, wherein the sensor comprises indium tin oxide

(ITO) on a polyester sheet (PET).

30 24,  The sensor of claim 20, wherein the sensor comprises opaque metal traces

on a polyester sheet (PET) or a plastic substance.
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20t he sensor is further configured to detect if an object touches or
applies a force to the sensor, the sensor is configured to decrease a
| evel of wbeop#reesd capacitance as the object noves cl opem/useotiowmshi ng t he
sensor, and the sensor is configured to increase a | evel of the
first capaci tan% as 10 e Flaig 26, %%?th@@gn(ﬁ%}s c@ﬁpltlf?éed tfa%p%?en% o the
sensor. . 'The sensor of claim20, wherein the sensor conprises
indiumtin gondd@twé InP@y iabarraaggson pesttesn tostvedsice p BERjng %Hw.ﬁpﬁbb%‘é%ébe of claim
20, wherein paque netal traces on a pol yester sheet
(PET) or a stpsldussggoz’gﬁg aﬁﬂg@h&&\%? 2012/ 024254PCT/ US2011/ 047844 25,
The sensor of claim 20, V\/nerel n the conductors conprise a transparent
conductive nmaterjal ran at t G I ect ric
field between thie()a fi raI; rg of ecgl(l)r% 38 whe? hF%orpcfugtgg i th% sggohﬁ'gﬂr%g

sensor of cbmtmnad)betwdmrtm ﬁrst ehmyccxﬁ mo:lﬂud:tons and the tdbl@rrﬁaé:dmchdecam ayd ar e
positioned bet of.co ctor he. def or

diel ectric, ﬁ&l“&ﬂ%‘ﬁ E?rﬁla[’]ﬁghe(]fé rifr %ft@nﬁcﬂéﬁ?‘&e@rﬁeccoingucﬁ)o&F’S’ 07?8%]1 et ween t he
conduct ors hifaytdng tigahiedstrardfayndatdrst he third array of conductors. | 27.
A nmet hod for conducting neasurenents in a capacitive touch sensor, the
sensor conprising a first array of conductors arranged in rows, a second

array of conductprs a maihge tbricBndublintcasirBRatnt@ing @p&b&tv@%dcﬁkényor the
perpendicular to the rows of conductors in the first arra aj | east one

transmitt er SEsRIEPBAiBe ¢ Hest @W&E@@Wgtowafrﬁv%dah@ww FRE faFrF“éP or second

array of CO@QHG&@JS%H&?Q@Q ifdollr@RShat Qﬁ%uﬁ%ﬁhwﬁﬁerﬁéﬁuf@ﬁlﬁﬂo&& ibigoconduct ors
wi thin the other of first or second array of conductors, the nethod

conpri si ng: chdu%m@mth@ iﬁmﬁ arrgy, pHleashenctanpraiser CO&PJéd forthnegrrpes Wikingal s at
| east at tWth‘ﬂ% Hs@&ega&o ﬁqysﬁ%@&ﬁ@%a &q%{@ﬁe%@ae@éo@ﬂem&thy el d between

at | east one of the conductors in the first array and | east one of the
conduct ors Fendu¢terssddimidie atheraof thofiretrasiseeonharrdyiof sendapidrssibe oxthodr r ays are
confi gured E&n ?%klce a fringing electric field that extends in a direction
towards a user he sensor and to enabl e detection of an interruption of
the electric fi eﬂradlsmﬁth% mimithagptietasimnatrar(sbjim,tsignhlatdt lesst plitwo diffeint hi n a

'ﬂ]gXIs Imgf_]gl g r\e;\%l%eﬁmgs[ tplilt 85 ?rat{a ﬁn elfactrlc ﬁel%{#a[c]t%fee at;ltglst 0@1@ o?‘EhG cgrﬁlﬁstogqg’ t ’ ecel ver,

eren requenci t matlng a
capaci t ance fisahisy aatl aclaadn ond ofttieecohivetars inrthe &cmdfa&my,ewiterdirt &qdﬁmﬂamcés usi ng
the recei Vegecgrilcpepr?élyg -hre 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
10 resulting from an object that is placed within a proximity of the sensor;
receiving, with the at least one receiver, the signals with at least the two different
frequencies;
estimating a capacitance value at each of the two or more different frequencies
using the received signals;
15 determining if the estimated capacitance value at each of the a two or more
frequencies differs by a factor of about two or more;
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

20 signal and whether an actuation of the sensor.is due to measured force based on results of
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15determning if the estimted capacitance value at each of the a two or
nore frequencies differs by a factor of about two or nore; conputing a

di ff erenc®Ooan1yv@iise bet ween the estimated capacitance vaCwasoicomsasi ng t he
difference or ratio against a threshold; and determ ning whet her the object

I s capabl e ?fce B5pSiseh bfde Biffefede GARALINAR flcQiGHatePSipdlBhc ARt MAghdIEr an

actuation of the sensor Is due_to neasured force based on results of the
conpari son bfo erheorgiitqusnepwitivthe thaesheldbet ween t he esti mat ed capacitance
values at the two or nore frequencies with the threshol d. 28. The
met hod of claim 27, wherein the nethod conprises determ ning that the

obj ect is a humagy body,eRitod ¥ c@inkSE whfeirt e mbAYE BordG A8 etdrinidikpen@St | mat ed
capaci tance val ues at the two frequencies differ g%hthe factor of about two

or nore.  the obiegtis Themarehadgdas bl Thsar of thetoudhisnser i tharstimasdpenepitipcpart is a
finger. valuitQt th 8o ﬁ:gr#gég%esg%%fgrl 't ﬁ?tor IOBE& o _the conductors in

the first array are arr stantitally in para?ﬁ%?mMAth one anot her
the conductors in the second array are arranged substantially in parall el
wi th one anot her, the conductors in the second array are | ocated
underneath the conductors in the first array, a wdth of the

conductors measujed aGkAfehod of LA 88, WAdeimthé REndn B0y p@t s@Mingsr. | ess than a
di stance of separation between respective conductors measured between

adj acent edges of two adjacent rows of the first array, and a wdth
of the conductors nmeasured across a single colum in the second array is

| ess than a distance of s ration, between respective conductors neasured
bet ween adjacentﬁgdg egﬁﬁﬁaéﬁﬁ%fﬁggﬁﬁmgﬁTunns in the second array.

31. The net hod ofhe GbiiudfB30n the Migst SRMEAE airaigbdibstamtily irSpanglel with one a sheet
conprising a deformable dielectric material, wherein the sheet is |ocated
under neat h ##¥%econd array of conductors: and

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

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.

31.  The method of claim 30, the sensor further comprising:
a sheet comprising a deformable dielectric material, wherein the sheet is located
underneath the second array of conductors; and

a ground plane located underneath the sheet.

32.  The method of claim 27, wherein the two different frequencies differ by a

ratio of approximately four to one.
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a ground pl ane | ocated underneath the sheet. 32. The nethod of claim
27, wherein the two different frequencies differ by a ratio of

appr oxi mewel2g1fmus4st o one. WO 2012/ 024254PCT/ US2011/ 04P8AAIS2011/0478483. The
met hod of claim 27, wherein the sensor conprises a true capacitive touch

Sensor. 3%, Thee %Ttﬂz)g%f Bhinth AWRerefy thé"@ﬁﬁ&'c@mﬁrlses 5 16 SHAGRYe conpri ses

a force-sensitive sensor a_true capacitive touch sensor, the true
capaci ti ve toudc$enggnsor conpri ses conductors in the first and second
arrays, and the force-sensitive sensor conprises the conductors in

the second arrayy, coqqilg%eg{ogohc@laﬁlgﬁwhgleg{ray and a sheet conprising a
deformabl e dielectric material. . The nethod of claim 34, wherein:

the conductors ithe Sdﬂeorfcpmmlseaﬂ |f%’€96 %ﬂﬂ@tlw Wﬁﬁ@ ea spseapsritivgltoughisensprar al | el
Wi th one anothery. e capaé}tl?'gl A Eﬁsort &)?n QOALARIFs MBRASHLEHI3GLASS @ single

row in the first array an a stance of separation between
respective aoaydLantior s measured betvveen adj acent edges of two adjacent rows

of the first ar &Y forc ?m steﬁso?g(%ilpr S {tﬁ E&ldbagrs%?@gggoﬁt{ %]?%t are arr anged

substantially in parafﬁe one ‘ano con ors in the
second ar r ayordn@ois cathérd acrayerdreesatdt comprigigrudedtronble dfelectiie miatergd. arr ay,

a wdth of the conductors neasured across a single colum in the second
array is greater than a distance of separation between respective
conductors in thss. colThemstivdas ngdliyeteren adj acent edges of two adjacent

colums second array; the.sheet is |ocated th the conductors of the
second array; thé&® %ﬁaf}@lsé’? e ngt fiE etrﬁf‘rrr%“gﬁcr?“g rg}agy S5 lﬁg%f{a? % ows,

the conduct gigthdr,n the third array are arranged subst antially in parallel

wi th one anot her,

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
ahother,

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

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.
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the conductors in the third array are | ocated underneath the sheet,

the conductors in the third array are arranged in a direction that is

subst ant ivabI2g12pes3endi cul ar to a direction of conduct or #Cirrustéie/ogmssond
array, and a wdth of the conductors neasured across a single rowin
the third array 4¢ gngatRmoiReN.g 5 sheRge of separation between respective
conduct ors neasur ed between adj acent edges of two adjacent rows in the
third array. WoheoddifforentsveRaTcigSeanrise 4 figd drequency angd@, seopid figgdcheld of clai m
27, wherein; the two different frequencies conprise a first frequency and a
second frequency, and the first frequency is higher than the second
frequency, and the first frbmenetihbighdrarantier secondragsasy.ragdei vi ng signals for the
second frequency,at the.al |east. one receiver A hat has i rrent
than the oignal a1 Bslibd Bt LR UEH AR «P0R RQLAH IR0y of
claim 27, whastehdrebdieersieinbora ldghep cursasthamthe vigndls receixddder the ity on a

pol yester sheet gPET). 38. The nethod of claim 27, wherein the
sensor conpt'f¥E8%paque netal traces on a pol yester sheet (PET) or a
pl asti c substance. 39. The nethod of claim 27, wherein the conductors

conprise a transparent condyctiyve terial arranged in a pattern to produce
a fringing el ecttic fi P&Hﬁgp&géﬁ1 @%Pﬁwgbegﬁﬁx QpRgS WA oxide 40.
The net hod gtoybﬁhpbgawﬂ@m@f@ﬁnythe rows and col unms conpri se

di anond- shaped patterns at non-intersecting |ocations of the conductors of
the first and se3CSC.md T%Ié En%&%d of claim 27, wherein the sensor comprises opaque metal traces

on a polyester sheet (PET) or a plastic substance.

39.  The method of claim 27, wherein the conductors comprise a transparent
conductive material arranged in a pattern to produce a fringing electric field between the

first and second arrays.

40.  The method of claim 39, wherein the rows and columns comprise
diamond-shaped patterns at non-intersecting locations of the conductors of the first and

second arrays.
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