MULTI PO NT TOUCHSCREEN BACKGROUND COF THE | NVENTI ON 1.
Field of the Invention The present invention rel ates

w@emsnaisby to an el ectroni c device having a toRCHUS2005/014364
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screen. More particularly, the present invention
relates to a touch screen capable of sensing nmultiple
points at the sane MURTIPOQINBCEQUGHSGREHN t he Rel at ed
Art There exist today many styles of input devices for
perform ng operations in a conmputer system The

oper ati ons gener BAQKGRUOENDADE THE TNWENTEONUr Sor
and/ or maki ng selections on a display screen. By way
of exanple, the input devices may include buttons or

k . 1H Il's, touch pads, joy sticks, touch
S?Z@ﬁ@é\lﬁ e?ﬁéecq%%% Touch scr eens, in particular,

ar e becTiu frgsennimvesionnglayespepethy i dédici I[avmg a touch
ease and versatlllt of operation as well as to th

déerqem Mprpppitieu Loy R DRSEPRERESSOT B9PIES I ioupl Sergeapable of
eﬁ{iﬁ%ﬁml@@ off YR ik Giiehe LY Simply touching the
screen via a finger or stylus h general, the
tcmcl)esmpdamn aof ¢hoBelatakAtrthe t ouch and p05| tion of the
t ouch t he .di spl ay screen nd t ute stem
i nter p?@feée PHet tP@%ﬁa%ﬁylFﬁe Vlcﬁé ﬁ’gaoé’tefaélﬂns na
baggthued st&temt ‘PH@B‘pe@é’t?d?l"s geH&Hch&%sﬁ@ﬁlﬁtotrﬁ&hﬁgb|cMrsor and/or
i nclude a"touch panel, a controller and a software
drslgng sdbationsogla dm&eed scresnaBy wagof paamlblemht: et feieds may

sen e, surf The tguc osj.t.i one
F BRI P iios BE, mics sedttals MR nadd PSRtk g {dfceps and the
SUicACRUER ¥&E&nst Rpayii@ivabhe b@é&ﬁm@fmdr%lriﬁlﬁpd)@ﬂar because of their
screen. The touch panel registers touch events and

s enasandhesseatidityypopsrationtas avedlontte ieitedecliring peisnt Tonqbescreens
pr S . .

a(fl%gvt % ﬁsseg %s] ﬁﬁlﬁe §é}_%‘?%h§ V\%Pzg ??rgéﬂ%{ &i@f %@%ﬁgﬁg It]hée display
t C&éﬁd&n&f‘i@zﬁl figgdrivh Gtyh b lcefiersly thettSuchIdaied rédognizey tieabuch and
types. of touch screen technologles i ncl udi ng
r exgisyioned the-tepele pr theelisplai sorgednd dh qompaitersyeis igterprets the

f . Each
o SE B AR bf: oD 88lon tebod b FRAD vl o et

ar e t akBsuchnteeaciypically mhmmetsilcgrpamgl arcontmasitergnd ngft@are

to ch screen.. In reS|st|ve t.echnol o t he
brer; the pach aagl i Qe%rmaﬁeh%@a mt% SPISAY S&Bﬁgﬁ/ "Ihe touch
. g{;ﬁggﬁrs 'p%ﬁtl@ﬁ‘éﬁ &R b ¥ le{)%{/‘%&reem&a{ 118 tRRA’kndiBve surface

hed, the |l ayers cone Into contact thereby closing
a @wetsche Vilea/tablee\geasctfethesdnsnley pusétt. i Bire tofich panet mgmhers touch events

event . s info on is.sent to t contr ol .
PPl B eCarigo s lEr tho son b iR B Gr-as ter sichals and

t oupls PRR8ta th %&&ﬂ;ﬁﬁervyly&ema MBYeRbftRare d¥fer BhMASs the touch

el ectrical charge. Wien the panel is touched, a snal

anpents intb cohmutps eventgirawn to the point of contact.
Greul t"fhelrg %re seegerg tygeasco touchns%{ee?lfte:ctllnc“:)lloglers1 %llcludmg resistive,

capacitive, infrared, surface acoustic wave, electromagnetic, near field imaging, etc.
Each of these devices has advantages and disadvantages that are taken into account
when designing or configuring a touch screen. In resistive technologies, the touch
panel is coated with a thin metallic electrically conductive and resistive layer. When
the panel is touched, the layers come into contact thereby closing a switch that
registers the position of the touch event. This information is sent to the controller for
further processing. In capacitive technologies, the touch panel is coated with a

1



nmeasure the charge and send the information to the
controller for processing. In surface acoustic wave

wao e@mbnof3eyi es, ultrasoni c waves are sent hori zpCt/Eb1095/014364
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and vertically over the touch screen panel as for
exanpl e by transducers. \Wen the panel is touched, the
ac@@?(lﬁbthéh‘é@rgy elsttrichkchaeare SV heretha pees! heiwucigdng smell amount of
gl%tré 18 %f{ﬁé o t%r 2 mn% hF c ta%@sﬁﬁ&?ﬁs gaq% &ttea%ﬁ] c(?m&l"(?frlﬂg panel
e'cont or

pr fees8d thg .chhrgeiand Eél’fdetﬁe irffeimioadd €, cohirghér (HERITEeRING.

sent horizontally and vertically over the touch panel

as for Bxaiisreagipsic gaYe Erinalosies. dlitaesc waenhare sent horizontally
pa f t

Fr %ﬁ téﬁgca]tn%h“v@%e t?L?CﬁH%CRB n%glgsl ag ?cg' eﬁnﬁgfrgfoﬁ?&g@ﬁie%g When the
depaet mr‘tSudhed ahe dccaxstmsmrgy ofiht Rveavks g’ﬁtabﬁﬂ‘béd [ Srglsors located

di odes detect this ch%‘rgge and send this jnformation to

t heFTeSHE D FedFansdiicepy ditesd dinghangs angseag| thsinferagion ko the
al J:on‘ﬁfolltepﬁ)? rdREMP | RGhESrell %echﬂéﬂ) 1te§‘ Q%?hf"f)&n‘i’sne{ré( sent hFoJllrlzontally

capabl eporting a sing when mul
objlreb\tfstlalle gveanthedownh rtanel %efmsamglpémbsf hglg . eniitiog dm}ies When the

] By S o S e B B o
t es;ﬂa RALREHES. L?ght aveEB880 Qe Pddros3 oM %@ﬂg@@ ShMting diodes detect

occurri ng t ouch p0| nts are determ ned an a Si ng e
pothir chahgeind whd his orfemiriion th dtevesahrollé¢rdor puocessingi nt s

d
tchnol Bar ettt F LTSN ST B R st uevpmgpty capable of

P Ofelpbitidg acﬁngWFélhDE\%ntmrinﬂﬁpI&cﬁ)J dchadre bRickd o teh@nsing surface.
sanme horjzontal or vertical lines due to maskin In

ei Thatris, dheydaclk giabiity tostupakenlfipleqroms af @wtacr taneously. In
e T B L D S P

ot foach psintsseeel déterr@lﬁ&e fiad a&mh@l@@bnﬁﬂ&ﬁﬁlﬁfallE@cﬁm@\Xl@df@ bétween the
as shown in Figs. 1A and IB, holding a tablet 2 causes

¢ eI DRHBISIS FpOBer Inawrfaﬁ%vvéa@@ldomfr@wé t?‘é‘éﬂél?géeén% iy inpgssible to
S u51fsﬁe(f§ th%u&%cttﬁg foﬁ%?%lﬁﬁélg ke goﬁ’ﬁs $e h %ne llxcﬁ’lzontal or

tec nol ogy €es aver agl ng,
usedttitpl linesdwst oveasking. da pahertdasee fpdtyebslts tahegbnaraﬂ;ech g I e
poi nt t Eet faIIs somewher en the tpnﬁ gl
Pt 1 hohfFsHPHIFES B R rO BogRis e eyhts W Fig one hand is

WORHed 1 BoIGROTabRE and the AR hded i GenetdPe tdukh te{?&lts For example, as

technol ogy uses projection scanning, the technique
us@‘d)“blylanmgSr éAr%ld léhd:iOEAW pahlet 8 causes it thambl 3tto overlap the edge

di t t f th nd
0 B8 R R SRR snEhe 3 fBg AR S sk R Kign A, if the
t hﬂd)ﬂ’@ﬂ #chid16gy @k 8lerdgifanhe EEcMmﬁﬁ@ Qée\d%ytl@ﬁsiﬂ%t 0% a01t1ve

shown in gray. In essence, the thunb masks out t
v epanelsathep esingleprist thetfalls sﬂmswheir@g@twe&l thonivinRly 3@ thlEHEft hand

Ry

ouchpanel SRaving - a i

lTEKﬂlIe wehacloky gsdsgiojettictiedcamtingthé iephieiqiOuRA Y ifra fwaind SAW
touches, that occur at the sane tinme and at distin
| oRaelsetids hayd fmdispirn e @pct Yeatiqabpesition of the index ﬁnger 6 due to the

large vertical component of the thumb 3. The tablet 2 can only resolve the patches
shown in gray. In essence, the thumb 3 masks out the vertical position of the index

finger 6.



panel and to produce distinct signals representative
of the |ocation of the touches on the plane of the

wa ewshigsemel for each of the nultiple touches.PdEs2005/014364
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invention relates, in another enbodinent, to a display

arrangenment. The di splay arrangenent includes a
di spl ay having a sﬁHEﬂﬂéﬂﬁi&ﬂiﬁﬁﬂ%ﬂlﬁ@ﬁglﬁﬂﬁph|cm

user | Y fAERionludl AR ALERARTBAGL B haying o

ncl udes a transparent touc e screen
t otrd&ﬁspweﬂw\ﬂ@actlheer einbihgugddian docfpabd ® ddtect anidigyle zouehes or near

mul tiple touch events that occur .at different
| ofouplios Akt ScHHE tecuen tg%ene}dﬂt@etlgﬁﬁl%?&@nafn the@lang 9 fhe touch

S Cﬁaﬁl%f‘alﬁit to'prégued ’&Fsth fn%s&i%&t ofttllﬂal Ecét{HnodﬂIHé {oRBhes on
to a host device ent on re i n anot her
entheo ghlame of thettouch pamnbfaxr eachi Gfﬂh@nmhtpédtomtehdfso d. The

nethod cJudes re VJn It| ouches. 0
surface ¢ IOYCRHORS EF g%lgﬁﬂtgiaaﬁ8ﬂ§gﬁﬁngﬂnﬂﬁ The

ti (ﬂ‘i@pla%f Qﬁm@%ﬁgm@i@l@s 4 Hﬁh}e@?ﬁvﬁg RAERLL Kt cﬁﬁﬁ@ﬁﬂg & PPhical user
each of the multiple touc hé net hod further
| nlclflltﬁmfileg Ib@dlrspham gntammnﬁnﬁ frrthebmsbdedn trahsparant tiglnh pentl
| e touche The | ent el ates anot he
i REAE R o eVl YRRy Rsh g SRbla e B Bemtinte
! ntelut;w e%ends tﬁﬁt%‘c@ﬁxsaﬁ rdlﬁ&eﬁtl 16¢HREs bR tHRXBEIH Rnsitive surface of the
instructions and to Caéﬁ¥ out operations associ ated

wi 1OHC precqng iR medime tom@téébfpmf@mnaémdo phepidsgisea
di spl ayTﬁjeei\h%zgﬁiotn%fatésSlnoal?lg{}%%} Eﬁﬁ?é}c}‘l o ‘PA g g ﬁiguttepl‘:fnplemented
processor . e conputéer system Urther 1 hclunes a

t omethod c Tae mettaltintladapnesating elultisio tplcaes dsrothte hﬁrface ofa
processor. The touch screen, is a substantiall
t r EHSpaERPURTETen Al e sameiag. + Thveathpd ajsp é‘i*ﬁlu‘éﬁs seppgately

?rhﬂ%te#) %?(zem% BgeH! &*%ﬁ@l\}ﬁﬁ@ﬁ@fbubﬁesc Gk R Rt Bl fnffles regorst;lng

bjects rest on, tap on or nobve acr
tm@uumﬁnmb&md@anhanmbgﬁzahmekmkmeudﬁhe touch screen

i ncl udes, a. capacitjve sensin ce that is divided
into se@lé"r %’Weﬁ? %meﬁanamgeﬁﬁﬁ%% tQyf SPpwer system. The
Se&ﬁﬁﬁﬁer%?bt@ﬁﬁn&lﬁéés agﬁooegg%& Eoanesed hre%&ﬂpﬁfstrh&ﬁms and to carry

pl ane of fhe touch screen. Each sensing point is
c apaivperatibnyaseriaed mithdhs cgnalteratystehe Berentpiute alsthiecludes a

LRGSR B GpraecliEhued Sl PrhsSiht Thagotabuter system
Suppthbeinclufies Afibh E@Certidbeis bPerktifel P OGRS R the PRRessor. The touch
i nvention relates, in another enbodi ment, to a touch

s cfceeen isre ShstAntiThE travspetsat pansi thabis p@su‘twm@nafrqnt of dicidisplay.
of i.4n Qi.nts. 'The th
© HERERRLD B 8 8 el ISR GBS ob Rl SR ER T o on or

t h@osensbRGhPRIubh Scredhst tH@&dfh@tﬁlH I thetouch etrdélecludes a
produci ng and anal yzi ng an_ i nmage of the touch screen

pI GARacitive prasig fsiice ithat i firided inde gesteral dndgperedont med spabpldy
Jggﬁjic% rs}é{ ﬁ)gtﬂ?)lﬁ‘ft 't gafeg)%sfn%ﬂ&{"th?cﬂgﬁgﬂt thg- EEPE“% ﬁl%qui':lCh screen.

I nc curr
pathchl sengrg pmnorsabapatﬂ@oﬂ@nefammg @ signahanyesaate ttnhe The touch
obj ect s touchln t he touch screen, The invention

echqegg SOj1RC Hﬁ‘?ﬁ RERSIBESBEN hibat acapisesdaly fomdthe §<PI§H1§ device and
prtﬂﬁtes%f)bp& the acquired data to the processor.

The invention relates, in another embodiment, to a touch screen method. The
method includes driving a plurality of sensing points. The method also includes
reading the outputs from all the sensing lines connected to the sensing points. The

method further includes producing and analyzing an image of the touch screen plane

3



nmet hod. The nethod i ncludes receiving raw data. The
raw data includes val ues for each transparent

w@apagiesyve sensing node of a touch screen. TheCTES1908014364
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al so includes filtering the raw data. The net hod
further includes generating gradient data. The nethod
adali arieonethént in fAigleudesdec & deteminegheteebpastaatatoushinidhe touch

touch regi ons, base..on the gradi ent data. Mreover, .the
ot | s taed akioning SR omparag fiscaeryinags g pas

t OlifdpelifBkd¥ to EERbEInSE Shdflgl bt B dBfeciHBu RN chhereen.
invention will be readily understood by the following
det ai | edhelyentiq febates; i anotljen AEbPSiman. tth 2 digital signal processing

SRR B ADSL ATl . R BB o

Fi gsch thafisganeéht lcBp &itoxy sendif@hodend f togeleipeantTihe madthddalshincludes
screens. Fig. 2 is_a perspective view of a display

ar AHeiebaraw datag dbe mébmﬁfumi@mn@ﬁée%mﬂﬁﬁ gradggnt dpfa. The

Pr £R6RY a{d@f‘ﬁ%ﬂgﬂfﬁcluﬁé@cal%l&h&‘éﬁe B{ﬁiﬂﬂﬂgsefo?ftowxfcﬁ%éi&fsc&se on the
screen plane at” a particular pornt 1ntine, In

acgaaditandaa wModneoyes tesrnethodemiludes chloalapng gerdoordinates for each
invention. Fig. 4 is a nultipoint touch nmethod, in
aclOYFHEED Wi th one enbodi ment of the present

| nvention. F OBRIEFDRSCRIPATINGFAPRDIRA PATRUS e
system in acc
pr esent TheusetiionwilFhbgreadily sndergpard byathe fapowing detafleddescription

transparent nultjple point. tquch screen, jn accordance

w O BB e ieceRP R FUSENE Mo fiy Shepise Tpierals

| sdésigfafd lild stiuefiraticfih ks, and ARRRAT ent mul ti poi nt

touch screen, in accordance with one enbodi nent of the

pr esent FigavhendhB shpy a el kplding comtentipeal douchrscxcersy,

in cross; section of .a displ .arrangenent. . in .
accor dahiB 24 t RCSRE SRS ol dishlpy PRAFESMsp i accordance with one
I N¥aBRédifRnt &ithe Er%sélﬁ ivehfpn.vi ew of a transparent

mul ti point touch screen, in accordance with another
enbodi nEig 3 showhen imnassenthe teuehicresn. plamieat aporticylag point in time,
pag 4c@!)rdfaﬁc%%iﬂ$gl§é/ %%Bc?(ﬂm\éhte&%ﬂaé ﬁre%n?%fve%&gﬁ.' on of a

di Spl'ay arrangenent, in accordance W th oné enbodi ment

of the Pigedédd multipiititouchfrh¢tBiod, ih Accdfdhnté RithromeRatbotihent of
top view diagrans of a driving |ayer and a sensing

I a&’@rp,resieﬁtlﬂlé%ﬁoaance with one enbodinent. Fig. 12 is a
sinplifji ' it Aar ' R

ccor dange i | oo I Se SEPERhERE Rcbldid bitnfe

i nerebédioent dfithe pitSerit snventloiagr am of a charge anplifier,

in accoig,.dagce Wi t.h one, . . :
ig. 6 1s a partial top view of a transparent multiple point touch screen, in

accordance with one embodiment of the present invention.

Fig. 7 is a partial top view of a transparent multi point touch screen, in
accordance with one embodiment of the present invention.

Fig. 8 is a front elevation view, in cross section of a display arrangement, in
accordance with one embodiment of the present invention.

Fig. 9 is a top view of a transparent multipoint touch screen, in accordance
with another embodiment of the present invention.

Fig. 10 is a partial front elevation view, in cross section of a display

arrangement, in accordance with one embodiment of the present invention.



enbodi nent of the present invention. Fig. 14 is a
bl ock di agram of a capacitive sensing circuit, in

waewondgoce with one enbodi ment of the presentPCT/US2005/014364
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invention. Fig. 15 is a flow diagram in accordance
wi th one enbodi nent of the present invention. Fi?. 16
i s a f|Bugsdildgarsd 13 arg pditigil tapl view glirgiramps oteddving layer and a

met hod 1i n_accor dgmce V\éht h opn% c<.=Irrbec%lcgi ment of the

pr SO¥RE 10 R ErGRdansr gath ops RIPOSRIRY ouch data at

sever al Fig{ ePf a difipBHEOEHARAGE MM ﬁqhuﬁn@gaaibm& eRAit, o accordance
the present invention Fig. 18 is a side elevation view

of With oa¢ embedinicat efethp peesentinvedtign-dance with one

e_nbodl MEAL 33 %fa &iggral%r GSE G, 'e%ylﬁﬂ‘ltffeg% géogdanjcg.\ﬁiﬁl Ghe

side el evation VieWw of ‘an el ectroni’c 3eV|ce, in

acanbstimest ofithdpeisnt evladoment s of the present

i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON i
Enbodi Bt §4 t5r2 plaek dlingiaht digrrcanpetive soguigsiepib ip weardance with
re ENGSI; Fi z ver, those skilled in

thé&grt V\Au?“?htrdefgﬁdi Q%Seggg}vg}g?dg?e that the detail ed

descri pFigohS g av@ow ldéagedm, injatdordasp edth dne entbedendént gfi thespresent
is, for,explanatory purposes as the invention extends
bePSAf%Phese 1inited enbodi ments. Fig. 2 is a

Per SpechioV €6 W LMoV iddrfhh SPA Bikital i prRREsimPmethBd, in accordance
accordance wth one enbodi nent of "the present

i nwghoheambdtiemedi sfthapreaentamgatrent 30 i ncl udes a

di spl ay_34 d_a,transparent touch screen 3 .

poo t | oFiE TACErbRY B oL it . TeoTdPs vl ope

| SerBeiln@Hl &dhé Preclr Bhv@Mtign 9r aphi cal user interface

(GJ) including perhaps a pointer or cursor as well as

ot her i Rigol $ristd Bide elovation vieye pf aplectrorandgiaese it aqcgidance with one
SC n%g(g]di%t%nts%?'{ﬁehpereé)e%pl 1.'%/6113[?0@1(?’ I's an input device that
is'sensitrve toa user s touch, allowing a user to

i nteracrigM 9 s 4 digc dednidinGadw UE & elettt®@iié a&lchin dterdance with one
di splay 34. By way of_ exanple, the touch screen 36 nmay

al ?@b@%m@mérof he nyeseat BNCRtNPut poi nter or nake

Sel ect ons BTN O TRV PN

poi nti-ng at A S trogenerar,

t ouch sEmdedisncdbs sfahomverttonsare discissed Beibwomith ederence to Figs. 2-

surface 38 of the.touch screen 36.and thereafter .
out puHOVRY: thasevkitad 184he Ft Hﬂhff‘é‘gﬂ}ﬂ appregiatethat thidgtailed

e B PO LB opY Fpgses
hotie inkentior ektehdy payend thebelimded bmbydintentsnd t her eaf t er

erforng. ap.action hased on. the touch event, . .
Convent Fendit §Permistre SErdet TGCGRIEg B BE: igesgidance with
of oﬁee&ﬁlgdﬂilﬁbﬁ‘tg)@he%ﬂégéng iﬁax?ﬂt@&. eMRNdis e ArMaemeh$0 includes a

touch screen is touche
display 34 and a transparent touch screen 36 positioned in front of the display 34.

The display 34 is configured to display a graphical user interface (GUI) including
perhaps a pointer or cursor as well as other information to the user. The transparent
touch screen 36, on the other hand, is an input device that is sensitive to a user’s
touch, allowing a user to interact with the graphical user interface on the display 34.
By way of example, the touch screen 36 may allow a user to move an input pointer or
make selections on the graphical user interface by simply pointing at the GUI on the

display 34.



multiple points at the sane tine (e.g., averaging,

maski ng, etc.). Unlike conventional touch screens,
whowertersd t he touch screen 36 shown herein i s PCT/US2005/014364

configured to recognize multiple touch events that

occur at different |ocations on the touch sensitive

sur f acelBgenstalt thach ssueshs $6 resogniz6 amuoﬂllﬁee@t&meth@ sungace 38 of the

That h 0 reen ws .for
col bsh Bergt v O EORRREES Rt Syl b By, e hos

. @evicd fa¥ wex@&pecdosreafs@dtt@ debmpgtet b@htasta&iéslst@p eptop, handheld
then the touch screen tracks all four objects

s h@K/\H lef prmpwark: h hedresbdevie lg@ﬁeﬁtﬁﬁl@%toslelb avea and ﬂlﬁtqaftﬁrgperfonns
55 o n Erleﬁ)n%]a 6%401{ (ﬁ;)fe t?mgcglhav{eﬁu (‘Ckbnggﬁt{b%ag% cht %?Jeng R 09th been

Surt ace touch screen
t | oapablehve resoghizingdd single (ﬁ@n:lhmblht&vtamw@aﬁ ﬂ'lertalyclrb@r@homtouched at
15. 15 touch points allows for all 10 flngers
pam%ﬁpéﬁ OIS i SEMETHRE (Rt 3YSTAGINE NATIBG HE & Uahk%onvenﬂonal

ck @B@éﬁt BWeRd, the Eﬁﬁcﬁ géreér%@ﬁ{c;\ﬂf ﬁ@r&hqgwrgfgu%d to recognize

nu tiple actions 1'n t ost device. Wien use
sepailigtletonch avérts St o@uc it dffereht loeatidne ouslkesitonich msﬁwa isurface

a fir action while second t e

10 £ oShif P ek s Beeieting HE i Hedpulttratg oangws for
fi altie Ed)lﬁé’ct p-'c;tlﬁs ?131’['4058 $e %Ukéd‘%‘imﬁ%ﬁ{@@hﬁ%l inClipfRr objects are
movi ng an obj ect such as a cursor or poin

s c faoiching ghestouptasareany ;head]m@uclng:rmmrttacm al§ émltrlqbge@ts As shown,

DR hurhotdsy Go Henig e Notidie Fndiied Safur §Ti4 BE Sachdotn point
perri pihethal odensi Hahe orRRe bE theltoudRrdrasle AMd Gfelirfe. The number
When used together, first and second touch events

15 heofsseerizablyionthasmayperheupht.t | Tionel peiatsiabaws foreall 10 fingers,

pa5£6 M%ggngggk&gsnay for exanpl e include | ogging onto
ng er a conmputer network, permtting

aut hor i ZTad miuliil ¥ kelichleSerds casise Used kgt ditlgtoe tog@iteaso fdrform
the conputer or conputer network, |oading a user

pr SREYIAT ersaBkipla aons nhe hest devige.pr Whep rdeedi sgPtgiede st touch
of I die nfa§' R W& R f IQteJcﬁbﬁ WG 236E85 RS ohh é’\’%ﬁt ma% be used

content, “l'aunc tﬂﬁﬁa ar I cul'ar program encryptin
20 detmphrfmgm&a mm&hml,onahmﬂ/is}dhﬂki’eat thiaki ¢he fMetagionz iThg actions may for

mul ti ? h events ge eraII acconplished with a .
muf% F e ‘é‘%ﬁ%‘i’hﬁg &t Paf @%ﬁ‘fg‘hf‘s 4 SHEOIRY IPPFH?TP sroligg of pgrning,
ar L GRERIFERDhirb BsHARA bégﬁ o SR HBOERHE ] MedRlbeGhémg nﬁml a

nmoni'toring touches and t e magni tude of thoSe touches
at s&iccstonn@tecmmmmstrmtloos&peﬂmeng alpchp]maisiemce eosuactede the host

38 .of. t uch scre 3 t | poi nt se nsi n

ar PG HEr BoHe PR D HuCoedop] BPeh Prgpiiey be used for
25 LT ASRALiRNbN aCRALAT TRE BS1iBHaPRIRE iy foPBkanRE knclude

i ndependent of one another and that represent

di fofggimgrints p«nmpuf@non heompiomeseeeperBoitinghathopred mtividuals

obj ect.s, ar SS ainst the touch scree

or b1 o ReiuBe T aREY of REREP ML ATl BHVER. RigBoer profi
t ObzBcipRU Ritesuded™s pearared ﬁr&@@ﬁ@nﬁﬁtﬂé 8o ;?]utaiz‘desﬁ'tbﬁ , permitting
sensor coordinates 42 associated with each touch point

T12orgssiPovRceni b leynghinigrigrastiqiteiipso gamegnerypting or decoding a
30  message, and/or the like.

Recognizing multiple touch events is generally accomplished with a
multipoint sensing arrangement. The multipoint sensing arrangement is capable of
simultaneously detecting and monitoring touches and the magnitude of those touches

at distinct points across the touch sensitive surface 38 of the touch screen 36. The
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In one enbodi nent, the touch screen 36 includes a
plurality of capacitance sensing nodes 42. The

w@apagiesyve sensi ng nodes may be wi dely vari edPCTU82005/014364

e
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15
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30

exanpl e, the capacitive sensing nodes nay be based on
sel f capacitance or mutual capacitance. In sef
c apabiipoan sensirtgver a‘ng@nent@p@r@lly amfedeéfa pdurglifygtfdransparent sensor

el ectr.ode is a r

e e A R
be&l\ﬂ@ﬁdﬁt pém{sQﬁhSthe fduﬁ:ﬁ ke’ & eWiéﬂ pllrglcibl @tkese ipfessed against the
measured. In either cases, each of the nodes 42 works

| n@@gi@mm%pn@ Mgt ERsH Gaeislingessse agiviatsd fpheagh douch point as
e;z% nlt?lglt' %?n‘%é’“fg Iﬂg ﬁle%ﬁﬁs!o? 05&‘8{11%26@ QLPaaEﬁo\égat&f with each
. n order to

ere Ol NS On the toUCH SCre
prmdbl@pmﬁtTtammaﬁmtthd@mdn@@mSBm t he capaci tance
sensi ng_ nodes 42 are for rreg vvlth spar ent
conduct IVRRCFBHOIMET e SRICh eheehR Faé’h{fﬁ}ﬁéi)Of cpppcitance

S eée{g B@&ést@n §Re SENRINRG sAALANQRIE ﬁfa?’betﬁﬁelltyr@fi%@ af&Uxample,

con |ve medi umi's patterned into Spati al
s efharcapaedivel seotingoedss amy Herbasabon Eéf:ctapacﬁltanhe or mutual capacitance.

ct rodes.repr ts,a di ffere t co nat.e.and t
L aEaRe e e apapince Sha SR8 Seelne s b gs or
C' EGHile reld1f/e40 BfAinBateHulBY csﬁﬁcﬁaﬁﬁ@ Cth@hﬁﬁ'ué@"cﬁﬂbltance between at

Cartesian coordinate system (X and y), Pol ar
c ok@asilfmataadsycsmdmie(ctrod@)ls oreagwed &t hidrer casssgianhoéthe nodes 42

t t
o1 BetiPdutsBefieyt Bb B8 B Az S 4f HRHECLtr ateougy ogguring
t Os1fgﬂ>cﬂme@r&5ﬂ1tdt1@€ s fdehtp Bae BneheouERseedeRy. esent i ng
a different x, y coordinate. During operation, the
c apac i t Inesderdagirediice B FRarers ouchsereemh éﬁgbg capgcitance sensing
CapagLLance o%lﬂgé Wgt?l %an@%arglﬂ%lan% ttvE ?ne% u?ﬁ ts{lc%ga%qn?lmetln oxide
posi ons ere anges ¢

t hg$e)c hagtspadianus @fdlsing aheh gerfi@g e tzalspdaenmlnﬂu@ive medium
touch events. A change in_capacjtance ty |callﬁ occurs
at ispattemed fiite geatigy ﬁe@rcﬁ%ﬁleﬁr@@é én%ﬁa@éj &aeh af lhp clegtrgdes

t "
objfbgge{seﬁt? a%ﬁf?e? %{Og?eﬂlt éé ér(neotb 1? eengtO?lfnié& ﬂﬂeeeledtro%es to J‘@apamtlve
c agmeinga@irceit. [Tihe mubnn]aﬂatesap:@cbd anodated h&tht(ieemsiaa icenrtlinate system

conduct i ve medi u att ed into rou
spat 3041 Dy P dareqosdt Eﬁf‘ﬂS? ?ﬁg} ﬁléﬁ)ng,enotg ot IF%tF sytem. Ina

| a&ﬁsﬁéslaﬂ%oyalﬂae L«yg'ﬂaﬁ tﬁé eleb @b AR %é%}%e%dcsitfo%d irﬁélcﬁﬁmﬁ@%d rows

sensi ng ines are fornmed on a second ayer Al th oug
s eaasab donby ghidiangy enithdiath eleemodd rapresenting helifewesi ng coordinate.

1 Pt PESERY™ His RS tenmmar b uE oD a4t cAbgence ha

”BB&%E af R LE el 1P8ES I TR JosREs FbreahhRSS dcb@ and the
driving lines generally depends on the coordi nate

syma@mtudseﬂ thase ph@gasrpﬂeelsecil o heliCracoguzatheandtipleriondh events. A

t he se nes are | ar to t.he
o PRy 1 e TR PP GErfh B REIBER Sl an objec
an@thl 28 @GNt B6se phbtifhtyab theadlytirods, i.,ARE 8bject steals charge
coordi nate system the sensing |ines may be concentric

ci thereby afisetingibe grpagitarsel i nes may be radially
ext endi ﬂlgmi,l{ug?ée{?g? tEan\éle Gfte ¥&s ‘:i‘l)ent Jc{}iﬁugﬁ\}evrhgcﬂuﬂal iIQ E%tge%e% into a

connecte age sourc and
ar group of spatially separated lines formed on two different layers Driving lines are

formed on a first layer and sensing lines are formed on a second layer. Although
separated by being on different layers, the sensing lines traverse, intersect or cut
across the driving lines thereby forming a capacitive coupling node. The manner in

7



connected to capacitive sensing circuit. During
operation, a current is driven through one driving

wo 2eve/ 188368 ti me, and because of capacitive coupdT/N2005/014364
the current is carried through to the sensing lines at
each of the nodes (e.g., intersection points).
Furthey the sensinghlenes ensaanessdhe drining hines genewllyldapepsls onrthe
capacitance that qgccurs at .each of t.he nodes, The .
oS FatePRleela L SBniE 3% A Grenial AR5 G, e sensing
t hoiges abpegradieniar s dtivingeines IHREMDYToFEInE: A8 &8 th Bistinct x and
touch events. A change. in capacitance typically occurs
at YEoeuhnates: jAEeraBinshh Hya Relgecekdinaty sysam. tesersinglines may be
obj c ' - I (ML t .

5 o RS o0 WS Blns & AP p LA cenli s or v
chaege). tTerdbynglifacid agnketed aapaclidgenoerce Byd Waysending lines are
exanpl e, the siqnals generated at the nodes 42 of the
t oGeRNester de RARsEIITE poRsng GBIt DYSIEMRERtiaR. 4 eREErat trdriviga through
t 0WGD4F6InE Sie B Afe) | tRR!cBhoidb, Wl dWrrrent is carri
ReferringgtoeF%g. §jIg?gﬁ%%%fgg%&%ﬁﬂgéﬁﬁgﬁﬂg3&t gmnschWd
t otlohugletosh¢ sansingunaetecadB obthetnoded @ inteeseekon Bfints).
produces a contact patch area 44. Each of the contact

to - FpriicTPiels TheS<Beie o BLwBPPrs cBinsss Fmeaphalancs ey aepurs at cach
NOQethehd et B posiond GhefeddbaREds MBI B dthenaSMRAIdRI0F%hose changes
nodes 42 do not detect surface contact. As a result, a

pi ®id use@tb helpereoghize He multiple teuchessients| dnehapgenirbepacitance

forned.. The signals for each contact patch area 44. na
be T GUS LAY bt Fapot e el MR dsRjaes an objectsuch as a
r ephe&an st pRoxahity fetheRp ASEveRRBUPInSARR, 4, thEd8jdcMRERS charge
of each contact patch area 44 may include high and | ow

15 potherebywdisedngechpacipeessur e at each point. The shape

he 1 iy i iy Eele, A et PGy et B SpBlaqlell screen

ar easnadbetusead tosredude «@linsge pf sitdlichcieen pRBe aNPpMREEular point in
Furthermre, the current inmage, and nopre partigularlg
t hEMenRGETHRE Ekig- Eoiietaebicpidl cRntastowita teush sersitive surface 38 of

co Rev) | r i |
COTBAED AR TORSE S 1L BRI e
20 t hé4 dosps soy erl nadegeile MheI0veray nbdesal2sieatdsiataes eontadttwhile the

or it may integrated with of her devices. Wen stand .
al Bﬁﬁlé%lmtlé 806?85% &ﬂ% Aetsh ¢ cagagto Asadetilipp Ptilated image of

COfRANEIM el Dladie chl Be BorRRHI ARE rs%ln?ﬁ &% & Qgigtgciét %E(%ﬁeaaea 44 may

that includes’its own housing an at can
t obagteuped wewtheretotfhrm ighividialethages represdrgatnve of the contact patch area

conppections. en integrated, the displ arrangenment

30 bt Bheind Serh PR bh dien AN S P G hERGTRGY powts based
25 deyh R greQuRRY A FBIMY TheShARH §F thlithageBY WiYas e high and low

exanpl e, the display arrangenent 30 rmay be dlSpOSéd

i nBelgts vaithintheampage maydstusedio derentiate gdittact tatah areds 44 that are in

limted to .general r e.conputers such as a

e SRrapon BTGB, R b Pl SuRdn@Radnd g as

PDp&rtiaule e i ithaPt 8Y €4ch coH@B fiSchated £4 PABYEEopaPEd to previous

peri pheral devices such as caneras, printers and/or

t hBnageR & detprginerwhat agtip fa peBirarinadeshdavieehod 45, in

30 accor daﬁ%ﬁen‘%é BhcRRE F%?ﬁix'e ra?slﬂiayogrrangement 30 may be a stand alone unit

or it may integrated with other devices. When stand alone, the display arrangement
32 (or each of its components) acts like a peripheral device (monitor) that includes its
own housing and that can be coupled to a host device through wired or wireless

connections. When integrated, the display arrangement 30 shares a housing and is

8



the present invention. The nmethod generally begi ns at
bl ock 46 where nmultiple touches are received on the

waenokacseof the touch screen at the sane tinme. PAHUS2008§14364
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for exanple be acconplished by placing nultiple
fingers on the surface of the touch screen. Follow ng
bl bekl wBed intetherhostelyick|taelpr rosdsa sioglbivitk By wvayhefregample, the

each of the nulti,ple touches is separately..recogni zed, ..

by %ﬁggay.tawgﬁerg%x}t é@ﬁnayﬁ,ﬁ sgggsé Plg}d% é)xvaaﬁlsﬁlegf SCORLeS mcluding but
acC GO MM tsd &g d¥ralPhipb ROt dMp &P 86dH a’ﬂ;%sﬁt@ﬁ,ﬂ@ﬁt@ﬁ'o@%ﬂ&d

Wi thin the touch screen. lg)ol | owm ng block 47, the

pr 6ed@gyters, bondhelsls sedsastBP s aedimadiaphsices sugb as wgﬂq éﬁépmeas, or
b i t is.re he t t
ey Sl LB 'R Ul el SO GAme I OUCT 998,

gener al Rgipeaemdopgitt ach method d5] & a@chidende whtlagicdmiesdiment of
a computer system50, in accordance with on

entsoptResat iyFniione Hiegaehed perserby kaginss bloelsﬁﬁu’ﬂ@re multiple

. o e .
g
wa Yorofxaspdntd accomphshed myylainsyaitpbe fimyercon thespofack dfahe touch

| .PC t t Th t
oy SeieRh nig Rarisg bEGR ABSBERPCS PR TIER Lyikigsgach of the
?x&l"_ihﬂﬁﬁle itéﬁcﬁéé'rfﬁts.bﬁi‘atgfy%&%ﬂliﬁﬂt(bg% RAch 8t&l TRRGHAVRS example

M, point of sale machines , I ndustrial
mabhiap@syplyhed hymuligvinespacapoadensmas licated withémthieriguch screen.

hj ., alrl -ticket t ' aur a
redalp e del rhediriecss Aevotareedei ot 5t b ke toch data
|'i BagdYont 1B b RAbSchek %31%?&1‘9&. AR t66ch dadfhal R&t dxaltBle RSreported to
shown, the conputer system 50 includes a processor 56

c onthogiuderiretsuclexet gansral putpose edropigerand to carry out

operati @ns associated with the ¢ ut er Sstem 50. Fo

ol ¢ s B dftketth oha PEpARE BT 58 afRyace iy one

e gBiby dinidh€ o PIhe PSSR inéntichY ThE ts@putbNG/ste@t 8Pia9RodEbond to
mani pul ati on of input and output data between

c oRpiEARHACempRtef RstErhpighian deskyanselap®ps, taats oF barthslsls. By way
56 . . ! q

o o8 Efkifte IS bAARBET LR £i5 35 8p8ha K2 Rl OB ECHAE omputer
56 syaget Mae compitensyseperalialkg copsipdiml appitdicadniphter systems such
execute conputer code a roduce and use dat a,

[ nd The . .
coapifmatioa&iosks a&&%naat%g?ﬁﬁre@a%nw (AAMY), Ro¢ esadganachines
o SL00% IREH BRCAAS, o BBl BB R macines
pr eirlickes-tiakgiltaraandls resvhdatatseridiian téreniteds, ngsterr kyrvich etations,

conput er system 5Q. .way of ~exanple, the program
ot SPHGE Ul e PGS, RLWS BiFy. Nerory (ROW 60,
Random AGGES®H MBEREMphiBANstdi? 50 Bitiedh Hrocdbdoy 66 an% é%d to

and/or the like. The conputer code and data coul
r esketateomstauations wabloecasty oubgeeratbutis wrsoarated wiild 8¢ computer system

[ | ed the .c ter t when needed.

RenDy 481 EXBP. ASE R WEIGYaE forreRmBledFim gemory, the
CDFRQ%SOP §6 GfilonfrbIGRB Yecehtidh alBARNRHIGH S POEinp@ HAdButput data
ne

wor k conponent . )
between components of the computing system 50. The processor 56 can be a single-

chip processor or can be implemented with multiple components.

In most cases, the processor 56 together with an operating system operates to
execute computer code and produce and use data. The computer code and data may
reside within a program storage block 58 that is operatively coupled to the processor
56. Program storage block 58 generally provides a place to hold data that is being

9



The conputer system 50 al so i ncludes an i nput/ out put
(I/O controller 66 that is operatively coupled to the

wpe@sesse? 56. The (1/0O controller 66 may be PCT/US2005/014364
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integrated with the processor 56 or it may be a
separate conponent as shown. The I/O controller 66 is
gemserdaby the compirgusysten 60.c Bytvayl ofiemamplec thepmnegramtstoragreblock may

op iR TN T RO S R 2 s isPRELBEA g2, ard

t h@isk/dave &4iae8%r kaAtked BB Otet 5N UHCRELCOMA Msé Rlide on a
processor. The 1/0O devices and the 1/O controller

t y pireeable sensaeniedaneandioadaghor ansialted quiththeEPmpwies syriera when
i nk t
5 o nbbedil, ROoR RS sBMecliaihDhcRlac, ME LB CROR PTBARD,

coifoppy Uk, Bberekit eapghand dmwﬁmmdnems In ot her
cases, the I/ O devi ces maé be connected to
p

co ntr ol (T8 cowpiicr B WP Albp dacludes ap élmqt/eﬁ@u‘f ﬁiph@ytrsﬁel 66 that
%e‘?&tw@ﬁ%o@%@ tgltﬁkgpirggets %)5 r60 ?%16??@2 @%t%gﬁlg??é %nayl’é%'?integl ated

sysxh‘éxrthéﬁro&bsor béot ildey e adieppb@\cotdepones a@@hdnhmtThesI/O controller
operati vel led.to the

. he
dedP &%g%@f%ldfﬁ%ggggeg écb%ﬁrglioé P%%%%?ﬂ%g :Wlt 8 Tqr%gp jfa $&ices. The
deyir&hntdilet &6 g&hé grodlp@a?&rlﬁl SEhMgity &ﬂ@b&%@@%‘iﬁo&@&r and

program st orag m a deésktop conputer (all i'n one
nad:‘tlrﬁ In@ eviaed ﬂnpt depire haethmldicate Wlﬁiﬂheprm;ﬁssbh eTh¢ K@©.devices and

or s QB Fiueaiin s B g BTG guta i 67

po'nﬂiyﬂfe AneSHEBINK GStwoBldy R, %@6ﬁle|c8§e@rﬂﬁﬁ'lﬁ@db\ﬁ&s‘rﬁb%/ be

user. By way of exanpl e, the di spl ay devi ce 68 nay
a n@m@@t@ddwélwdl/@ shatyolles 66 droyghaphied sonmtations: I ObRY cases the I/O

! SBLAY mEPRanGEd. o APRLOR BIRRUEY of FRAal FBE comections. By

di splydY exdrhple] e htdIingl 67dhSptatvespéhdito PSAE I, FiRdWiteX IR, RF,
passive matrix and the like), cathode ray tube (CRT)

pl &vaioathepfhgyiikeand the |ike. The corrputer system 50

al so in ‘\Tthg g?%;gﬁtei‘ fdhy 3615 gg nn%\gdets asy (9&/%6%87%34 iy o%eratlvely

coupl ed essor screen
t r aogied @the pﬁme:tsot bét Thedigplay ﬂe‘ﬁﬁ@GS Myﬂ)é@ns%pﬁﬁtetcbﬁlponent
di spl a %§VIQ6 68. The touch screen 70

3

i n{giPRErBldien oF Hendl Reintagraled e ﬂ@apreg%ﬁ@r qhgpregrang storage to
SepRL fe Wm A6 SRUGR e??%pFo hﬁldﬁgl'af é%ﬁl@c%r the like.

to recelve roma user's t to sen
i nfThe deplaynievettlies pondipassiao dplayl agm;ﬂatalala&aaterﬂabm(GUI)

touc creen 70 recogni zes touches osi ti_onand
T?@%P?} aﬁs&%’é@g%c‘ﬁriog a8 &éé?t H‘éh%‘%lﬂ‘} te thedhsir- By way
70 of @)&Qﬁﬂ@ thé le%ﬁy BeSe 69 n{ag%e%rlﬁmmg’@isﬁig g Lig ﬁr%pgncs

processor efprets the touches I n accordance
it sdfpp’f@q%ﬁl) dlg)laBF@nhaxadrgtaphlcs héapperd EEggatisphey/, maryable-graphics-

initia t.as n_acgcordance with, a r touch.

| neiagbTaR EBRli fhoBh L Bbar e e oty Ke o Bfgnanic

I S p@@mhhﬁn@fana FRCIKi) Safoldk k) @bORTRTS, Hlasiii ddp1dy@Shd the like.

tap on, or nove across the touch sensitive
The computer system 50 also includes a touch screen 70 that is operatively

coupled to the processor 56. The touch screen 70 is a transparent panel that is
positioned in front of the display device 68. The touch screen 70 may be integrated
with the display device 68 or it may be a separate component. The touch screen 70 is
configured to receive input from a user’s touch and to send this information to the

processor 56. In most cases, the touch screen 70 recognizes touches and the position
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surface of the touch screen at the same tinme. The

mul tiple objects may for exanple correspond to fingers
w@nwspad3ns. Because the touch screen i s capabl BCD1S2005/014364

tracking nmultiple objects, a user nmay perform severa

touch initiated tasks at the sane tinme. For exanpl e,

t hend segnitede febedics am ite sstacee Thb tiuchsersen AO mp@rts the touches to

whi | th t fi
e o PGP O
Wh' pt&arefh@ed | G RBmplee e Qs r 78 MayvihitiitANAEIN BT accordance with a

flnger Furthernore, a first object may be dragged
wi phrtignkar fausher whil e a second object may be dragged

Sper § o it dcorgarie Rim R eFRe e IRt Wukh YerPBY 10 capatig of

t ouGbkifg hRelplé ObjkeRewhich Yedt BE] 68, & rS@RSdchREss deMoGeh Easitive
configured to det ect an object in _close proximty

t hevidecs odifey topch sracqr b dhasamedivae.t Ebe muliidopbjeathlay for example
se I
%? |Og(? Ydeﬁlg% éga ahkﬁ?h g'egaglrs]éé( Ith\réqg ﬁ\?scg%il_}gga%able of tracking

d| vmuiepﬂe iobjeotss @t ahayl pedfope et tamh injiatddathdky at the same time.
di stinct sensing points, nodes or_regions 74 that

10 podior pemaRle.the Besg MYtSelenkan nsereer b\lfé@hwvtg Onerﬁég%rewg}lﬁ gloving a
poi
Er clistr dfin HOEAAE, I RIdRR, ¥ uOh IR ol RN B Bt o finger
poiwitile 2dlectiyy asie iftogn ancnh fethembtheo Shgdérofudhemivee, a ﬁrst object
surfa e f tge touch_scre ouch s%ree

pl &e)be ikt oy %tzﬁeﬁ #glo 4 Sﬁ%’ﬂdﬁ’iﬂ S5b&aY b6 HErgeed with another
gr 'fﬂhtg&r MoRb¥&! ¢ @sfnm«)gf bEp&afitheRiwiid RbRANSEOH ffker.
point 74 i's capable o generatlng a signal at the sane

15t i me.  Potdigositaphe tuck asesn 20 géngnally inslugesonsensidg dacine 72
tinme_an obje si t.ioned over.a _sensin int 74.
i g oaieat & RREeoh FoEpRNGiT REE aRdob Begrsitre cxerted
74 tiRfreoM €Mt BEsiRDHSGEe TEmAD e id& ‘Oﬁﬁ’éﬂ O d¥ Qhrticular embodiment,
mul tiple sensing point 74, nmultip nal s are

gertler seneing deviee Aumsvidadinte svveray m@pfs npfnd ﬂp@tlglén@stntg:t

porntbepifnsels P iohs b e m el PR Bion R poreen

20 as 70eThe 8énsindepdi@ts i78 ethich ansPpiceME Nidaén Fb@ FiewCdie dispersed about
screen 70. More nodes or senS|ngE£O|nts generally

i néhedauesscaraisiOwith egch ssuting peint Esreprespripe ediéiprdnhpesition on the
Vi GEYRIF e toWl%%rée%gﬂf @F‘ c{/u%lrlrg%g% gﬂ{@ "J%l% seﬁme%pmpts 74 may be

sensi ng points gener Scre
I Nposidowaioinci grall @ aspistlemas wdiRrasach pGalateisdeasing point 74 is capable

coordi nat e system é@Polar coqrdi nate system or sone
ot REETEGRIE AEml a/4e spme timen 1a theypplestiise dovahismsoduced

25 Sy%&%ﬁ;tﬁé ah EREAS 88%}98‘&)& ovtehg seﬁﬁﬂ%‘ oﬂbgntpﬂ' Rﬁ]ﬁe%éhe %b_] ot is placed

typl y corresp to x an I nat es
Polosier moltiptt seating pymtssi émhbmdﬁe objket is ansed fetp@emdsover multiple

ypi cal ly .correspond to radial (r) and angul ar
cospimRAUS o TR ElF SOPRS 70 may | nel ude a
S ensi ng ThiheHibbr 481 dRA& ?uﬁﬁgﬂ bl 82 sh%@n%}%ﬁtsfﬂ%ﬁ Bewidely varied.
sensing device 72 and that supplies the acquired data

t o Thheaumbecefssosing gointy 14egema1taillyeilepe;nds loe thy desesd sensitivty as well

| ncI Hl%edetsal?e':dstrf unction

ansparency o the Youcfx Seroeh 76, np/l%re nod?is or sel}fé‘mg points
generally increases sensitivity, but reduces transparency (and vice versa). With
regards to configuration, the sensing points 74 generally map the touch screen plane
into a coordinate system such as a Cartesian coordinate system, a Polar coordinate
system or some other coordinate system. When a Cartesian coordinate system is used

11



sensing circuit 76 is configured to send raw data to
the processor 56 so that the processor 56 processes

w0 b@snasedat a. For exanpl e, the processor 56 rBCEUS®S5/014364
data fromthe sensing circuit 76 and then determ nes
how the data is to be used within the conputer system
50 (asEhewdatlze seaging peint® bhically epmespanety pindyepordinates. When
sensy int. 74 as wel | t he pr .exerte -
o B8 B ahase s g, e SSinB DERRLPicBIfF bOrfihaBh o radial
sensd agutiricdbidinafé (93 configured to process the raw
data itself. That is, the sensing circuit 76 reads the
pul ses flihsiRuchackeemdd mpygnslndea sensmeeircuit 76 thas apquiies she data
da : . i

scr ol B el AR ERal R AL RS o P RIS s6.

pr edesstiselyFhetpesdengr playdadaésthay anétygqiatial. I one embodiment, the
i mpl epent.ed, to .redyce a busy data stream so that the
pr SERSHESICHY 70ds FRORIEN P SR Lt BEBIRFSHOT 36 50 (2t he

nggf&%%%PS% Bfocgégéthem\% ﬁ‘a&n bivs %J(ﬁﬂplg,rtﬁg ??&@s%o{f% T girves data

i npl emented to adjust the raw data before sending
r epiont thagenshegneitamitt Meandrtbaredstermifis. hovhthe dotavie tesheomsd within the

may include defernj ni the center point for. each . .

10 OHRFFIGYTSIPR a0-g ne LAmAg, bg1o0e g BeiiiRg AEeraLrepsipg point 74
My (R LY ER FReRhR &8ReEbL RN sch@hg FEIAT 14 InPanb@I¢E Bmbodiment, the
screen program which is a capable of controllin

di fé¢msingrircal Jéds sordigurdeiopoensks e rae datadiselfol hatxiarthe sgnsing

f,g?ﬁéﬁtjzg{)%?%ﬁl{%%gg%g [)%lnt n%%lsg(g]{téoﬁll’:ﬁ[g 7%%}%1 {uté‘xgtiler%f into data that the

sebaskdr 66 cgh unde@Rirdi, MEHe@8hsing irdiACI6 mhy) Ber$@tBfil€ring and/or
circuit in conjunction with the touch screen program

15 magomstiompiecpises dfilpimspiacesserain ixpaeallyimpleatestas to radice a busy
IS figtgggr[a lsg g l(t]ﬂe F}ﬁg@evsvgor S%qgggtn dv%?l% 4 v%l{)}egﬁ]i%asnt 8f for2essential
set "of rures an rocedures ror exchanging data

betlu@eThd sdnveRnGREcessa Ml bCiaipl @eEDiowiPlss tHeytpwaatd before
transmt information in data bl ocks or packets that
coReHnE QIHEPQrERg thegn tosthe praessior d@dThe pravarsions meayLinglage

t 0 4di - 10 ] t] i on, -f\he dat a
0l cBaEhhd L BERERSH , sApRAPS ot
200f exanfihe sersivey drngi76gnay incluide aswyagel ceraertt fier starirgg 4 ouch
2! :;Ici‘_.’rgg{ Srr?graa%ré &gﬁ&? {;fl q%gtglgg gorgli%lllir%? 31{[;%;&-%[6 as?)g(r:]tg Io? %e touch screen
m 0 Iz :
650 &8N R lcg t@eé‘rtoﬁ_@rllﬁ; Ber@dn 10 %x%ﬁlt 1;}%? b&RAD vALRE Pgn:e dfRhRie to output

sensi ng poi nt . e mcro l'ers may
ex bagpdendche saasipgpdints 74 seleqial (eqpt doordisgen)i fn fact, the sensing circuit

integrated circujt IC), which workswith fi re to
ot dosp s e LRt BosER iy ToLY Earers SR
25 P @6@&MintdABoNPRitdRL.eAs & @ﬂ@faﬂgm I&vin?%ﬁhuhﬁhﬁor% %rotocols are a

information to the processor 56. In accordance W
onéctetivelds mrhprocedueessfoneiohgnginy ilete bztvdes twadedicem

capaci tance. As shquld.Db reci.at ed, . whenever, two

c1 Sar o Sniatgr pic BB E o dh i E AR i packets
angian esntiinttROddta arbdihrdsynitt€l) €Y didia relghipbd tordiRet this@acket to its
fields interact to form capacitance. | n nost cases,

t héestingien, angd gher Jagathel cartnstheetors/haheaselong the way. By way of
30  example, the sensing circuit may place the data in a HID format (Human Interface

Device).

The sensing circuit 76 generally includes one or more microcontrollers, each
of which monitors one or more sensing points 74. The microcontrollers may for
example correspond to an application specific integrated circuit (ASIC), which works

12



a sensing point 74 and the second electrically
conductive nenber is an object 80 such as a finger. As

wo b@sobizert 80 approaches the surface of the tPCINS2005/014364
screen 70, a tiny capacitance forms between the object
80 and the sensing points 74 in close proximty to the
objvédt figovareyjo dendor thagiznhladipes therseesunmdsviemtleands to paedess the

of th i.nts 74 and not 0si ti

O h ARt TER R ok AN ST P e oRRRHLEE O
mul ti pl én afjceddnSe m&ﬂhdarﬁ%hﬁfoﬁlﬂﬂ&lttthésér@ﬁ@tdwﬁe 721 1s based on
pressure, direction, speed and acceleration of the

objcaRaciamy. #s shreld berapprasiaietl, aberevst twecledticpllseandastive
s70
o B AP R SRR L EOD S e el

nofigtefandSoan eapaolisiveni rﬁSst\bedds ths fikdieleptrRaly E@ncbleﬁ{ﬂ@member is
exerted by the fldztger and Im of the hand(s

S ST REDOThE & P Seqong © tr@a}%ewd&ﬁ@ée Be lsﬁBPbﬁCt 80 such
gr I Ig

o %t@h. efﬁilggx]n s}?{] télte S pi’ié %%Xoécﬁeéjv\gxs o a(%;lg tﬁef’t%ﬁt:ﬁ E&Eénoﬂ) a tiny
sewrsp awgamtevfomes Wétwauythb ®bjrat&damhths eéﬁsmgagmm:s 7a e elose proximity

nutu a itance, el f capacitance, ch t he .

0 peri e s HERT R0 & BY Stectink SimbetioRabaaH AT At ha e e gcpoints 74
el @6l hoEe: th8Dodiflof B Bl SAGREHe %Qﬁl@ﬁﬁcﬁﬁ%aﬂgec{)gﬁze
touch screen 70, the object” capacitive couple

t houdtiplebjectsdes! dauerwm@‘éle pocakipmi frgsst, tliIn@:tlob; mced and

there ste charge away fromthe el c rodes. T,
G o s T e BT ApSBE PR Seen 7. For
NMeagaheld, thy séiienSEREitEn dbtefiktink wifentafd ¢@kry dich 8f tRGingers and
positions of nultiple objects when they touch the

15t opekn eEpreeer mere hppdyare taichingyra avellasdles pmsseues@mg prepried by the
de\ﬁl1 gl aﬂﬁlo%lﬂl Shand¢ ggtthagar?%g“ d of spatially

sepa ate RAhes "6 AR =y npl est case, the

upper | apesimpliditydFsapdciigseel dlloweSr Abrehtaich e ity in design

| ayer includes lines in colums (e.g., orthogonal).

Th and gonstragtionoriihe sqnsingrdsvise gvi dogva o gxemple, the sensing device 72
oper gﬁ%%a%&f‘%e@rlfo da ch{a@%‘% P gegf)éaﬁga?aﬁlcpuﬁl Juk capac1tance each of

20¢C a;ﬂm‘,‘sehsmg byintsoldpis @mm@edt hearciolividigl diargdﬁleelectrode As an object
i nterse approaches the surface

bj
t h@PRIY s B8 Sél?sﬁce ?ﬂ@ 6%]0 Eereem Pt PRiECiappidee qoealp%eﬁéo those
r OWRcBbddsh okl gfo%ﬁﬁfd' Rﬂﬁe loBjett @SR t%éh %Héréeoav&egﬁfr%m the

obj ect thereby steal ihg charge amay ron1 OWs “an
t heleefrodes. Ihe amhmfschatgem kehch dffttke eletttndes afe mémngpd byrthe

ci SEHTIEARRE 10,5 BFRTHEe T BULtE PEU TGRS AR e pihen they touch the
25 ObjiRfeh ScreBenot ﬁ?ﬂluﬁﬁ}‘@iﬂ)a&bﬁlcé QHE benSib R %icd 92 nlfdhgdes% tv® layer

a partial top view of a transparent nultiple point
t oguid of spasiety seBratedlinescwvdeasc én VhetShmphst oasdgdizch et layér

t t
s PSRt PO Rt e Yo o SRR s f Pyt e,
SChaRs gcﬁllagV\ﬁl“hb Rerfsk mﬁts A Grdprovided Attht iReisBdtione UEthe rows and
screen 100 i s capab sensing the position and the

pr é8limne. Hruripg |0pf~‘r|§t1@n db? myessrg charped angrthe charge capatigively couples
30 Pakd fh%lé ﬁﬁnr}soaﬁf'ﬁp: 13{%%8%8{1‘0111. Ogs émS ol%gst%%p%gcﬁc’eg ltfle surface of the touch

screen, the object capacitive couples to the rows at the intersections in close

proximity to the object thereby stealing charge away from the rows and therefore the

columns as well. The amount of charge in each of the columns is measured by the
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capaci tance and thus it includes a plurality of

transparent capacitive sensing el ectrodes 102, which
weamh/11ep esent different coordinates in the pP@nesSwhHs/014364

the touch screen 100. The el ectrodes 102 are

configured to receive capacitive input fromone or

N PRISHIY WELE 7€ do dpiering e pesifons €€ mediipla objepty whiga they touch the

Vi he el ectrodes 102. When an object is

r%&?h%¥§8é%6electrode 102, the object steals charge

t her eby Fad. feeis hipagial 19 G@PaE h trangarat nultéplebeigt toade screen 100, in

102. The el ectrodes 102 are connected to a capacitive

s e ASGORERIE 6 (i ane Embodment ghthearssat inpentionaByayay of example, the

po%&chgpl%gn o HA 812&&1.]'_% e{ Ct r og sér@& &B@sﬁlelg Figs. 2 and

art electrodes are space
apér {The mdtipent tooclesceestri0Oas b@pab&dfaemsmgmmpbsmnm eatthe pressure

?E)B P’ﬁ‘gtll}l?] ng§@§ §bt&1F ,Sgl‘gg\élm%g is a(ig%%o é@(%ie&age%tl%l()){s based on self
pr efRicaRl ABdRsSMBRkludsOa ﬁﬁlreﬁf@y HPfféIYEHEI%nf adifiPS béﬁgmg

area and to mnimze optical diffe ces between the
spaletradasd 10Bewhich macpianeprvsemIdétfctrmtd:esrd1mf:ss1hcbhmplan¢1ef the touch

sense t 1 ar.e ted f el ectrode 102 t0
107 pacigrl@F one g Rife KL eR Sarf et Rrisrav rapoidve et iom one or
c Oﬁ[b%b deth @odchRigGRORfubh kitBerS BISInARe Giclrftyl df tHOGectidags 102.
Ea0|t|ve sensing circuit 104 includes one or nore

ancdjact & prpgimateaseleeraded Oaatba@bleamgalachaegﬁ:tﬂaereby

R

Jfa@ftlv%&@ﬁ@ﬂ@cﬁdmﬁtvlmtthﬁohgh aaedsa96 ¢ aﬁd sl/cfbn%d anlegaps 108
ital data and thereafter transmt the dl)x&&/tal

15 dalf \hetweendbe spacedarart Jecdrodes 1 0% ohha deqtendes pgsare spaced apart
n.uﬂpi?lrdelo eg&,?rﬁaéﬁ"l 155%@?@12?01?\1' %gh 51% 2 %@mé go’r prgvide a space for

S ng e use

muképapdtely Gbutps thayerde trassd 060 rrha gﬁ}b mg$ & PefegibOEmadd small so as
el ectrodes. In npst cases, the sensar 1 Cs 110 report
tr é&:waﬁl@ué? e sersingaies prchiognmimizs opfiesl differprnes b@meen the space

Poshd iRNrRk aIrx'—E}ﬁ Eéc{erg gode 102 and the intensity of the

capamtanc el ectrode 102. The el ectrodes 102,
20traces m&hawd me se_msa tracésri®biate Hddedair@m gecteeladttode 102 to the sides

di s n an | ransm ssi ve, nmepber 112. 1In, .
st %83% SC{@}%?@{& ’éﬂ §Y e LRERRCSS @éﬂb gifivq gensing circuit

f on PRATAE O4Pasitich ‘§8{51r§9rﬁ1%ﬁit abs Mﬁhe@%mg b@ﬁl%reosrenﬁﬂr"’@ts I1 GEO that
The el ectrode 10 traces 106 may be placed on

me lmaexurq i aapiacignemat esch tlattkalepg A2 tand hat gépects mis qimdmgs or some

il & o TG Cor BT ohBeeeit a0 Haaor Pl ffyert the

25C aﬁneﬂ@g BRABItIVE Q1A Yo aisithPdi£arld ABRRAESRnsHANHY ﬁig'lt‘d?data over a
material. By way of exanple, the electrodes 102 and

t r aered b!@@ arﬂ@@st b@lthékrreﬂnY awmberrafisensor IGs mry de ueﬂd@or example,

104 S 0P el BE B sl Rl B RLR8 GRS o

us kidgleadt\er&up dfaiddctrotl €k MAintiEe ased, ThO§HRsdI s arm mépm t%bklng
t he sensor 'Cs 110 are placed directly on the nmenb

11igpale; phichpis)a fuppticineltied therepidinn wf Hici cderiroge {0agnd the
30 €l Elﬁéﬂsﬁty of tﬁoﬁggcqtahge atthFfe electrode 102.

The electrodes 102, traces 106 and sensing circuit 104 are generally disposed
on an optical transmissive member 112. In most cases, the optically transmissive
member 112 is formed from a clear material such as glass or plastic. The electrode
102 and traces 106 may be placed on the member 112 using any suitable patterning
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menber 112, and the sensor I1Cs 110 are attached to the
flex circuit. In yet another inplenentation, a flex

W@ 208114369 s bonded to the nenber 112, a PCB i sSPODOS®AS/014364
to the flex circuit and the sensor ICs 110 are

attached to_the PCB. The sensor ICs may for exanple
caprehiigye ackuding fy em@p@uéffpoaémﬂmglan&mltag eod 8 ltky? The

ST, 308 P SR By Wi

eI eotiduedes mh@ziairaBy beywif deigple athe eltctrédes 102 ang krecest]lﬁ)é may be
ctraodes 102 may be positioned. al npst anywhere |

héotgied g indiya tt“dt]‘é‘i? dEPL el afgiionTHie senscs tl%a&ofltbg sensing
5 ma)éuaﬁt POSLd m&tﬁmg@%\d%me ko ’%hﬁ tfcBefd &&ﬁgﬁw%féﬁé n

about the touch scree regar ater,
t héecpogjues. on cpf inplenehetionodie serIBGQIGsalyl Ochf@phded)dmtcﬂg on the

coordi.na use For. e t el ectr.odes
T 0 L2 R B T Gt i B iR, At Lol o the
Ca&ﬁe%%eam:%a%@@h@& IQfs 130 2R dt@Y¥heA to TRNASNE Fdufit, %‘%t another
radi al segnents or polar coordinates. Wthin each

ar nraplemh@tlpm,v%ﬂe&@mumms bongtsd de thermcmbﬂ:r I8da BCB is bonded to the

ot Rer CrB TR0 sBy ST ESC E AL ErR R LA 1Eg may fo

t h%x:ﬁhlﬂ@fb% capithhéd @ndinkYCs Yhchhis fh@e ekhnih HOhRE] Eﬁgyﬁ'ﬂ@tlcs of San
or within each concentric or radial segnent,

el deser bdeFnEervarsy BENsYalgBE«s AJps of $alose. LAt i ve to
an_adj aﬁggtd%s%]ltﬁﬁf El%q?heléi% trod?g i&eﬁlgg'bg Wl(\%;iz t Illee(P tlfog%fe(gmple, the

102 dfrom a er ‘sinple

( e eBctrodeluadL esay I8 positRmed aMedss an}thhe&ﬂ@ﬂ tas plahe ©f ﬂf&gtbt&ﬁh screen
pol gons and the like) or conmplex (e.g., ran
15shéé

sYhe elgetrodes 182 may betmélt@a@fb@néq’mlw ia Iaé’@ftFCGbPé attern about
gj'i()?l}e%ﬂcﬂ]ﬂ:\{ n 1%nt\¥g}?k @anp? zh,eqate} Ry ]g&@t?OIﬂ?IVtﬁ% ele%trodes 102 may

erent shapes oneé 's
1Oﬂepm1yl dmahec@orﬂlnla&tsysthmpﬁedth d)reexan@m drecklsgitoded 102 may be
el ectrodes 102 i % secgyd shape that is
di P a&? A HEY @ %WF Prd golumgs) or ﬁﬁtsﬂ% spRIdingjeg or an array of

gepsi@hii¢ a?ﬁcl‘é(ﬁﬁl BRI Ftarl oG BEAS, r\g'ltﬁfne&cﬂ ng 3% Phe rows,

mnimze optical differences between the gaps an
20 t r avlspus covncaitac br cded segnmenddiaihy be stackddainsiormlyoklatie to the

e BtPert Ty BE FakBirde SEE et el o b ERSCAghiopgy, within

el %ﬁhrr@@‘%% bRt O WEERPELS cbRcARRM: rhiigl s%'gﬁfénpfth@electrodes 102
finger tip. For exanple, the size of the €l ectrodes

10maydy strggeinst loe offsctaelatve 10-26 adjmentlerlﬁcmotleﬂOZ;as es, the

of “the. FrHBRRFr o qo s 15 Bed TR rdies i ol S fhoee

25 t owgBthe£siaple &0, {ubes, fdmauﬁro@w tri el o R 618N §168) poTygdRE, @nd the
el ectrodes at any one tine ther eby enabl i ng

i nlikpyggicamplay (e &i I@@dﬁméh‘éﬂ%b gljurthiep étﬂ!;ﬂ];z%shape ofthe electrodes 102
L tE O e ——

beeleaﬂr@:EiS 10@ amydnot Bﬂrst%ﬁﬁpd)\f/h@é £6dcbndl e oI QRctrodes 102 may have a
Mor eover, ﬁ tnurrb r of electrodes 102 nay be used
a

Theeorudpape shatds difereny g thofisssshappi The ﬁlgapa@@r@rgwereuy chosen to
30 OY nfalfiniSt A Rhsih@Greh IHE B SELRE hal differences between the gaps and

the transparent electrodes.

In addition, the size of the electrodes 102 may vary according to the specific
needs of each device. In some cases, the size of the electrodes 102 corresponds to
about the size of a finger tip. For example, the size of the electrodes 102 may be on
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as well as the size of each electrode 102. I n npst

cases, it would be desirable to i ncrease the nunber of
W(ems)umdses 102 so as to provide higher resol upPCDIS2005/014364

i.e., nore informati on can be used for such things as

accel eration. Although the sense traces 106 can be
r otheetder qfalr$ amy2. ofn absrsasashidy sie of thesilecdtodys 1A are gmjaHer than

bet Ce\:sréznet (e 1%%% %fslogag di St g@ ge%?lltljlﬁgl)f oP ﬁl\é%oﬁc% cfe%%ﬁbo (the

ensor CcCi rc

1Oﬁngamzlnﬁ1hmenbem sﬁmbfeeeledt@aepﬁt anpengapte tlh&%biz onHbling
bet ween_  adj acent el ectrodes 102. The width of t

sefdePplaten)s Liletherbapassenizaof fhesedtodes Tizemay bg ifigntical or they
B A L

t r acted cl0tiodasrid2t Meosdoxer, afiy hinabgad e]ldb&odldfsrl(ﬁlZghaW\lei mcied The
they trave i s _generally des to maximz

wi GEmeeist %ﬁtrgé%ﬁqw?ﬂﬁévabé%allyo’@tqnﬁm@ﬁgwh% SZﬁﬁfdhﬁﬁ%htSﬁ@en 100
CouERAGs tﬂé%zcéeof{eﬁéh OB dkA9)! 'ﬁ?ﬁ% | ciagése ﬁtvlzdlﬂd Be R¥iGble to

uni formoptical appearance. In 't l'ustrated
enbhooéase tite, nuptber ef eettralte$02 @Qasaﬂoeprmde higheedsolntien, i.e., more

pi Xi at d arr sho e ele trodes 102 are

10 o ittt th BF 336 ok SOG4t GRG0 {1 om t he
si des OfAIihBQ%ﬁ M GBnRAFREN P HAITbiked a%ﬁ@tyro‘f\%ajyg Ghey are
the identic el ectrodes 102 are spaced apart and

podiri¢adlyeoutediemaniey thasredvicosethe distamec élmythaw tqgaxgl between their

. Eurth st ac
| o6teaRSAS e s SRARGyiioh, fdRecieRedt el A1 T6s gips 108
Th EoriNReydohadfsedtQectioBed T2 Elhel WidtHeY tHe Rshsd aacefsqroee@e also
bet ween adj acent rows 106. The sense traces 106 fo

15 ea@hdfi‘lb\?(ﬁfa?de Theuvidéhsi ate geusralyrdesarapneddiyr the aingnst, ofrhérge being
to ﬁ?sﬁ‘ll'}lﬁgft%g eéﬂl%}[lgﬂ’l iy Sltu%é%gon flhaégﬁ et{agggsll](f?g alg&h gle tsgzéto%ghe gap

a sensor ocat e

sensgthiroadeshitRthegrtrdvee 0id@hellgddesifablde miOmiZEGhé@tvidths of
routed to anot her sensor 1 C 110 |ocated on the ri

t
si adiagant fraeest1Hgam oxder txmaxigyze theicgveragyyaside thy gﬁpﬁ%% thereby

th ?ﬁ] 116. The gap 108 may
orgregglg ﬁ-ﬁ) %Rﬁl dgﬁlc\ég S%ﬁ%'m crons. As should be
20 appr eci ért thd il b dhetesipmaeslitheityshe slecheddsrid2 ese pcmmcﬁiea@lka pixilated

t hereby creati | arge_gap between el ectrodes.
r odted S dherlectioies 8%@%’1051%%@%1&5885 d flept sétend to and

subg kAt isRlek ¥r e Lﬂ@lcﬁ%cfe@ﬁ Ul @@yWﬁ'ﬁxg ddGokne f6, ﬁ%g&éﬁtﬂ'cﬁrélectrodes

of the touch screen. Mreover S ape 0
eI @02 amd;@ac:le(dzapsrt iand phmtlérmdriat@falla rpiatiat toedrxeginamer G, juxtaposed).

AL O LR .

25 P ?Tgﬁﬁlaie@%%y SThE §éhsd Alees! M6ASERERANE @hé"gafpg 1@9 €ormed between
odi rent of the present invention.

enbdideantraws 10fe Thewrehsesicacee h0aL fod epch l@inrB acputt:cblrt th@ dlfferent

touch _scre 100 n_Fi ve unl i
L odire BEF eahe i BRegh b onf ik o DATRYE 1o ropdigensor 10
I N 1H BeatédioAGhd ReSi® £EthOSDSe fdeks WOE ldndhd étﬁéﬁﬁ&e of the row 116
sizes. As shown, the electrodes 122 |ocated in the
are routed to another sensor IC 110 located on the right side of the touch screen 100.
30  This is done to minimize the gap 108 formed between rows 116. The gap 108 may
for example be held to about 20 microns. As should be appreciated, the spaces
between the traces can stack thereby creating a large gap between electrodes. If
routed to one side, the size of the space would be substantially doubled thereby
reducing the resolution of the touch screen. Moreover, the shape of the electrode 102
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center of the touch screen 120 are larger than the
el ectrodes 122 | ocated at the sides of the touch

w@eeem3i®0. I n fact, the height of the el ectrpdEESDHAR014364

15

gets correspondingly small er when noving fromthe

center to the edge of the touch screen 120. This is
dofseinttiee feakeofrrgomlfebrgratheandanere partigbslyronpraiageam ivad sloping
frog)the sides of the nore centrally |ocated

el &t¥odes 122. This arrangenent advant ageously

r educes Fidhg igapaftaurg il e e fradghanseniultl puvat thdbh &freen 120, in
el ect rodes 122@ Altﬁ%ugh t he hgﬁght of each el ectrode

12 ccortanar ¥ithiame epbogipentiobtheirsepigiy apenadn s pmpediment, the
sth

o N gou\éq&g Jéeﬂ"{ g(i 1s%?tﬁﬁ%retl) (ﬂﬁet t%ﬁﬂfsc}%e%t %2%¥§vvh hlggf%fag?hox{/&er, unlike

s uldfettamh Si:i‘ée)ll 1®Qldﬁ[Flg 0, tH&eoM)lhd;bi‘BeﬁleG ahdwleirelﬁtgr Dileludes
For exa t he helght of the row 126 and the

w. sleﬁtre#eSéa% ﬁwtch  dPRBkRZes) Asshgwhethgslgirodesiig2ilocaiginithe
S %ﬂtelj: df9he %ub s&ieér{ P arf lla‘?éé'}tthé}ﬂpé Sf‘e\@‘troélég 19598 chted at the sides of

sectlon (0] plray arrang I N accordance
Wi the tomneh &Erdmdaﬁeﬂim faof, thdleei ghited et eleatroelng i Zhgetd b@respondingly

dis I rran ement 1 O i ncl udes an display 1 .

angmaliar TRE Fomhe sart baRee A% RSk wten D0 s s
13aoneTﬂ3%£1&%Bme6f ﬁ%@eﬁ@%rafc&{ lﬁ%dﬁq_ﬁq?&ﬁ@ﬁ@ﬁﬂ& df%e more
t he touch screen shown in Fi . 6 or

d| sgitaiiflyi@@tﬂweqtmdpek% ribhis @rrargemumcbznnﬁagcmislyu@duces the gap

ai S-SRl eitPy 06 p{kdRER 180 ARGHRne Reiehi St cach

| NelebElb 0122 shtikR, W%htl}ﬁﬂﬁdhe 601186 i kil of kel Tdth WRof each
layer of liquid crystal cells, a color filter and the

i Rlecterﬁel Vtrsls thesesesn e corfigiiation therheight af thetrow 126 is
rerleglgbtesﬁa%ﬂglé_y Sy gto g éNtslﬁ]tﬁéorgte%? %Ié}old% rﬁg @ére %@?x}pq% ﬁﬁe ]?elght of the
t heov C2% dlild:’ﬂhlea?Mdﬂilg(E eath électidile 128 ndayisy dbo@d &fm tdigbout 5 mm.
touch screen 134. In either case, the glass nenber 138

| s a reFig Puep frophelevationaae.an crase sactign a4 8 display arrangement 130,

Praf fc%gﬁiahae Rh %Hé &(ﬁﬁl@h{ Qﬂgg Bfé%%ﬁ ’11%%&{1@? PhéEdi p]taxe

exerte tOUC Screen ness O

20 gl aﬁ*alg‘e?ﬁréhet?)()].i&SluﬂBs/arf DCDedgip} B3 20mdabwuth soreeh 13dpositioned

25

30

nost ¢ ses the el ectrode | ayer 136 is dlsposed on the
gl %% thehbDrdisplay 437 th%@P?laﬁﬂreer&m@hg%ﬁﬁeﬁp ccoramen yethe

Meffich &lided Afl‘g)v@?lhtfg g 7t aGRMEY afsﬁquaz 5oy CBQean%&dgg any

printing. hough not shown, 1n so cases,
necmatignai thbdﬂsplah knexlmm thedet Iﬁdﬂmugﬂﬁﬁt shuoWIn the LCD display
rove

i P lied a1V i s hSreseB L o ine flers,

apR1BLt 8f Behid tRRtY8A%E, h 66t BflLalMESRKE! ect rodes and
tracés do not have the same optical index as the

el ect r odés tamell seneeir €34 inghides hiresporest electederlaydr 1Aahaés

needed rovi de a re im,)ar o al dex. B

of PSR SY e R Fi 5 oRe s piosts a8 metihg Rptigh of the
SCLe®Ndi dﬁéy abserit ﬂ?dy%%spoﬁtl&{ Ot 86 tdi¢R sER¥E 1 34 hRRithdAbhse, the
di sposed over the electrode |ayer 136. The el ectrode

| aglaps mgBbeis] 18ie patlatiecly Hnelnpictroel deargdasa thahprotects the display
132 from forces, which are exerted on the touch screen 134. The thickness of the

glass member 138 may for example be about 2 mm. In most cases, the electrode
layer 136 is disposed on the glass member 138 using suitable transparent conductive
materials and patterning techniques such as ITO and printing.  Although not shown,
In some cases, it may be necessary to coat the electrode layer 136 with a material of
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gl ass nenber 138 and the protective cover sheet 140.
The protective sheet 140 serves to protect the under
wo agoensi3end provide a surface for all ow ng an POJ/E81005/014364
slide thereon. The protective sheet 140 al so provides
an insulating | ayer between the object and the
el elmltaod@racayemdmm infirevepthetvésupl appeatanes ofshetsuch 4geen. As

R SRS L Sl 5 v

su lszhﬂ@blyuaahirﬂei 8s ﬁﬂele@eftrt)@és S ftfac6d, 8Ad (Rt T6lera0d terial may be
coupling. By way of exanple, the t hi ckness of the

c oveqded feprovide: mexprsémijeitapdienl indioutBWay obexgmate, index matching
dth?n t@g protective cover sheet 140 may be
tr Peof1 % %oatlngs to reduce sticktion when
tL oCl[J) C 3' nqlha ttdlfg g&@s@ 13 ars@ mMiﬁlBs El Fﬁmad’n@'etcbﬁerwhd@ rnuyidisposed over
i spl ay
st ﬂ@keﬂ@%r@ﬂa fRver F3. | E@tﬂ@t‘émé@ éweh &3 G_Lkﬁzh%%% sagdpliched between the
!
1 ngaiggs Hlt%ﬁé)lg% g_ﬁ a;ﬁgcﬁ% PIJO%%EH@IS%%? léﬂ&:t 1'1?6 e’fﬁecn]%{o%gﬁs\é%ﬁ)é@{ 140
shesiles togproettate tuddr ldyerssmdgreddes smltfadas&yr dewing an object to slide
alternatjvely or additi |1y patterned on e .
10 B%Géfm e pisvastive passt 1 40rglso Pf'i'oéfl e§ ap dnsyl %gﬁweéwt&fﬁe%the object
t r t
w I SR o POl PGl 81 288 B 1401nR 60108 from any
vvayulta‘blesodearphd aierlzatl lsaclt anliglhss%d péﬁ?dﬁﬂherm«yte@emeroad kit gheet 140 is
corr.espon e to screen of F and 4.
Cn PR e fogillon o PGB dasiads cergdhe é—g»'sswazf AEexegRl, the
SC ﬁﬁﬁ{heﬁ offth8 coer @ﬁée‘t 14Fma Pl% beRNeR Rbodfo. My, @ﬁhn In addition, the
capaci tance rather than self capacitance. As shown,
15 t heratentivh cgearesbeet 180 mary&eatt@@damﬂmmaltlag%to rgduag stitktion when
spat i r at | ines. or 152, Sst. C
¢ hiiRingtind E6RR RS b A PieRing b6 Roctas LERIREHaT REF By way of
Fuek 4851804 B stickho ikt fdﬂe@lmxfd‘@raﬁﬂg 141 339 Be appleed dvieehe cover
152 on the different layers are configured to

i neleges &4Q. SHtheugbgbe plactrdsdpyar d 3piviyniselly nptrsned ethe glass
sensi , i C . pr
co AL S Ty R G BRI el b b BB vy
20 Nod@ditidBdlyarateten bh ghy Bdtcciivé @SRl iRseE 8mCI ti ve i nput
froman_obj ect touching the touch screen 150 in the
w ci ni t YVisP 18 Aéomuaw of 3Arangiresnt aplepgiaictoushssosgesdiShakie
b
csicd ikt P B S Rh R e BISEA T leBBRE My way of oxamle,
eI ﬂhﬂbﬁﬂﬁscrédna Sblmmsge%&llg moﬂes‘pfoﬁd Wthelt@g(ﬁfs%re@ﬁ ¥ 81 gsv\b and 4.
Hﬂg‘k t fu ctions f |l ines 152Ad é
¢ terfap W@B@how i Blep 55 s Gt sgiecpt it gtlizes the
2 158&&@0&@@&@& HARRGLS ARRE 1EAUBI oG A RAUL Bbwhfie touch
nodes t cases, the top layer provi
dr s&muglﬁ(] mehldmwmhybregddﬁ spetidlynchaypted limes ot dass tiﬁb In most
sensi ng[

cofimgstthy il{lﬁ o2 Betaglg eyglg%r:e \égr t%r{]esq?gaggq; Lwinprmore although in
s e pATRéif p¥an@E, tNEBndsNS 2 GAthe Hfffe}éi{t HGR L8 Rurdd¥® intersect or

driving I'i nes 152A. That is, the stinmulus is only
happesimerdenteprrahiee ICamltVWwbl@llw nodek d St vinlaich paqlnergpms@t different

d d
30 3o SN T LERE AR P nClo S Bn i s E b ol R0 Ebnbgrea o

receive capacitive input from an object touching the touch screen 150 in the vicinity

L

of the node 154. When an object is proximate the node 154, the object steals charge
thereby affecting the capacitance at the node 154.
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capacitive sensing circuit (not shown) that
conti nuously senses all of the sensing lines 152B
W@ 2008ays65ensi ng). When driven, the charge on PE¢EUS2005/014364
driving line 152A capacitively couples to the
I ntersecting sensing |ines 152B through the nodes 154
and theTe a:ﬂﬁéoorattq: Ve Bieasdlisa @ndlﬁ@nntﬂasm suge Vo dkfferqrﬁ gunctions.

sepsi ng | Ther.eaft

cir (e RS IFHRES 1528 3k PR orey DT BUF e SRRt tnes
nexs2m.lednsedhelchpritdicdAotpRacattcaiebythe QU@éselth thﬁﬁt cases, the top
intersecting sensing |ines 152B through the nodes 154

antryehroglsd derdrivdn g s 1éaAdvh1kﬁ}h@ beiéprg dayen provistes flpesensing
5 Seﬂﬁésn % l}% g t(i]r?gr? 1@«15‘1%5 :Jrg Lo@é‘ﬂ&ﬁ tg' 398 oarrcle \%%t.shown)

sequen i nes have

Ongeait sdpardidle driveethe Eﬁﬁ&lthﬁ%&glbea&jh dfthe/éfiving hﬁe§E‘1‘ﬂAB ﬁEI&lt is, the
starts over (continuously repeats)._ |n nost, cases,
| i Blagulys sy éa@@au@ﬁveapmethwk%al% theathsndings ¢ arcamded They

LhE, g%@‘?ﬁ&%& s g:?lg/ 1 NS GARAGL. tTlYeeseﬁgiﬁg'll %gs P%Zr]?é‘ﬂetconnected toa

typically Inc one or nore sensor at neasur
t heapzapizve istmsitgecirauitgactshofvn) thet semisiiogsly seness db@Bhamshsing lines
orts its findings to a host controller. The

th
105 i@@éﬁﬁ&%Y%ﬁyﬂP&} exanpl e convert the anal og
C apaci tiyiensirffea! e Eﬁ’argé gh iRl dr%gahﬁ’équﬂﬁt‘@z[p%@iftﬁ/@ﬁy cou les to the

transmt the dlglta data over a serial bus to a
C ontt¢re¢dtlag sersmyg Imastie2B dhros ginhemold &1 ieandtbe uwdltIVE@cnsmg

S | C may. be d for all. lines, _or .
e P S SR sl TS LSRG el gl g b rivine
of 1ihé NEBA id dHVERSAndCRAS 8Bargt B t1RANRSPUriVikS hiliél 9578 I@Q%afcltlvely couples
tracking S|gnals whi ch are a function of both

15 potl the diferseotingesense ling4l 53Rdhrongh e eadss £ §4 ad theapacitive
ca e%%{nltgacrl]r%glt %gnsteg] gll e ﬁil% S%I15S411n 1-1rnhe% 1lsb§es glﬁ%ﬁ?l s haéagens
gehérall I'Sposed” on~oneé "or° nmot e op {1 84 ransm ssive

me éﬁtlal 96tif ar medinks 0 AheSRen k’lﬁfvéﬁ | @hcesaltihedimegl 5% have
or plastic. By way of exanple, the lines 152 may be

pl Besadlrienohis SeqUsRCa stadsOST (QOENYQHY ToRADr In%)swases the
h |
1 o5 HeTY e ReBERRAICRridkh hEhEale JEIBThE oietne 0. | L 0PS

20 pat t er niThg ci;earchmeqm@mgﬂ@idmdl tigicaldr 1ne]>(16,&'pd>rfe, or more sensor ICs that
depositign, etching, printing and th

FuFr’ceﬁ%F?rH‘reeCaP%‘@nW Wé@dl gbthe SeNsHg %@aéSle@ﬁﬁi Sy reports its ﬁndmgs

su a Vs

S SRS ERPATECLCAe i FRABEL Sl RUSIICE i

(| §ighals Tchéigdali daitm@dl theresftarI2aMsmaitehd (jagltmlaiatayom apbea bueto a host

t he vol.tage sour a fI it 158 and

¢ heontEler nany PRmber fen%?? Eci ey swwf %ﬁﬁ?{@ap 2 gqigor IC may be
25 SESdNGr &l [ifsY by mﬂﬁ%l%@orﬁ@% bh 5 eAlsky f&rrbesn’?ﬁ@ §1O%roh£:%f lines. In

through a flex circuit 158B. Thé sensor
at twehedes, thessepsardCed 1@ fapodittacking rsrgn@]@OB)uch are a function of both

t I I d d "
on ER st HeissR RE ARG freureni RLadti B gl BRinals 154
158B. Tirge 8héd 15204tk ioorbraly diboskd BE Snd S2mBRYogIR aM H8Yssive
varied. For exanple, the lines 152 nay be positioned

al mssibesniiftierraed Fomipeclesr appserof] sedheastglassior plaseenBY 5@y of

Th gxample, the lines 152 may be placed on opposing sides of the same member 156 or
they may bé placed on different members 156. The lines 152 may be placed on the
member 156 using any suitable patterning technique including for example,
deposition, etching, printing and the like. Furthermore, the lines152 can be made

from any suitable transparent conductive material. By way of example, the lines may
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lines 152 may be positioned randomy or in a
particul ar pattern about the touch screen 150. Wth

WO eganoset o the |ater, the position of the |inEST/LSR05/014364
may depend on the coordinate systemused. For exanple,

the lines 152 may be placed in rows and col ums for
Cafot: dwined foon nrdilmrattlespxme @60y ehhg driving Jingnkd %@tﬁéyplyally coupled

oIa coordl en. usi n
e P BN adeR bRk e a L R A R B FosbledlF som e
r ekgdidalls dofpled o afe%ﬁbemfg cifuiit, emmibtsaparﬁaﬂaﬂm sb@or ICs through
vertical, horizontal or dlagonal Furt her nore

I ﬁéengguws%eTh@ perser IGsansabapstacherip agmiyied slymtwrd (PCB).
S reg bR oY i PP pEOEL TS AaERE Y S prehs

same or
rmyhmhﬁaemgatteeﬂé)e&mﬁrtsgectl l'i near and curvili near
Further still, the shape of the qpposing line

have id gﬂ?f? |dbS§Fle§W§F9é $heglines Hé% W}beﬁﬁl@@}’dﬁaﬂf?@r E?ﬁ example the lines
S h@@? §r1 go%@ﬁpd QH‘IOEP R)W elv 1 | ne Qﬁéof@¥ t&ﬁﬁ%m%en 150. The

first ave second
shipes Ifh?alhay be ﬁosﬁﬁmedrmnddndy ot ea patrnsmla]sﬂsmwm aBEime the touch screen

ge t of the I|n i new S an
Spachn@itiiagards (g aige g@l@?ﬁ\t}%ﬁl@é&w Wéqég engkon the
t h@o&‘dﬁﬁ% Wsfehi ﬁbeﬁa‘FBr é}%}r‘ ')le MRY1RS 1159 ey lfeaﬂla&'& in rows and
di fferent, "and further, e ‘geonetry of the [1nes for
bophluhmy éolsleabe:oontMﬂtevsaalcomelmcfaﬂg raethtadlﬁyy faayolef

exa new dt hs of the sensi 152B t

ar COTGie o QU sy Sy e AP oot gy tiay Be placed a

VDK BOMBI an g R Yel NEIB one fand thBE Fok eRariBl, 8y Hi§he viettida horizontal

general ly belleved that the nunmber of lines'is
15de9éﬁ@éhmﬂon the desired resolutlon of the touch

screen %‘?xgh EH{"E s 1%? mapfh ot 5‘ lfromf ke hst a Sfla JEWhether

be iden eren e nu ine

typdctisihéar ofl @ﬁl&fﬂiﬂe@fﬂ dTiylindl@nShle]a ?Er hhebé Qié%ﬁm%‘b& @ffferent. For
as well as the desired pitch and [inew dths of the

| i feamplshe lines nay Fl]tfm}%t? paitvegn eorbibiaraend curvilénaar.i Gyrthgr still, the
I : HIZ% ch%gl@ ﬁf %SIB & H 131%2 gatllgr:ld%lgtyﬁl 5}&8?{1&%11«3{5 Hl%&l M8ve different

20 pesipesli Eod e&ﬁmtpdb tﬁeedrnﬁﬂ@lméﬁhﬁa}r h‘.aw acfitbteshdpe while the sensmg lines
horlz?ntally tQ the sid ouch screen 150

t N & SLsond ShRRFRRtiE atffeyert thatlﬁbe figshshang. Hbe ge@ma%fy of the
thentopeh. %I‘zrlﬁféallcﬂtﬁgand: 3&1&1@21%% leo% !iél Sutich. hfhe{I bmetry of

he set o i nes 152A a ar e nt and
pi tiehlifes withéd eaxh layen amy]ﬁZ@ermaaﬂ cilrﬁﬁiBemme amiqﬁathet thogemetry of

t cases, the I ths of the sensin
Elﬂtsﬁfe”%ﬁg AYEIS JRgY b dRntiakor i ﬁtgwn B Wap of peatiple, the
25 dr 'hi'ié\ﬂﬂltﬂs' JTeRe e 18BY¥s YOB Qf drfi% 51?'5‘111& 15D REMBY B:QJ?: aotfatlo of about

the driving and sensing lines 1 may be about
thé:l.i newi dths of the driving lines 152A may be about

1.05 nd the |ine of he enS| g l.i nes B..
may be MBER D 2y THALeRbf e o1 it PEeraiR oetieved that
152d ungtie B lindsak déﬁenﬂéﬁtfdﬁrtﬁ@ﬂesnE@ tesemi@sﬁlo@thet o RELscRERN 150.

be about 38 drivi n%
The number of lines within each layer may be identical or different. The number of.

30 lines is typically determined by the size of the touch screen as well as the desired
pitch and linewidths of the lines 152.
In the illustrated embodiment, the driving lines 152A are positioned in rows
and the sensing lines 152B are positioned in columns that are perpendicular to the
rows. The rows extend horizontally to the sides of the touch screen 150 and the
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i nes and about 50 sensing lines. As nentioned above,

the lines in order to formsem -transparent conductors
woemoghassy filmor plastic, may be patterned wWweTUsaw05/014364

ITOnmaterial. This is generally acconplished by

depositing an I TO | ayer over the substrate surface,

andPolurns Bensteriqaly sawdy toippid erttonppf thréouchocteay dpO.i n

or %h%ﬁn%l@r%ﬁi gwglltl#et%ﬁ tlé%efm%ﬂeg lg)fA aRRY §58 %1t— ecﬁffelteg? and the
areas wth 1 en 0 have | ower transparency‘% an

t hepi@h dassenwof leugtl 5L AQnd THRB arsSeqaher d@lelayiolh@s SIn most cases, the
desi rab(&tg%{){)r the user as the user can djsti nt%ui sh the

i BeW the sglsinecince he#le Bes Mssh than te lingwidths of the driving lines
attsenn Tt Sy :
e oA sy LIPLESRRe A A UL Sy A Dhng 152 ey o

pr cpeuntt§ me, tHolidawitthe of theatrmidgalires tIiR A mayold hout 1106 mm and the

I TQ material is typicall lied . in a nney t hat
o Qtmihd, 1 o SenstB e 058 BB et 2R Mordover, the number
unfe@ninbd 83 2inVeatio WyELs iasfiaasae P{OFQ(atn?r%g,stlh%@ g?%reﬁreea?rgut 38 driving

transparent than high resistance |
pr dipemend swubfOsensmgtlinened probl em the dead areas
bet ween the | TO be.filled w.th indexing nmatchin

10 at erial S’.mFIF{loélﬁgf%ﬁ%vre’ e BsF Hepder tPaFBWé FGW%E?PSQF‘WBF nductors on
et GiMsBJilaedplailc, @by b8 Battelhdd WIE a8 ¢RO n2dt833. ThiASs generally
uncovered s aces} may be subdivided into unconnec?ed
el é‘é@qmlzllaﬁlhptgb? Hepasiting anfTOOlaper, ovier e subdtatecwaficgrapd shen by

ma | ial epar.at ed pads. ,The

paﬁgﬁg}‘%ﬁ{/ﬁ%ﬁ?@;&%ﬂ&pgﬁgi@ q %y(}rﬁer O ITRT RS HIET 208 Houtd be

Wi dppreciatedt the rarmk eyitht ITO Rad o Bive 16w 8 tealshateli®0Bas Rl dreas

to reduce thejr .inpact on the capacitive neasurenments.
15 ThivathoBe Hiff-q iis iy eesinlly less depimble toa thewesenppibanasrcen @istinguish

th j j Phi .

| o e Do A Apactd IR Y 0l PRl SOt pdctle it

belvisihle thetrétat proteippn eluchisdrberd with thdesirable 9pticilPréperties. To

uni f orm opti cal rfég%der and therefore

nomdIi P5HTRAR IS RIOPIRE. {hedde) majspalis Ayl appligbin a manner that
M BidBueed relflivERLIoRNRLNGACE %&Pﬁjﬁfgﬁﬁlﬁatelgé&\? Pg"isrt]ﬁ{c'e Qfoggnds to be
oat | ng pads

i ndex matching material's ahd unconnect
20 rayesh éranspetknt fHag higtOresistaacepliQ.i al front el evati on

! acolHEHEE RTETT e RGP HAR Rop e Leaaaeas bétween the
| NYEOthBbe AINROK SRR RETRAGEAE Batekid®. ITA %h&ﬂ%serf%b .t et, rather

display 172 and a touch screen 174 positioned over
L Cthagi sspplayetchingg awayealt ofithh IEQy the dearhgredsoftheemsupéred spaces) may
corr nd to.the touch, screen. shown in Fig. .9. Th
- B GRRet b Uiea RSt BEERINCA e TR otmueieo sty Seeegrens
25 di splyay petened lw@thtsF@tia'ﬂyt se}sﬁdaiea%@@_ TR pRIB AWy pichBy §dpBrated with

di splay 172 typically includes various |ayers

i néugingn frae wiskles Eerermars the neds ard typiaglly inadesmall to reduce
| ayer. I QU I ]S, laor .filter. and the . .
B st B AR m R, o plehpRls & Mimimize
s etisi apgedray@rof IHSI T BY cicatif®s uhif@Reoptdbretadér MHat is, by seeking
gl ass nenber_ 178, The sensing layer 176 includes a
pl ey depte ¢ uniform sheet of ITO, 1t 1s believed that the panel will function closer to a
30 uniform optical retarder and therefore non-uniformities in the visual appearance will
be minimized. In yet another embodiment, a combination of index matching
materials and unconnected floating pads may be used.
Fig. 10 is a partial front elevation view, in cross section of a display

arrangement 170, in accordance with one embodiment of the present invention. The
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of sensor lines 177 positioned in colums (extend in

and out of the page). The first glass nenber 178 nay
wheooa/1pisse i on of the LCD display 172 or it nmayP@BEUS2005/014364

portion of the touch screen 174. For exanple, it maybe

the front glass of the LCD display 172 or it may be

t hdisplytasiangsrae 130 indhedes gn &SI disblen 1774nd Fhenchsprsen 174

| ayer... ' ically.dispo t

1 788 S I B S TR B R p EPER e correspond

ango fhRttd@hicign SBSN irBigs9. The BOMEdicpisR$72 nay RBiedp@nd to any

necessary to coat the sensor layer 176 with material_ .

of cepygnfignal L&Y display &npygdi thegr§. mplihnngh mpkshpmgy e LCD display

s T3P A5y dheiftes VERDH: OGS idMink FrndBSdi U 251 Rie fiers
I s apagir bf hipeid copsed] cellss acold filfenasl thetiker 182. The
second ass nmenber 182 s positioned over the first .
gl ass BBk g SHgien g tRasparent vEIsing leyrardp dhad is
sa Sheds ol
e L R og 4P T EIREL ¥ pluraity
i nstibasomnigndsdy@ pokigonean cohenmr(extend)incand @i nfthegage). The first

| 17 180, The dri vJ 180 j ncl ud .
1o AP st L oy R S pee of$e oD Eeimedr (Y g be 3 portion of
exiandcr Qrddne 74l Got c@ithib &f afhe HREFRRGRAs of e LCD display 172

(
driving lines 181 are configured to intersect or cross
t her Senayi regthp boldem Bps pbiicttouphedreen 1¢6| Thaisensor loyetdi76 is

to,.form a.plural i f capacitiye .coup|i nodes 182. .

L N SO ks SPBRG 1Y B Rl Py PRauctive
di sRestlk M jdrerla®shrigidier Iisinidcased, itthhebdBdREdaR} ® coat the
and patterning techni ques. Furthernore, in some cases,

15 t SeRsQr lagemobetidamatarigl elsmilanisligetive indey gympragchewishal
ma ' f. sim ive index to inprove the
Vi sﬁ%%a%gﬁgéff’gn%égg%%jéﬁﬁgfgg ' the sensing |ayer is

t ypi cal [The paichecmeed 1 Phalsh énclides b t@hasSentanibiip,laydr 180 that is
shoul.d be noted that in sone cases it m

b
al PeyHaRgdRIey 2 sFcond glass @ﬁmbrsg/l%ﬂ@%@é@%ﬁa%ﬁ@e@b@dﬁa is
gl §§itig§émer th-gl}frst:%%ég @116318663 §9s .1 %ﬁe Qén%ﬁllg' lg)ﬁelr Lﬁg ¥s tBerefore
eet

protective cover s i sposed ove e driving
20 | ayardwidEed bEhvecedrthe firsg ahdyeeond Bss membersdf78med 182, The second

sanflvvi ch(epg bet ween, t he second gl ass nmenber 182 and t he
pr SIESTIERCE [RAproddas an &@bl.aﬁ%%ysfrleﬁt@ew dggingraad sepsing layers
976 8hY $80. ﬂleoar%ﬁgragwﬁsdm%aeé @%ﬁf%léfgﬁdﬂlﬂ% .hﬂc%‘_shlgﬁl

surface for allowng an object to ereo
pr postonedan cove (exsndat tlkphd bsdlgir afithelpagepnTheduviag lings 181 are

| ayer. bet ween the object, and the drjying.|layer 180. .

T BT TG oh G i SSIng S PSR & & s n order to
25 T Oforitd plusdIRPbf &%H@ilti'vé‘ Bouplihg nBH&! ARt LR tﬁé’é’é?fsin%h%%ﬁ' 176, the

190 may be fornmed fromany suitable clear materia

sudnviag lgyead 80 irdispeisedson the glass ankiler vsing shitably wetscris\aed

coy h 190 may-be treated with coatings to redyce

ot PR TR Satdiebuchitfig aRE FoatibielaRof iR <GrbiE o e
t herivingdedyey i1 BY whtkhaesdlloyindile? refBetivBindek t@xapmY € thed/isual

| ow sticktion/anti reflective coating may be applied

ov éppearpace. oddhoughdhe sensing layer is typically patterned on the first glass

30  member, it should be noted that in some cases it may be alternatively or additionally

patterned on the second glass member.

The touch screen 174 also includes a protective cover sheet 190 disposed over
the driving layer 180. The driving layer 180 is therefore sandwiched between the
second glass member 182 and the protective cover sheet 190. The protective cover
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190. Although the line layer is typically patterned on
a glass nenber, it should be noted that in sone cases

WO Roosay43e al ternatively or additionally patteP@EUSING/014364

the protective cover sheet. The touch screen 174 al so
i ncl udes various bonding |ayers 192. The bondi ng _
| aylkges 1 9@seripesitd prétect ghawslentaybrsrand pY@vidne sudreder alloMing an
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bondi ng | ayers 192 help to produce a nonolithic sheet

t hawitably S ralew fon anlfisteahcaplingel heapierdvmtovenshees 90 may be
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angrdtéwivprcovecheat € 96 hegtbelEdted itk &fdtiapeto redudeatiektion when
togﬁ%t her usi ncg]lca bondi ng agent such as gl ue.
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€eo ry that is
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wi th various sizes, shapes, and the like. For exanple,

each of Thhéouchyperesn hdd alkauwshtdes variors bohdingdesss B12. dhe bonding

St FUEEIRR Do R elapera B i Bt hf atolicpiyp cover shee
gl asetdgeiMeeto AR thahndndiél &kiReFS afd tARBVde li-gildi@‘"ﬁngtsgﬁfness to

second gl ass nenber 182 has a thickness of about O.

miledamitatedptyceice. | messineatththbending layers 182 elpfto abashice a

. . th i.ck f the bandi .I
0, FRolog 05 b 505G P 520, ASRERR S fen o,

St frieet ¢ses, Wd firsBandiastdRitol AR ingdtiberdUT8 AT 1Y &, wa@P&hthOfecond
the layers may be forned with varjious materials. By

waplast mélszl&ﬁipqm‘\él, the peakeqbize sheeti 1 8 and/ b0 & lamaipated jipgetliss using a
/ . .
LRl VA S8 SRRt bR P S B o e o

us gebrhetric vhgatginass agrenfoan 3. silgula compbiss st@tuevithanyverall
sui tabl e bondi ng a%i;ent may be used for the bondi ng

| agetacEoBas Jesirapyes Insema fasen the bondieAgerbipcldesn index

di A I j I
OB B bR ) 8 p APl PRI LR 0.

enmbodi n¥ith regaclh toéortfipardtmyceash 20 theandioRORyem ehaydesformed with

du features 204 djsppsed between the driving |ines
2081 StATe @Wéeﬂ@itilf fiks TEXATRE> GRfrRf t_%%lefaﬁ%é%aygme the
ar ek OMidkaEsest at BrreRhi Gfdich¥Yes I BY StHep Etg'&lseih' %e structure. In the

appearance of the touch screen by nore ose
matlbisirpigd emdodipent dhe firstiglassohemher 178es a thibkihess bhahewt 1.1 mm,

mat,chi n terials [ ove th i sual appear,ance, ..
't e e ele suitu HRE henEieckGers ot b B plp REEHE Protetive
NOBhdédtThdsQ thil dkch €55 -of ABSUt DT MnT, eThs RS ne o RhOVS NS Rers 192
touch screen with a nore uniform appearance.
typically varies in order to produce a laminated structure with a desired height.
Furthermore, each of the layers may be formed with various materials. By way of
example, each particular type of layer may be formed from the same or different
material. For example, any suitable glass or plastic material may be used for the glass

members. In a similar manner, any suitable bonding agent may be used for the

bonding layers 192.
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The dunmy features 204 are electrically isolated and

positioned in the gaps between each of the |ines 206
w@e@s20869 Al t hough they may be patterned separBCBEU§2005/014364

the dummy features 204 are typically patterned al ong

with the lines 206 and 208. Furthernore, although they

may be Frgsnb]dﬁx andi Bl lafefreurtmittopmbwrdlarsms phe dduimgyayer 200 and a

tr S E 20oa e e R P P EEoqpent, cach of
exgihrrd 360 4R W20ubH8ed dign P $atiB8S304Hi8pd Bl B¥tween the driving
mat chi'ng. As shoul d be appreci ated, the dummy features
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a
5288 BRI E AT AL 48k Wbk TR e
di $he dhbiyobatufds 204 ardkibericalliisaned and pasitorsddan eha)gaps between

t he du features nm ely varied. Fig, 12 is
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el ﬁﬁésrdsqai é;éé élpf@% f)l%vﬂie\fﬁé bAOBoRMK FReLAftchad tAshould be
sensing |1 ne 4 Is electrically coupled to a

15 capuetiated, thedsinny featmmgivwill23ge tmdlk@b{ stllh}gmquq:esomgaps but

colrT ey e sSahlcrn i Be Bafiton® poBes B Tt ey orders of
c offabAiiRGntMepa "I’lﬁés@%@ki Itheffort RatdRirtRRREAJabVéh the visual
sensing circuit 230 en no object is present, the
capersarange  Bdulsithis gnaaztbetth@ cmd@dwma@hasgsnﬂamﬂs jnay be
con

ol ag(}el? Qﬁallg\/\?ﬁa?cf% tﬁg Jgg e?\%%éﬁﬁ% Em% ggfg%tlh{@gge fdé‘gqgr m%rove the

20 Chaﬁgﬂsappbﬁrm@mfttﬂi@toﬁad&ré’e?ﬁ TiHeahgebutiohh sizebjuatier, Zﬁiﬁiensmn and
effectlvely shunts sonme of the field away so that the

chaliape ophsj ety featiesmay Re vidds Vel i s 1ess. The
change F%d‘igﬁ% hle bp(@ie %%'rd[nll? gfe § P@@%ﬁ% DRaf U EERE 25013k

is carri sensin ecapacitive

sea&iondance mu]:ll dne 28{bodiiies of the peesenittintertioan e a’ﬂﬂuztl legpacitance
posi ti.on of tEe node, 2%6 where the current chang
oc e Ginglv Reing fine 227,k s ik 224 15,20 spefially

25 SOUE P QL BErb f{)l%lﬂ'%taga ol oesﬂﬁﬁr&;deg% e drngg 112115 6222 is

capacitive sehsing Circ for each no
at ckbivictlly beipdaite at valtegé smlrw 28 dndtheaensseg ns2P4as eteotrically

CoRP & PRa VS E R I A ol ho G0 UaF £7415 conbured to
C a@ﬁ?}'f b @ﬁ‘t@ﬁl’cgg’ﬁ)e PGy Pflﬁ’é n&IEIN, %@ﬁe%é&%geﬁ’nebm4 is

the l'arge surface area of the row and colum |ines
r ecentfigreed to catry actuhient toithesapacitive bensingstizsnit @36 ¥éhenano object is
30 at pxgersgnL{,n t?le capacitive coupling at the node 226 stays fairly constant. When an object
232 such as a finger is placed proximate the node 226, the capacitive coupling
changes through the node 226 changes. The object 232 effectively shunts some of the
field away so that the charge projected across the node 226 is less. The change in
capacitive coupling changes the current that is carried by the sensing lines 224. The
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potential. Generally speaking, the filter rejects
stray capacitance effects so that a clean

w0 esessrd ati on of the charge transferred acr oBGI/UR®05/014364
node 226 is outputted (and not anything in addition to
that). That is, the filter 236 produces an output that
| s Cﬂwltd@ﬁemj@tlrmt 2¥0nopesrths purremt clafpméuané ﬂ@epostiwm of the node

he ca itance at. .t
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i neath naslg 225t Rqué thesamertiiye e vevad| by awerERs e prayide
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e ivartiRg b srbSetEb b iPBact S o pubtied (and
' n FﬁH% a6k g §rpaéd?t?or§t%rfﬁat¥’ O’tltleﬁg@ thd iter2B 6 Mulagseih output that is not
previ ousl y~"before the stimlus. As such, the val ue of
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bl ock di agram o capa lve en |ng circuit 260, in
acégﬁﬂg‘ggaﬁf?ﬁagﬂgmgﬁ%ﬁﬁ$ the pr esent
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exanpl e correspond to the capaCitive sensing circuits
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at Str%caév&ﬁ%an@? FECCISHE - MeRsBig £apgcirtace. df po,dhe Rerting amplifir s
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releases t emone at a tine through output channe

268efoT¢1me$Hnmﬂtr$g A quchyi the 280e af the plarm:dlmmepclananmmieelg’ t matter.

to dig| Gony r..270 operatively co ed to

e O T4 3ot BIRGR cideeats b peto e R en SRR Ao Cordance
25 21 QrithSore QAHoRHA&H of theiricht AGertltR. 'ﬂﬁ%ﬁ}gi&%l@k@hﬁﬂimrcult 260

signals sequentially one at a tine hat is

2701&chnx/@rau@1@a@rmsmnd toethe paponitivg samaigagrwltg dedcsibedhinghe

geRErafieyteutlr doe ShARRe G sogs BN 200 kpSagtca 5 heceive input
t h@efagtdnt alplitalitilolf Bérdsth g PoHRE R6D (el dcod8 SnodE&@te/Rkd ABBess the data
vari es according to the anmount of capaC|t|ve coupl i ng

at as@houputiiecesedsiatagioppdiost eonpeier. The
30 The sensing circuit 260 includes a multiplexer 264 (MUX). The multiplexer

264 is a switch configured to perform time multiplexing. As shown, the MUX 264
includes a plurality of independent input channels 266 for receiving signals from each

of the sensing points 262 at the same time. The MUX 264 stores all of the incoming
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output to the ADC 270, on the other hand, has a

defi ned nunber of states. The states generally have
wee@ditcsebl e exact voltages or currents. The sSPCHUSZP05/014364

circuit 260 also includes a digital signal processor

272 (DSP) operatively coupled to the ADC 270 t hrough

ancignels at thersamk ti27e) bulltequdBRllP Tdedsss thepr agrad artimid érough an
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reé orlﬂfﬁn%usmg) i flatan Byudiey edddemple ealgSBmry filter noise events
di
0, Sch) 1808 QUS04 T R RIAPRLE BT gy on

20 oneouch\scr@ee at ik tarpe xR darainte@hertdetethirmntle bbdrinates for each touch
repeated until_all the rows have been sanpl ed.

FolY&hi Al prQsdinates of thefaugly ¢yeals anay then pe speded to hesserutroller
2861 \gféet;i@y ?:ﬂxt %é;&?@)u Cid tgy?gvrloﬁso{o%}cﬁflatg@&@thé ’?‘du%ﬂ %Lferlﬁg to determine
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25 UNiyfddent 119\%?1'301% Th@ﬁleﬁﬁ}d‘%gé’x‘fégg Rgﬁlﬂgattq'IS&@ﬁZ erE Q%&Lg%hty of

coordi nates thereof can . oW ng
t heerpmggmeits htealsiveno Ferelsantpde, il \@ﬂ:ﬂﬂg@ﬁ&pphﬁhle thdﬂ electrodes in self
current inma

S ared to a i mage or
C bR e S bren SRR g o i B St en
| 0GgkéRN In @er lﬁféff Ic@Qbh dﬁﬂﬁ%@n@@dﬁ%ﬁ%bﬁrﬁay‘) THaPfs, 82 WRiving lines
obj ect on the plane of e touch screen

i nfsrdiivien one ebntitve tharbisebpibiing yp ek Qmalbﬁleflnilersﬁatmg sensing
o ac 1n<9sn Fgﬁow%r b?ocfi‘c% Sthieﬁ)&?c%g% Q%\E%ﬁ&tegés B3'b15cK 783 wittre the outputs

Ct 1 on
(Voltage) from all the sensing points are read. This block may include multiplexing

and digitizing the outputs. For example, in mutual capacitance touch screens, all the
sensing points on one row are multiplexed and digitized and this is repeated until all
the rows have been sampled. Following block 284, the process flow proceeds to
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bl ock 290. Fig. 16 is a flow diagram of a digital
si gnal processing nethod 300, in accordance with one

werwodi4sent of the present invention. By way OPCT/US2005/014364

exanpl e, the method may generally correspond to bl ock
286 shown and described in Fig. 15. The nethod 300
gerbéICliMSﬁ Wegi zmsmmgekmlr other 802 affvata(signel qrangnmb af the touch screen

Th t I I
F opne hirs om0 vedeniP Bl biPt flabiEf T perermine
SCReRf the BBjc¥Rlweoubig B tbedheedn0 wxdaﬁﬁsex\aﬁ@n@ 1l boundaries
equates to the highest capacitive co%é)l ing (no touch
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capetiort asvier exuile ngvarge gdimanoi curgiray makolg selgvgiob boaidicated in
30@1 ggg process flow proceeds to bl ock 304 where the

W50 s filtered. As should be appreci ated, the
raw dat gif yBii€ ahlo dishids EARE sHALSFooctlis hhdeh & 3009in
process is configured to reduce the noi se. % y way of
ex aogirégnce withi e embg)dnnctﬂ’u wf theyprérent iamentivat Byeway eSexample, the

0 nt hat aren; t conne t her points. .Singl

o ARG £ S ESgads i) 2Phanet andaeebh ge. 15 The
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more touch tegions, which are regions of the touch

15 s c defans tipécallsiea digitizeddotyy, avdjiedudes VAhlee fareptlenade of the touch

t h
Si AERT SEi LSyl RO R Rt Bt 0 vl R R . 5 mihes
| eampAegieeveplalg @ONGRMirédserd) an®ass eduatds @yiHededst Of¥citive
304, the process flow proceeds to bl ock 306 where
gr senrie (Gt lupls prsenies)atAstioxade of awi e algaegoint in time is shown
' n% f%t ¢ fAt% 55:18 8'11991/ ? ’pﬁﬂg S{Iallgl 9 gbg e% éoqgt{kﬁg %90%1ded in gray

poi n opo ogy i

20 capeutt Wihme poaitsiesthiths leagehpaitiie. coﬁpluﬁg Sre\whdwin ilh‘@'hlte and the
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| owest val ues .are steep while points with the hig

vaPows Wi tfsermglpe@wp/z@,mgﬁ 6<enpépn5@reaih@wv@cm&éaé& ang tﬂ@ergpmts found
POLBRch Bl 62 Gnd qf%ﬁ%gwﬁﬂ:?mﬁb@{:o Gt af S oWnlih gray.

greater pressure oW pol ts I'ndi cate
poi nt's Ifbﬁbwb@dﬂoakeiom}terprbmﬂowrpemdsto Mocke3(ainphere the raw

of rad dat a, i hown i.n Fig. Fol.| | ock

306" atlﬁéﬁﬁrﬁecz\g Sheylg e gPoesiasd s b Gese e hiafadesome noise
boypd#itAse Pﬂfce§sqy€$hﬂg%9é@tﬁsrecﬁfc% A&, A £dabas e S an01se
the gradient data. In general, a determ natl on Is

as atgoritthm mymlmn ﬁxaareencg/re@ vpiats thaigpeediecornocttd tcnmthencpmnts.
togch re i on exanpl e of the.touch [}ﬁggns |

gé omitq?tegﬁé)l gtbqrﬂg/nlln 1 'ﬁémbsg rpg]gp%rcip?lgg\ged points
detg@rﬁdfhl[bﬁﬂldibﬁteﬂﬁle%r\ﬁﬁr@ f6oB degions, which are regions of the touch screen
that are touched by objects. An example of a filtered data is shown in Fig. 17B. As
shown, the single scattered points have been removed thereby leaving several
concentrated areas.
Following block 304, the process flow proceeds to block 306 where gradient
data is generated. The gradient data indicates the topology of each group of

connected points. The topology is typically based on the capacitive values for each
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algorithm GCenerally speaking, the algorithm perforns
i mge segnentation, which is the partitioning of an
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C eRé@ht6 91 aRYNtRB ] dcRUBECHISI 1hY 16 1R sERbh OW AGIRAUALIrARSS can be

Xc =Sz*x/ SZ, and Yc =SZ*y/ SZ, where Xc represents the
x Gadely gpdedf In pee pastioHarisyplanenvaione heawserslaed figorjthm includes

G NN R SR e —

Y kRpiSseNIHS pelie ayatID MRt & paiticBRE tbulh ¥&liom asddRiafihg each

in the touch region Z represents the magnitude )

( c RpEE (Rixele en thei nadhy with thepaak piThese stps s prrformed exerthe entire
of . ' : j r e i -
onoeErRbE LS GELHYBMORLPIegllR ol SHEIER B dofectin contac
r epvithsthataichsaiiéest i nct x and y coordi nate. These

coordi nates may be used to perform multipqgint tracki n%

as indi Eaflewingblesioils, Geprotest flgw rpaegds fordock 310 where the

c O%Sydﬂ%Ee%.sfo{]Qarch SR BhicH 113gi859 %Qafcﬁgafté:bnh St lﬂ?ﬁlag%e accomplished
Wi t the touc .

conpar e previ ous coordi nates o
r e by pagfotming etcentroideajoakiibn erthrtbe civadge assotiatedewith each touch

obj ects touching the Louch screen or, whet hgr or ngt )
t ot glgcgtﬁ)(é@p%, ABGE nglﬁh Lepiny are determined, the raw data associated

therewith may be used to calculate the centroid of the touch region. The centroid may

indicate the central coordinate of the touch region. By way of example, the X and Y
centroids may be found using the following equations:
Xc =LZ*x/XZ; and
Yc =EZ*y/LZ,
where Xc represents the x centroid of the touch region
Yc represents the y centroid of the touch region
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or subtracted or whether a particular object is being
tapped. Figs. 18 and 19 are side elevation views of an
web@stirgn ¢ devi ce 350, in accordance wi th nul BCPUS2005/014364
enbodi nents of the present invention. The electronic
devi ce 350 includes an LCD di splay 352 and a
transparent toeptesets ben @5dlipept ¢a9h@died)vepomhm thepuch region
di splay 352. The t ch scree
ot orect i ve. sHagtreats o aoningy ar el ifid oy fyint o tgipuch region
and a bottomzle ﬁa‘éerﬁ?fﬂé@ﬁa Gfde (Hapiditaficeorad@s)iafBath, pitdl®r point.
bott om gl ass neﬁber 360 |§§the ?1%nt gl ass of thepLCD
di splay 352. Further, the sensing |ayers 358 maybe
confi gured sel f t
>descri bé ){) le o%gengéﬁds?arllcgﬁ gﬂeﬂrg@% g‘g&ge né%ﬂ{ﬁ sfigwn in Fig.

i nai7Bd %s&h@ivti,r@lch totchfredibh Bipeeapame atdsstiabt £ hed gzdg@dﬁlfate These
the touch screen for coupling the sensing |ayer 3

a §@W§m@%éw&ﬁ sefl iyper&nByRYLipBint Wagking abindiegicd,in b}?@k 312.
se %f C}?é’ Ghe g’o'i)q ey E e%LI?SE t'hla ?cﬁichfyrF%QHsoﬂngg bl Qoﬁlg%sd with

sensi ng recui t t one or nore X circurts
V\/n pndwcaxsceoatdnmdfsenf th@touhler@icdm $o détetrhide positibniag cka1ges of the
352 and touch, scr

the LCD di spl
10 35 8bigfs tw@a&t@a K AFTRCR RS ASFTT64 loueige ﬁalfgrsﬁljvgbaen added
SChY GbilfreA QY Wheidfla DpRARE 0B BASELGATRARERL S 10 Lheir

assenb position hin the el ectr devi ce 350.
The houﬁgsgl&azﬂd b9 eneistteselevasipav@wisaf ap Iebactrngictdheicb@ﬂ), in

d's 352 screen 3 as wel.l as :
Soatilaka oo PPl AT B A esdn e R, ADBRIeERGc
ho'd§¢1693§(ﬁﬂ1cldd€s aneCedosihyes ancﬂétrﬁﬁ@%nt fouéh eree1183 54
the housi ng 364 includes a facade for covering t

15 s i @e@twm@i cLV@Dtlm Léde aiysPB%EYZB 58nd The mh%nee@ BS48Buludes a protective
cade

oSt S8k B R ek e A RIS PR R 360, mm s

di spibayindh?, teBotia eRsSHERBSr Ftvis thehRorftatadef &%QCD display 352.
serves to hide the interconnects |eaving on

ac Fughergthesorsing lagens B8 araypieppnisgred oy ql@i@t )l/%@rr@@tnal
25 o S A UG5, OB IRN 1,85 2SR, g oty

20 I abhateraon@sis aﬁﬁﬁ ddbadf ihs t@urdhrteen Git donpled e spdirid 1aer 358 to a

of the top &kass 374 of the touch screen 354 that
ex PERHE Pkt shawnk Bewayrf expnMe ke srpsmgdayeri§p§ may be

Ptk o ez ks e a0k s s
t hevhsanare htianhed cnthasideb of fhacaudbd sBﬁé@n 364t is a nore
| t t K
e oot hiCha el A St b acaﬁerbgie@%e??ilsapseﬁw@hm a
251 | hH%ﬁ%ﬁ@g BRAL R 64QErvEL f cober aﬁdrh%gf)&’t' %S§ 8(51ﬁ cﬁlents in their

ased on nutual capacitance senStng and
t hesssmb&idmpsitaperitifs e aedtnpdisiesticediSag The hewlw%wmvmes a

i | . i\ | 376 di
o PicE Torg AR e taard Wisplibt A% e koo 3t R 3 5, 8o B BOEF Rpenine
| i nes sé”ﬁﬁt ﬁfe%éﬂilagp&&%ﬁ c@hbé Q&nhﬁltohgmlﬁsl 1R%8in36@4. Théne

driving lines and sensing |ines 37 378 are
i nswbadiaent,as shome inafigt Hethediqusmg 364 includes a fagade 370 for covering

30  the sides the LCD display 352 and touch screen 354. Although not shown in great
detail, the fagade 370 is positioned around the entire perimeter of the LCD display
352 and touch screen 354. The fagade 370 serves to hide the interconnects leaving

only the active area of the LCD display 352 and touch screen 354 in view.
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spacer 380. The spacer 380 may for exanple be a clear
pi ece of plastic with optical matching material s

WO 2a0aitnsed t herein or applied thereto. In one eptDURIBF014364
and referring to both Figs. 18 and 19, the electronic
devi ce 350 corresponds to a tablet conputer hi this )
enbodi meArnothaeebrtimart, a6shosnds Fe&dﬁ%@éwwng 864 does not include
i nt Gyl j [ i LG
or e arbtihbs £ 80y Patk BRpicl o Il poltn bER top elss
By 3nayfdic texetngiresn IMeahitrekegdabadeen thesides othehoaridg 364. This
other circuitry may include a _mnicroprocessar,

motAREHNGA RE angegaeat makes themiask ¢ 72 FRaw)submaresd i ieder glass 356. The

Me Ve ' ' . .
Tand R Goe Bt o pit oL as iAo 70 B G 1RLS Pt sotuon.

i nMeEhé onplassntaten theswsk MEMisiarfotreedomfhigetearpatature black

referred_enbadi nents, there are.alterations, .
e 8?1_@;,% IQHQTE%%%%%?@,O@% OB RIS 36 ds based on
scop@uslfcapibittnddWegsthl @Ad 1HuQ he@éﬁﬂﬁ% BayePB SR BAL @ﬁving lines 376

f
touch screen was prinarily directed at capacitive

sensil sepsing lings 3dB.d The drivingdineh3T6 ave disposedadnl thetort gless 356 and

o] T3 SR S DDA BB 9 e 30. e

t helfig il IheBBAY selsin@l 1Rk BYS a8 AE ihRh&BHhI A8 ahbBer via a

met hods _and_apparat uses of the present invention. It _

i s SPafeF a8 r Ehe snaserdiSd masafor example be ewleay piepp efiplestic with optical
cl gj . ' 1 ncl udi al | such

al ?é%ll %#g&ggkﬁrﬁ%@%ﬁ it%érs{gl,n o%% éeq%%lh?}glfoe nts as fall

Wi t hi n thent embodipicht indaRtrSeOREbOM Fiddel PaRBB)the electronic device
i nvention.Wiat is clained is: A touch Eanel havi n

1.

Sa PrdepesPents dpablet sarepwendn iys pubpdimenbiita unsiag 366 also
PR B g U 3 M
of computingicperpéoms|forathd tdbdet pomguice By staydlexshpleaths integrated
representative of the |ocation of the touches on the
pl SHEMHE iphand ‘&BEW%?&H@{ MY MCHKe s TRt mptherboard, Read-

t Ousie Rlento 0 I ' i § /s - :
e Ry L R O e bl ROAIR L B o disk arve, &
20 pi Jpttery eahdarariays mput/owpsisapport dedpsci t ance sensi ng
nodes. TJThe.t.ouch. panel as, recited in claim
wher ei n%ﬂ)fle ﬁsdﬁg%oﬁﬁps bgeﬁlackers?rﬁq}ag 18 LR 04 S‘?ﬁ?&‘?l g ferred
CORRIbb&RSents? tHek NS RBERAbNE bOG AR s| ANEIquivalits, which fall within
transparent electrode layer including a plurality of
el &t scppadd this igvendive dF el exempled elthaughl tled touth suteent wasqmsmarily

f 1. nt ti terial f

t naTEred iRl ErRR e TR0 ¢ iy BlRon el pERE oo
25t hdeqkidB&hekin Mgy bOMSicAAS 6lher SAGTMethBDISI QS SR also be

havi ngttan i ndi vidual trace for operatively coupling to

capatehiha) dhgip aretraaimtesiative wayy of implamentingubamsthods and
gfé%a?%%ﬁé E% o(f‘ltl?é ﬂPeg’enE lev%};'t%n 1§ kh%géfgl% RGeS mIPhE following

re
I nt
appended claims be interpreted as including all such alterations, permutations, and

equivalents as fall within the true spirit and scope of the present invention.
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circuits for nonitoring the capacitance at each of the
el ectrodes, the integrated circuits being operatively
weowphieded o the el ectrodes via the traces. 5. ACEUSHODN4364
panel as recited in claim3 wherein the el ectrodes are
placed in rows and colums. 6. The touch panel as
r e¥Vhadds ¢laimé¢dnistn 1 wherein the transparent capacitive
sensi ng di.um c rises: a first l.ayer having,.a
ol i al 1 £y otst pangEEtings tapReishl Sappri KT popoihspieily cppligured to
0Nget8N hNEpleaRthEOEMRAr foueRsahit RS Hie Yanfeaidlel 6id Melistinct
material; and a second | ayer spatially separated from )
t hiocationstin thpydanesafdhdiovcihgane! padifoarrpeyceshistinchagnalpeppresentative
are.electrica isolated fro r 0 -
B b Bt o R e R el BB AU oL REGaE i B mutipte
cofvdukedsl ve |ines being positioned transverse to the
first conductive lines, the intersection of transverse .
| i des béhaipushberndl anigiied nglaipe} sheranbgitiagprare sensing medium

gl Afude! 2 D{?la{eﬁlléfﬁg gggﬁlgsgafeﬁ‘? Daé)%&téﬁé s&ﬁﬁ%‘ﬁi‘fotdieé’.e l'i nes

el ng operatively to capacitive Itoring
ci Bcui t The tofich Pheel borechepandhinas wherid the tfansprait waihcitive
and 18 wherein the lines on each of the |ayers are
subFSEERIRAIYS) CBRPHFISel to one another. 8. The touch

panel agubeGatad eﬂe&r&iqu -/ th\é’!ﬂ%*i JaPenk Bﬁcﬂr&dbelﬁ?léi‘rincluding a

di fferent yers are substantiall'y perpendicular to
onpluzaiity beele@ricalheistloted lvlgotnéds amd clastivtiettadas foinzEdnfr@n a

and 18 wherein the lines of the first |ayer are .

o EEBeELrPndusfvedpatsy dscachafili olecihdes e pRodyy different

|'i RRatids ih R HeETdhé RYEK pAicl, dAbs BPE. Q1R odesIRGRRhN individual
gl ass nmenber, the first glass nenber bei ng di sposed

ovirace foropaeiovely gtupdiog heedpacitive onitheng eigehirpanel as
recited-in . claim9 further incl i athi.rd glass .
meber SR jstB R af Holath ORE §lr kit off §¥fore dpregratea
ah@'ir@ﬁt@ Q@l@n@ﬁi&ﬁ&gﬁﬁ@‘@@fa&tﬁﬁb @ge@hb@ﬂ{e@ae&@d@@ ﬂlﬁﬁtﬂgﬁﬁéd

via an adhesive layer, the third gl ass nenber being

at eisGHie deing opretively soupled éxthaslastpdes vaa Bedrases:

adbesi v : ' : t I SLAG 1
et It G v B LT i LARSIRAISMRL] A e
useiws Aiideofmes;, a transparent touch panel allow ng the

screen to be viewed therethrough and, capabl e of .
r eBogni Fhatpushipens) rerecHed i Qdight ¥herei thsdragspaggnt capacitive

di gén@ﬁlgqi%ediﬂﬁ%[)ﬁlﬁﬁ%s.on the touch sensitive surface of
t he tolc

screen at the same tinme and to output this
i nf or mat ifiost 1dyer having b ptieslitg ef lihés thateee diesfpicalyy isolated from one

ar %I%Q eﬁr% E@%ﬁedﬁqﬁ%tﬁd in crltai%qu%lcl é/\:her ej B&t‘?&e t ouch

pa Pri2BeRARE & HYe Safesia nt

confi gup eeoh® 18/ePiatiane esbat e AbRGhe 8RY layer and having a plurality of
lines that are electrically isolated from one another and formed from a transparent
conductive material, the second conductive lines being positioned transverse to the
first conductive lines, the intersection of transverse lines being positioned at different
locations in the plane of the touch panel, each of the conductive lines being
operatively coupled to capacitive monitoring circuitry.
7. The touch panel as recited in claim 6 and 18 wherein the lines on each of the
layers are substantially parallel to one another.
8. The touch panel as recited in claim 7 wherein the lines on different layers are
substantially perpendicular to one another.

31



nonitor touches and the magni tude of those touches at
di stinct points across the touch sensitive surface of

wao b@stotseh panel . 13. The di splay arrangenent BGI/US2005/014364
recited in claim12 wherein the nultipoint sensing
arrangenent provides a plurality of transparent

caPaci t Thetosichopmey antsgited inmdeimp prd | hovbgwindstings olthe first layer
anot that .r ' |

Fonisi beRat £l BRLRERL, thd hBpROLRRR} SR sbedfig mper o

2 aRpostd onheeeind d1ie ntaitag] the Yiest $RI8S ineehbeobléiag dfsposed over the
formed with a transparent conductive nmedium 15. The

t otReANGEReY me@betacited in clai m 14 wherein the

cap@ci ti ' . . - .

cangel 1 SHE e RAR JR00R oy SRR R fiding 1 hind pag member
15dispeeéd ionert the fikst ghspaeaiber, dlonfitst dndvecomtiglags members being

patterned into electrically isolated el ectrode nd
tr %t&aé_{g?f RN piet Ve ﬂﬁéﬁ‘@slémri Yﬁ?@ R eiarumgnber bong atached
CORYflb B @1dsOnielifbeP | B0 ME: AdiRsilopRy SCT een, and the

traces connecting the electrodes to a capacitive

sehbi ngAdlispday arrangmethwntpoisolg: panel as recited in

cl aim 14 wherein. the capaciliye.sensing. nodes. ar

based of BN BESENER (PN S e PR

recit edy klngarnfoliéh PARY llSwHnBehd §R8R8 b RHievdandsetrdigsh and
mediumis patterned into a group of spatiall

s eprpeblead rédogaigineonmiinlegauehgy cdisfthasrogenr at diféarent locations on the

drjving lines e f d on.a first |ayer and sensi

1 ol SV R o R ER o for e s Bl 85 R B

t r a¥@HBItiog tdg hogsletide driving lines in order to form
capaci.tive sensing nodes, the driving |ines being

c og%ect &he display goprgegens ayiceisedsincblaimel lswherpighe fayel panel

be% 6PN H’Rﬂ:ﬁ eo(iin tsgns@n %Qﬁlgﬁﬁlle}{te O?‘l?l%ﬁllelaq giln{uqﬁgédusf}hfetect and
vontage source drivi a Frent roug% one drivi’ng

| | menaér taudiesendithd egaudeothosapacics iav €isGai Pbintacréddéhe touch
current is carried through to the sensing |lines at
eatdnsigye swdace ph s tepghepaghsi ng nodes. 19. The touch

papel agns &1@%1%2 gﬁrgltqgeﬁ{eﬂ.{ BBt ePin® Mty Wherdiahe h&gy&%ﬁ sensing

transpar ent ve material corresponds to in

t | arrangentent gré@yes 2pluralite of vashapan@ipadtive saisingthoides that work
cl ai.ns and 13 wherein the capacitjve sensing, node

o BOERaRP 0B AR AN D3 SIS WO BOE T falch soreen.

t hey capaGietbieh pRRASSMELIEH i Uiaimd®Bhd 93 FHERAEE Rabditive sensing
capaci tance that occurs at each of the capacitive

senwles grenfodesd withe tposparéms convhetize oledivges occur and
mag hose.

th j t ude of C(Eanesgi used to help .
roCgnt T BHEN Rind Foreei v e, B Bk G cafertsesring nodes
pagtelbadsl dregifi@faditingd. ai ms 3, 6, 16, 18 and 20 wherein
the capacitive sensing circuit conprises: a .
mul@i pl Eketouchvppgel @h@plt¢®mlm@sl%%wa1mthe trenspeesh cfductive
t hﬁe&iﬁ&aﬁ Ipta{tt\a/r%eé S él@gtrically 1solated electrodes and traces, each electrode
representing a different coordinate in the plane of the touch screen, and the traces
connecting the electrodes to a capacitive sensing circuit.
17.  The touch panel as recited in claim 14 wherein the capacitive sensing nodes
are based on mutual capacitance.
18.  The touch panel as recited in claim 17 wherein the transparent conductive
medium is patterned into a group of spatially separated lines formed on two different

layers, driving lines are formed on a first layer and sensing lines are formed on a
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nodes at the sanme tinme, stores all the signals and
sequentially releases the signals one at a tine

wo boosagisean out put channel ; an anal og to di gi t BET/US2005/014364
converter operatively coupled to the MJX through the
out put channel, the analog to digital converter being
cossbomylinger, the seosing Hnesttrayeisimgmeiosg tndriong Bheprialosddr e form

out goi. digital signals; a.digital signal, progesso

o PRt MY S honSt Mt s el cs PR ¥ Y18 Surce and
C oMY 86dsBg lifel BefABRohhdcil to Rt aPRIi SR RUSAL SirbdifAhd NRtak@vource
data, calculating the touch boundaries for each touch

t héniving & gregrihiohgh pouidtivisg Hiseat aime ed beguese ofrapamtive

t her eaf t determ nin he or,di nat.es..f or h o
ool Jhe GG B Pt el S AR BE i ot PR LY Elbacitive
wheheihp nbéi&. t ouch panel conprises: a gl ass nenber

diﬁgosed over the screen of the displaﬁg a transparent

cohtuct Thetongly panelipsissdedinglamsthl) gdakh1§whsen the frgnsparent
co [ r.. LDG.a i ¥l a: ray of
eIg%@?&kéﬁ?§%¥gépg?%gﬁg%g%??% eéébghgggﬁgbarent cover

shaet drspesclpmetns idtedinadiimsQeandaBerheraindhocepacitive sensing
nore sensor jntegrated circuits operatively coupled tq

t higodes aterGoynied 198 capagHivai SRS CIERUNta e gapgcapiesepsing
o R B Bl 2P R 2 iy bensing
a fiadestth¢ pesispawbeat chargts ot¢ur@ndl dyaenagliitide o€ thosw erangeebeing

first ss nmenber, the first transparent conductive

I a‘}sgfl t@hﬂpﬁmgﬁgeé‘h%@aﬁ‘aﬁ? tPVCIb‘Fve%?I aced apart parall el

lipes hand pUck Pencd a8RcRbd Hhelant 3 bNeoM1dthg 20avIREGR I capacitive
gl ass nmenber di sposed over the first transparent

c oseaisiog icireuik egraprisea: second transparent conductive

| ayer disposed o second gl ass. nenber he . .
sevond t PRNGIEIC TN e T ER TR b Gepacitve sensing
Pl Rk bt the @imS8 BRfee stoRR aﬂtth@ﬁgﬂé Ald ddgiERiallRvé1Bshet BR signals one
same pitch and linew dths, the parallel |ines of the

seddritne fapgherrerittp@ohameli ve | ayer being .
b g 4, OOk 5, AL e

the firs ent ¢ ive

mesipit dhbsidsBe anlef td digitseenndtet baing pafiffired R buotst Ve
| ayer; and one or nore sensor integrated circuits
op@ecaminganplogsignalsgnioputeping figdal signgls; The touch panel

as recif g&ghf;‘sggﬁaquscegsb} Qperéévelﬁg&pggﬂ fH4hd Qfaﬁog to digital

i ncludin
converter, the DSP filtering noise events from the raw data, calculating the touch

boundaries for each touch that occurs on the touch screen at the same time and
thereafter determining the coordinates for each touch.
22.  The display arrangement as recited in claim 11 wherein the touch panel
comprises:

a glass member disposed over the screen of the display;

a transparent conductive layer disposed over the glass member, the
conductive layer including a pixilated array of electrically isolated electrodes;

a transparent cover sheet disposed over the electrode layer; and

one or more sensor integrated circuits operatively coupled to the

electrodes.
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features disposed in the space between the lines, the
dummy features optically inproving the visua

wappsargnce of the touch screen or panel by noPET/US2005/014364
closely matching the optical index of the lines. 25.
The device as recited in claim24 wherein the du
f €2l ur eBheadliepley evtngeomnt s tesiptdanestpimnld Weerpindhe toysh panel
transparent conductive material. 26. A conputer
r 4B medi um i ncl udi ng at | east conputer code

execut abl e by fitst gRRPHeRIber diib}lﬁbs@@ BPetitRE sesteof the display;
conprising: receiving nultiple touches on the surface

of a transpat 8t tepiperens eensleative laysralisnesed oyauthe first glass

separ at e 4 . Of 1 : ;
B EL I O AS Sl LB NS et apr
Mupdralpd] éintOhsigsthe 2dme Pheh aahinewddthsode as recited in
claim 26 wherein the nultiple touches ﬁr reco%ni zed .
by any of t h#s§oneBlasamemeeaseqsey ayerithe &S&F%S frepiconductive
28;,.,dhe conputer code as recited in claim26 wherein

sepgr ately recogni zing each of the nultiple touches

i ncl udes: sepa¢cané trgnspaient oopdacfive lyeralisposert oven tlwsghoml glass
plurality of spatially separated . drivi.ng |lines.

P b T Seoi ipaarcoB i g Tpist Eqpgtinte h piiatity of spaced
ange oA NP URLYh RBARSHE ke BitdidddaHewidthE akEp k11 lines of the
plurality of spatially separated sensing |lines |ocated

| nsegosdramgaleayemdoétiveHeyar beinlg sybstaninllypewesdiguiantp the parallel

i pes in iented transverse to the driving |ines,

th ne&ﬂ%ée#ﬁﬁ%%ﬁ‘?%‘fo HEYS Y5 ity of spatially

separated sepgiiRbslhdsiBSNBRIdRoSIdERIee theedoridRaspareM@onductive
coupling at intersection points found between the

driayémgnd i nes and the sensing lines, a change in

current in a_sensing lLine.i.ndicati t .

i ntersecti ono%%?rn Oofse]tl%g n%%%%%ﬁﬁhn]%ﬁ%pﬁwﬂ%%uﬁﬁﬁ to the lines.
drp4i ngThé fRich Badel aSreeited Bndlhivhsiel Mg sdsndvENfur@Sr inthding dummy
conputer code as recited in claim26 wherein .
sefratuaesedispased sfhe spacg belessn die Jnrs, thedempneleaiyrsipgcally

in S [ j '

ol SOtO 505 LA spfeekeiRe SERRIbAANE efon Bk b closely
annliatvhingahée optihigidx ofitHelimesane | ayer of the touch

screen, the capacitance indicating when a touch occur

. S .
ovét anThy detiseriarecitny n Al Ut haroiagas ARy HEATISS Aty cleptrically
Pr R6ERANAGOMIINAS (RS AR AIMSE hifdlpNs and To

carry out operations assoclate t he conputer
sy36.em Azxothsidrayaddbleimnalithancliding peleadt icvmpyter oursl exdcutable by
rocessor; uch screen that is operatively

totheg at C _
cofifP 8D @qﬁPﬁﬁW§§§§§899nPH%n$ouch screen
receiving multiple touches on the surface of a transparent touch screen at the
same time;
separately recognizing each of the multiple touches; and
reporting touch data based on the recognized multiple touches.
27.  The computer code as recited in claim 26 wherein the multiple touches are
recognized by any of the touch panels described in claims 1-25.
28.  The computer code as recited in claim 26 wherein separately recognizing each
of the multiple touches includes:
separately driving a first current through a plurality of spatially separated

driving lines located in a first layer of the touch screen; and
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bei ng a substantially transparent panel that is

positioned in front of the display,,the touch screen
whetnglasenfi gured to track nultiple objects, wWiTHS2005014364

on, tap on or nove across the touch screen at the sane

time, the touch screen including a capacitive_ sensing

deV| c e ¢cmsinueuslytingasising asureridp el of apiBprdifehpaliglly Sepaf ated

2Bk e bR S50 DReP I A Do 08B o0t

P Obri¥ntddat AGvEBPRIthe dalingeines, did aigreat & @oRbf die flinalisarfepatially
time, the touch screen also including a senS|n

ci sepmriatedisaging baes heans @adted ¥ie SAPACHLY eonBlng2ldE g?r%?%tl%homts
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31.  The computer system of claim 30 wherein the touch screen is selected from
any of those described in claims 1-25.
32. A touch screen method comprising:
driving a plurality of sensing points of the touch screen;
reading the outputs from all the sensing lines connected to the sensing points;
producing and analyzing an image of the touch screen plane at one moment in
time in order to determine where objects are touching the touch screen; and
comparing the current image to a past image in order to determine a change at

each of the objects touching the touch screen.
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capacitive values for each data point. 38. The nethod
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36. A digital signal processing method, comprising:

receiving raw data, the raw data including values for each transparent
capacitive sensing node of a touch screen;

filtering the raw data to reduce noise;

generating gradient data;

calculating the boundaries for touch regions base on the gradient data; and

calculating the coordinates for each touch region.
37. The method as recited in claim 36 wherein the gradient data indicates the
topology of each group of connected data points, the topology being based on the
capacitive values for each data point.
38.  The method as recited in claim 36 wherein filtering includes removing data
points that are not connected to other data points, calculating the boundaries includes
determining which data points are grouped together to form a touch region, and
calculating the coordinates includes performing a centroid calculation with the raw
data, the centroid indicating the central coordinate of the touch region
39.  The method as recited in claim 36 further including comparing the coordinates
for each of the touch regions with previous coordinates of the touch regions to
determine positional changes of the objects touching the touch screen or whether or
not objects have been added or subtracted from the touch screen or whether a
particular object is being tapped.
40.  The method as recited in claim 36 wherein the boundaries are calculated using

a watershed algorithm.
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