WO 2009/ 154812PCT/ US2009/ 035250 TOUCH SCREEN SENSCR 5 CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application clainms the benefit of U S

Provi si oD 28gpisugiat i on Nos. 61/ 032, 269, fil ed FebruaryP28UuS20083526he

di scl osure of which is incorporated by reference herein inits entirety;

61/ 032,273, filed February 28, 2008, the disclosure of which is 10

i ncorporated by reference herein inits entirety; 61/085, 496, filed August
1, 2008, the disclosure of which is incorporated by reference herein inits
entirety; and 61/085, 764, filed August 1, 2008, the disclosure of which is
i ncorporated by reference herein in its entirety. 15BACKGROUND Touch
screen sensors detect the |ocall f j e.g. a finger or a stylus)
applied to the surface of a {ﬁﬁtﬁﬂégfggﬂEﬁ$§§ﬁ§9 or the location of an
objesct positioned near the surface of a touch screen display. These sensors

detect the location of the object along the surface of the display, e.g. in
the plane of a fl atCROSSAREFERENGCEJIQREIAGRD ABPBICAGIONS20 screen

sensors includg.capacitive sensors, ~resi.stisve.sensars,. and projected
capac & ve_sendtiy xSRI bfet FEEN PRSI PEeRRANS L el ment s
that overdias2t1e, flicdHeBitary P& 2008 TBOESclakiRe 6OWRIdAGSindbipdrAdEils|) Feitbfice
conponents that use electrical signals toggrobe the elenents in order to

det er m ndCEqR it Brentiresi: oF 03h2 Ghifikak Fahawry 8¢, 3008 cthadisetoswictoh vhid idj spl ay.

25 mthe fi . S e [ | pr oved
conp%ol 6§%$bgﬁ§%é%gg%??§gP&%QU%Z§%?E§“BEH$§§AP?Q%SpZﬁ%H%qfgﬁ%ﬁﬂggfeen
sensors, disddsatt ofcaiiph BMairperaedibyaaferapdahéericin iaritspntfer; tathé$1/085, 764, di spl ay.
A transparent conductive region of typi.cal touch screen sensor .includes a
cont i nuoff@e%éagwg, §¢08atfterdéfrfé%alfeeqﬁvs}e%&uﬁqrﬂga@&éibaée%m@ ROGERNAS | ndi um
tin oxidepld), the coating exhibiting electrical potential gradients 30
based on the 1ocation or |ocations of contact to a voltage source and the
overall shape of the region. This fact |leads to a constraint on possible

tou sensor designs and sensor rf and necessitates such nmeasures
as gﬁpensive signal processing eﬁgéfﬁéﬁﬁggﬁgp pl acenent of additional

el ectrodes to TREh f¥rdbhQc@ofs HEtb&athe RELEBh |l andb 6t QRIS a IS or th@YRs) VO
2009/ 154812PCT/ US2009/ 035250 is a need for transparent conductive el enments

that of f eppleshtorthe swiase oékdeuahisgegen displitar dhe lgeattineaitag abirst positionedewendent
of the aftﬁé SF a%te 'o?g?gucilas&le&rl aispﬁlzt TPSTBQS%{IEOT% éet%?[ et@f::j ge:c%t;i%%noaf! thd ?ﬁgctl&lg%&ggﬁ of

field of touch screen sensors €es yin I

el ectri cahé yureeoddeicl digls), et the pllae of alini @atah@iarcdisglow Chx nis ey &fdugensor s
usi ng patterned transparent conducting oxides (TCO such as indiumtin

OXi %‘g (1 FOJeeh BT IBelude (CRPACITAL SHISOISN TeHIYE c1cporBe 31dyrojated |GRRIAIEYS ons
rel ate tq.ponshiplatolaHaet BnDAHEERIRGIA belnkBa CORAE Y Bisflagment S
froma transparent sheet conductor that has a single value of isotropic
sheet r esitetdements 4@ BRBMGWNMARYCtronic corhponens thgpee tlectrical gigrasetotprobe
disclosurg rel ates. to touch scree sensors%gaving a tranﬁfarent substrate
and a ni dPOSEMBPBP T RuLHTMiRe %}]ﬁ losgtiap HfettapYITHinedh kit cefagat e fif
geonetry(ﬁﬁﬂgﬁhieve hi gh optical quality. In general, optical quality can
be expressed’in ternms of visible light transmttance, haze, and conductor
vi sEhility, adndee¢ &eldiafdouch screen sensors, there is a need to have improved control over

the electrical properties of the transparent touch screen sensors, without compromising
optical quality or properties of the display. A transparent conductive region of a typical
touch screen sensor includes a continuous coating of a transparent conducting oxide
(TCO) such as indium tin oxide (ITO), the coating exhibiting electrical potential gradients
30 based on the location or locations of contact to a voltage source and the overall shape of
the region. This fact leads to a constraint on possible touch sensor designs and sensor
performance, and necessitates such measures as expensive signal processing electronics or

placement of additional electrodes to modify the electrical potential gradients. Thus, there
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15 observing the conductor as it assenbled in the touch screen sensor with
unai ded eyes. The geonetry of the m cropattened conductor can be defined
Wi t h par awetees1s¢’1ch as, but not limted to, the w dth @CTtuseoeosztact or
traces (sonetinmes referred to as "lines") used for the mcropattem the
density of the lines, and the uniformty of the density of the lines. In a
first enbodi nent for a touch screen sensor having good optical quality, the
20 touch 15@resA feefamparcabppidustise glegieaispthat efifiyrionfrehasgatiegiticd potantiak e;

and an eﬁ&&i@ﬁ@ﬁlaﬂ’siﬁ%@gg{f@t Xﬁtﬁl% Jr%@%ﬁo%%h%cﬁ&?.sed on or inthe visible

| i ght trahsparent su e mcropattemhas a conductor trace w dth of
about [ X + 0. SThererisuan taddoibnah wedniat the Sjeldnd teuchogetenasaaork riagtt tetatesh et ween
about [95 - .X].% and 99. 5% ere 0 <X < 4.5. ]n another enbodi ment, the

t ouch scr%@ﬂé@n@o&*eﬁe%&%ﬁe%@ﬂl%P%duﬁl‘_éf‘c@feaﬁnb*et 1B eaaten ogowh 25
(2.5X 3. ga)cbnosand,d gﬁng g‘attér%ed ﬁ*a?%p;%h%@ﬁcﬁfcﬂng ofidss FréoY su a A BRARR tin
enbodi nent, the touch reen sensor has a haze value of "l ess than 10%

pr ef er abloxidee 3 Q) hafren5piacaaniamitatains| @ bomghuttor rdemigni t Tlan bmifgtiemst wlate Harm 75%

pr ef er abl reater than 85% .1 n another enbodi ment, the conductor, trace

N dth of PRArg, cHSE PLarT bineo T PEMikuRET SE0E G & BHEPEP i ohavi ng
a pitch onli@gs thixans akmigle GO &0 iSHRIPRE Seet efis@AQL her 30 enmbodi ment, the
conductor trace of the touch screen sensor has a thickness of |ess than
about 500 nanoneters. In another enbodinment, the pitch is about | mmto 4
mm ., th a conductor wdth | ess 10 mcrons. WO
2005&154812PCT/ US2009/ 035250 ﬁﬁhl}i\ﬁ%g%\g erYaspect , present disclosure

rel ates to touahorkCagRet, IRNPeIsenthaelbgry athicBFostoaet stiesh StideLhaving a 1N a
first enbodiment for a touch screen sensors having varying sheet

resi st andenspaientsahssic ey mirgpaiteiedi gnduatergkeriedllyiagial ohsrsifissinaiied and
an el ectrj.cal f mC ter i : : in t i.si bl e
ght -t r At 1 R hER oIRGB PGl ERRTER LR cantbd Protbal B

m cr opat ttemms Wwif t Yikiblea lightittans@itmintg hizea amddcandseondsibdgy,ons ndaesrapadd er n.
The first region mcropattern ha first sheet resistance value in_ a first
dir &t i orﬂbs?rgll’@gitg? BYRUFTOg AY 1P A BARS 4Ry SHER nglsqréﬁﬂku@e&d&pf% Hca.
The secondor@l QR (B HIcARAHERED cHRRicRr 28E 8O Bhaslitk fRhatRACKICH AL Uit b the
first direction The first sheet 10resistance value is different fromthe
second sHestted tosths tvadhefitbd comductor traces fscamainesreferrbd ¢h aefiines’dmsed footlhech
screen sensors, havjng varyi heet resistance e,sensof .i ncl udes a

Vst ble: RGP An R drETE B B R B G P EATRYD Bbiadet ve

m cropattern dhsPAsedn®Bdi@kent fort Heouéh SRR sbi@hthatih@ndpalopiital st aice. The
m cropattern includes a first region mcropattern wthin a touch sensing
ared) t hdowghr sareqnesfinger, IcemprBesr dpyille dighh snspgrean sabhtatss rogian ¢leetscalbheet
resi stanc i ng.. Vi Sl i t ranspa Y (g i 90% open
R I gy
sheet reshigtapatemn Habe @adsasr frive! widesoBaboius [XHe0. 6] ghinitsremsaipasmentrssadist rat e
and an electrically conductive mcropattern disposed on or in the visible

i ght tr dsiPaR aFre fEaghen Peftvsen #pRut iY T opat k- 20 Wher ddes a4fi A8 AneBE on
m cropat te‘?ﬁ%d%&m fﬁe?oﬁc‘ﬁ%heeﬁ%@ﬁéo?%f%ﬁ§er}]@ggl Bred %I%Bﬂ&ﬁ hE N 1B [OPSLL €T 1.
The electrically conductive mcropattemhas netallic linear electrically
congiict i ve.sxeaBimpEs and 199. 8- (Xi-ckfif%swidreingbs X 135, SAGinbthiep ambedimear) thea

wi dth between 0.5 and 5 mcroneters. The fi[)st region mcro Oattem‘h,as a

first shdBuchssiseasahiorhysy hneeivalug of loss thagi 10ge threfprabbit lgrsehams> Unendsibhm per

square, | I Sl i.gh n r egy,, 2% gnd % open

orea Cor bt Rfuded brchlcETRRAY S8 AEEHIRD BEMEERPRDRT SR RS o

area). Thentwdoond, thegionduetoc traqg@atvidth ofhths taucheconrd ssheetis 1@sitbdrmalomt \al ue

inthe first direction. The fi.rﬁtofsheet resi stan value is different from
e’

the secorBICEMRte 2adi Raving & \PAF 1S atheq r 2pa SUCTRERLeTs orIng 2peftieth

SCreen SensYIfmAAVINT oM AN NPaNSi8he IERhSIARA QensoP hhiI§ (BRRSQL of MGk yelgs a
visible light transparent substrate and an electrically conductive
mi cr opat tabont Msposewtan br anathdrhenbodshéritetheipgtah i alzows Jenne by 4 Subsithtae. The
m cropattern i ”C'@ﬂ}efé abfi rst,region.mcropattern wwthin a touch sensing
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conductive mcropattern includes netallic linear electrically conductive
features having a thickness of | ess than 500 nanoneters and a w dth between
0.5 and 5w@i2e0vnsegiers. The first region mcropattern ha®PCRUSANIHII250PI C
first sheet resistance with a difference in sheet resistance val ues for
orthogonal directions of a factor of at least 1.5, is visible |ight
Stransparent, and has between 95% and 99. 5% open ar ea. In a further
enbodi ment, a IngnethesPeEnsEms disclosurgaglates etpuch pacerotsabors B ERS VARHYEOr
conpri si a igihle light transparent substrate; and a touch-sensitive

el ectrica Py conductive micropattern disposed on or in the visible |ight
transparent subst figt embodiercat fortdh@uoh scropatdngsm Hanmiguderng ahett csistancty aces
with vvidtp bet ween .about 1.6}n§. 0 10m crome]t:)ers. BRI EF DESCRI PTI OF THE
DRAW NGS the sensor Inetydes; il dighhipnRarend subhp PaY @nyelentten st sauuptive

consg der ahicRfhaRbm! d1§pdsOd baWrne tﬁ@bﬁiﬂlgﬂﬁﬂﬁéﬁ{s&é%hpghb%’{ra%arﬁf%%ic%ﬂ%l%}nﬁe nts

of the invention in connection with 15the acconpanying draw ngs, in which:
FIG 1 ilihdsdesas dsstaregainematropattimgyitim af toach coeding ereeemds erssoondl Gigjon

FIG 2 illustrates rspective view of. a canductive .visible |ight

{t anspar GREREETEn TOF RGIRERR T aralen B o i aRisayue 18 frs

FIG 3 ildikstistiesistlPligeeSmspREntC hRPhAM 183sE DOBUPEH G QI STHES§d8nd M glicrs er
curing of a 20conductive ink; FIG 4 illustrates a gravure printing process

for creatmistppaiteinolssnd seaond sheet resistapgegyalge jin [thes firsatdersctzorer dbe fyeicshicon vi ew

of mcroreplicated ch s filled wth nductivyve terial;
21 Q0 6 PRI RS ol b8 el SRR SR T 2L L cated

channel s 25fi IThedott fmbadighdat foy @ tomdhecieh sensors havidgGrarying Ishéts trésidtatee,
patterns of m crqconductors produced on a f]exible substrate, useful for
pr oduci ngh¢ oerser deladassa visible light drangparqnt pybsteate angh 3p a¢leericaldyc FICHRINECt or s

printed - a1 i t.erq al : i : b i OR,
illust rat?glg?of aJ[stg%lt @%@S%EB?@ lﬁldéiibgweﬂlle %ﬁeﬁ%%&oﬂb&ﬁ%' 8 ea%%ﬁ%p%ﬁe%
addi t i onahcluddse nc firsteeiong ndavgatcirorsithiddedtoucMBensing area, the first region
2009/ 154812PCT/ US2009/ 035250 . Fgg 10 il lustrat es%g] ClrQss section of
an ExanplBICHPILCTRAVINE 31, GRIACEUNRS Sirst SBRLIFHRIPRE: OF B TiHBle) (TENgRAr¢He

mat eri al s;nf1QPInElaGeasio% open didda 11 illustrates the conductor mcropattem
for one enbodi ment of the touch screen sensor;

In another embodiment for a touch screen sensors having varying sheet resistance,
the sensor includes a visible light transparent substrate and an electrically conductive
micropattern disposed on or in the visible light transparent substrate. The micropattern

20 includes a first region micropattern within a touch sensing areca and a second region
micropattern. The electrically conductive micropattern has metallic linear electrically
conductive features with a thickness of less than 500 nanometers and a width between 0.5
and 5 micrometers. The first region micropattern has a first sheet resistance value in a first
direction between 5 and 500 ohm per square, is visible light transparent, and has between

25 95% and 99.5% open area (or in another embodiment even 99.9% open area, or even
99.95% open area). The second region micropattern has a second sheet resistance value in
the first direction. The first sheet resistance value is different from the second sheet
resistance value.

In a further embodiment for a touch screen sensors having varying sheet resistance,

30 the sensor includes a visible light transparent substrate and an electrically conductive
micropattern disposed on or in the visible light transparent substrate. The micropattern

includes a first region micropattern within a touch sensing arca. The electrically
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5FIG 12 illustrates a portion of the conductor mcropattern illustrated in
FIG 3, the portion including a conductive nmesh with selective breaks for
nodul at i gjotzh@/1seg1al sheet resi stance as well as a | ar geCTUSa009/085280m t he
formof a contact pad; FIG 13 illustrates a nodul ation in resistance
al ong the horizontal nesh bars given in FIG 3, created by sel ective breaks
in the contiguous nesh; 10FIG 14 is a circuit diagramthat approxinates

t he propeohfedivemicrapatiypdicdudns metallis Jiereslpctiipallyseangdpetive; faatpreg haging\gher e
capaci ti \‘[ﬁicl%e%g F l&g?ha%eﬂﬁ)r ABthehy Eﬁéh%&ih%eoe%gﬁ@% Smd 5, mig orﬁ%:]tgks by
illustrates the conduct or mcropat%ern for ‘ohe enbodi ment "of “tRhe t ouc
screen sdnstoregiohheicrapattapdiat emanisctrapde figst skegt osstdnabelithch dibarchbe inndHebt

di fferent sheet ééaresi stance created in P%r%acby sel ective_break he

in
el ect 11 CAFPYRBHEES (% G BT SEFIARLAT & 1octof | eleast 5. ey by
illTustr attpan%pdgg{t,t éﬂ%a@%eﬁ%@n‘@@%ﬂnﬂ@@%‘gg% Qtamcropattern illustrated in

Fig. 15; FI 16 1llustrates the distribution of resistance per unit |length
al ong t he | ondgnaxifigrti2® emibodimeentedgeudthapech semns padesctibedy nilledouchesaregi on

havi ng regions 15a and 15b.therein, as conpared with the resistance per
ot " oSBT Somip sty TR DEb s p R R TRE S § b RReAN e FIRR B

t r anspar ehde@Rd usictopatt@xi dgosddTa or in the visible gk trdnsphichtSilahteSwhii@in
arrangenent of layers that are | am nated together to form one enbodi nent of

t he t oucHhecmsopatiemssnclugas sendugiyd tragpe vpitloj widthe dbetegrac iaboute 1t et hl 0
2551:(§<een SensorL. FIG 18 illustrates the conductor mcropattern for

t he | ayer or %rﬁ‘e Y-l ayer of an enbodi nent of the touch screen sensor

according to FIG 17, FIG 19 illustrates a portion of the conductor
m cropattern illustrated in FIG 10, the 1gortion including a visible |ight

transparent conducti ve BRIES REACRIPTHGNOF FHEDROMINGS e i n the form of a

pace bet neen (56 Hafh aRe el ity kol P SR EBUEFBERNEE o % o
20 il | ustfoHdemgtdeailedddiecipoon bt carapateinbodinicnts dfitbe Xwvkaty@r inaonhdveioYwithyer of

anoi er eF‘oodi ment .of the touch screen sensor according to FIG 9;
FI G2 21 ithe BorReREng By e M BhiCfthe conduct or mi cropattem given in FIG

12, the portigng nGligapg a%cli’én%aitﬁ'cﬁagr&rﬁ%ff a b RASPREL MnsGONkICt | ve mesh
contacting a larger feature in

FIG. 2 illustrates a perspective view of a conductive visible light transparent region
lying within a touch screen sensing area;
FIG. 3 illustrates a process for creating microconductors using UV laser curing of a
20 conductive ink;
FIG. 4 illustrates a gravure printing process for creating microconductors;
FIG. 5 illustrates a cross section view of microreplicated channels filled with
conductive material;
FIG. 6 illustrates a finger capacitively coupling with microreplicated channels
25 filled with conductive material;
FIG. 7 illustrates patterns of microconductors produced on a flexible substrate,
useful for producing touch sensors;
FIG. 8 illustrates parallel microconductors printed on a flexible web material in the
downweb direction;
30 FIG. 9 illustrates a section of the flexible material from FIG. 8 having additional

interconnecting conductors added;



5the formof a contact pad, as well as electrically isolated conductor
deposits in the space between the nesh regions; FIG 22 illustrates
t he condwoapowmisesiepattern for the X-layer or the Y-I|ay®cTafS2e&mo053280
enbodi ment of the touch screen sensor according to FIG IL and FIG 23
illustrates a portion of the conductor mcropattern given in FIG 22, the
10 portion including.a visible light transparent conductive nesh contacting
a larger feat g il ilhstpigs m oross wehemef shgxamplonel |2 Betrey duchi samsesy

i sol at ed i i : n the mesh regions.

FIG 24 ﬁ%%%%ﬁ%ﬂg‘gg?%ﬁs dtfghér%%egg?qgoﬁl??ggﬁfqual ity of the touch screen
sensor, the griEph 1beilngraacspihotcoadludtar mémbdpavferrOfenondr @abodimerctosfdhe ttotcht r ace
width (in mcroneters), 15 with Region 3 being good optical quality that
can be usétFCRSYMS8°t ouch screen sensor, Region 2 being better in optical
qual{ty as cormay ed il B0k orifon G BRILERr hidkBYhRgn HIRrRes in PREICH.
quality of the three regions. Percent of Open Area i1s used I nterchangeably
wi t h opempoati@ainthdoty ®porveceyaimeft ®@ithZbleatmet bie@ks 8 mddulming dbeloselasheeting

el ectron photom crographs of .t he ge tr 0 for the hexagonal nesh
Csomet | maBteR St Pl are e BERS Rl G B s nat arc
characteristi orrof 1EXARLRS atnddulQiaNn 48istde aldnghthe 86@gtd] i8R bRy SaGh

i mge represent the pattern of the metal conductor and the dark area
r epr esentis Fl@ed, sustad byt selagyee bicaks indhEsentighews meshGs. 27, 27a, and 27b
illustrate vard,pus ,parti.ons. aof fijfst ttern substr.ate: Fl G5. .28,
282! and asb 11/kust e Yart Qnepby bR ReEhERTER & B8 ellae i o
FI G 29 irthictslattedhelustrgtc®jiecltied 3; aphat t dapeciti ol Giut&C hike sepafabdils Par@siktisensor
el ement constructed fromthe first and second patterned substrates of FIGs.
27 and 2&ICTTEs:f | gures are not necessarily to scale. Like nunbers used in

the Tigures rafief 150130dds e SPTRRISN b ra bRV Bl ol tid b, (e ShG0C

that the use of anurlTlgge)[r%ore 0 ac onent 1n a given figure 1s not
i nt ended scechisghdor] the mompeattent ircihudamp tdpeensf fageleé 15akiék editiwidifiicredtesheatme
nun‘f r. WD .2009/ 154812PCT/ 820%2/.03 25g DETAI ED.&E@CRI PTION . In the
f ol Fowi ngHEaRss eateh In pat dyeirtastivs Orrale 1t Hher Hertdeallyngadysthy Qisrorgftern
draw ngs fh@t forma part hereof and in which arc shown by way of
illustration several 5 specific enbodinents. It is to be understood that
ot her enbodi MG, dbe-16ormaempllattatt anmriey ob eheravdeying choditctateparopattgrof r om
t he scope,or i.ri qf‘the present invention. The follow ng detail ed
descri ptilgﬂs,tra%%elp %r'e> is not to be taken in a limting sense. Al l

scientific ancht;equlihgsélateg ehd"BistiDAAoN6F RiRtaRY PerBAMAEE atHFRA longs@d i n
the art unless otherw se specified. The definitions provided herein arc to
f ac?®i t atad the wedge-shaped transparent conductive region having regions 15a and 15b therein, as
compared with the resistance per unit length for a similarly shaped region comprising only
a uniform transparent conducting oxide, ITO;
FIG. 17 illustrates the arrangement of layers that are laminated together to form
one embodiment of the touch screen sensor, an X-Y grid type projected capacitive touch
25 screen sensor;
FIG. 18 illustrates the conductor micropattern for the X-layer or the Y-layer of an
embodiment of the touch screen sensor according to FIG. 17;
FIG. 19 illustrates a portion of the conductor micropattern illustrated in FIG. 10,
the portion including a visible light transparent conductive mesh contacting a larger

30 feature in the form of a contact pad, as well as electrically isolated conductor deposits in

the space between the mesh regions;



10understanding of certain terns used frequently herein and are not neant
tolimt the scope of the present disclosure. Unl ess ot herw se

i ndi cat edwoaby/1ustker s expressi ng feature sizes, anount $CTASAd0lyRECal
properties used in the specification and clains arc to be understood as
bei ng nodified in all instances by the term "about." Accordingly, unless
indicated to the 5 contrary, the nunerical paranmeters set forth in the

f or egoi ng spedilfi éatlﬂléﬁraé%dthstqoaé%@r BLGEPPAiteH Eorathp Pekayehior dis Yelayer efan
vary dep e obtained by those
skilled %gth%gerg??&ﬁ%ﬁflfgﬁi{&eﬁ%&% %g% %dg%gcogﬁfégq%gie% £ﬁer ei n. The
recitation of Hm}nﬁﬂnﬁadtraltearkgpmlby oénhkpooﬁﬁustdr nmlotmqbeﬁeralgivmuiﬁﬂam MY, the n

t hat range g 5 inclydes | , 5,2, 2.7 80, 4, 5) and
any rangdi Q%’i%ﬁh‘fi%ta‘é‘é‘:b { Ensparoad cqdhigtiymeR oo %Onéapféeg@. eage %ﬁtua%ﬁl t he
appeqded (gl @i {Bof § B@nt%tgﬁﬁl & wEQLBlecRically {olatePRFhduLBE deﬂﬁ@ IP#=Space
enbodi nents having plur referents, unless the context clearly dictates
ot her wi séctvasenuBethesnreghins; speci fication and the appended claims, the term

"or" is gener nit ense |n | udi.ng,,” [or" unl t he
context cl ear Ia“l;) 22?@1‘%{5? %Prfé’Pah@%f micropa te@s f‘?fstelﬁa)ﬂ'iarygf Rr Léh?/&é\séﬁ?r of i ght
transpar Qﬁ\bthef &hBsEmcht dMBe toR¥Rkcredn kh%&%&&in@ﬂo PP(GnH ahd | east 60 percent
transm ssive to at | east one polarization state of visible |ight, where the

percent transrilsi2érillbgratesravpoitive dfithe eorsuctor emisiapgtiern given i e the
optjonall ol arj edI| Wit hin ani n of. VI

tr a%(g par trtL? nollncanlngrat 91]% ¢ ltl%htt traﬁ%paaﬁesnﬁ,‘ C n({uc v n%nerh tannger % {ea%u?e n

i nci dent th¢ @hrin 60a coh¢tdRdMLHOL eeeleetrfcem_{z wOea&eo( onductofl @ sosits Glithie&Paceor
lines with m ni poum di nension, e.g. width, between 0.5 and 10 m croneters,
or bet wedityeoaibe BICkh EWEt ers) that block light locally to | ess than 80
percent trans €] / £);
however, in sm?c:llgl}sggsﬂelgs(ﬁa% gg h\ésf)ap%g%%ré? éﬁjﬂ% E@gogﬁg%??ggéﬁﬁgf&gﬁg{é he
m cr oscorg'rmph‘ bahglaeplotnel Pereau rof r(g)eh(mﬁat\ismdmbter tiané wakdth dirmeingomoteod), t he
m c scop eature.in wdth, average transmttance is greater than 60
per Blle tbemgs%q%mteaf&}l%&%stg%t c %&HS%&éeant%hs%?egnv&ﬁﬁ?r

el ect rl the A gahg G&fteran Bbﬁ@a%h&lﬁ? ab B&hp#ALE t@ﬁggm@remmégn&pmaqﬁg kign of
conductor mcropatterns conprised therein. There are several advantages
that are testeapted! tmrrhtjz ofithe teeergimenRerenbyf Open iArcoipusedtinternchefigtahly
conduct or crop frns g]gscrl bed herein. In sonme enbodi nents, the
transpar e‘?‘l U FUAOB S ti es within a transparent conductive region

are engi neer edr1i5026 and Fit. 2hi@lustt L€ §dahkia e[é@ir@ﬂbh&bnﬁr@%ﬁaﬁlﬁtoﬂ%é bédmndtRe
touch sensing region during use. This 10 |eads to sinplicity of signal

pr oe&ssi rfgr dicdaxpgniab mcalh dhonfesimes GAisITEd e hs leerXeéne@éﬁ@fbrsqltawé@sls ith@plarem ty
in the de of, t I d
pat t or ns dareRsit & BT B gbenlo, 15 PP Seihel B BB FERUE IR o
(el ectri gattefni of ehe hiefae&bhdlﬁitmoahd the &zﬁﬁ’ﬁar%b@ﬂbsléﬁfstt‘he shhﬁra@é eséd Iuﬁiﬂie
properties of the touch screen sensors described herein are designed to
generate Exag®iesr ol | ed el ectri cal potential gradient along a IS transparent
sensor el enentpick. g7 074 N OhESIdSRlvRPAPTIbEDAY fs(fHkanadut Gl cal e 2
|l i near electri cal pdten[alﬁal gra |hen Ve P Sﬁgda paorftaai ca ar g{%r ects?ron within a
trabspar ent cdiucly,28a,raadi28b jlhitstretcomapad porsbiaye ackecovtl rittemed Isdbsorath; nar i |y
| ead to a non- ingﬁril radient if st andard téans arent conductor, materi al
t

was used (e.g.h BIFS 3 RYIECHALGAREGIVY RS BUIPRETE SSnspglement

el ectri calonARREN frdbRIhAiRt HARBIINRI Rl §8bSrattsloB YRG0 a@ngl i nearity of 20
el ectrical potential gradient for a transparent conductive region that is
greater than that which would be present wi thin a transparent conductive
region of the ang shape t co f stan ard t rent c uct or
mterial (o g TROBHTIIGS! PERREM Prgy A PEOGtaid APERLER sRERYG) o
capa@i t i Vet QiGIonSHiE L eTHvERBRIiH §iilDGe AnBEBLIURHTHhE LaNSPR2MERbeS feRFeragnduct or
in the formof a mcropatterned conductor with electrical connections 25
made to tIREEBEHERNSE Gfvenhegusensinay indensigd toHemitithe gpmpgnestt ie|aaether dighre
pOte”t'aHJQQQPaﬁﬂhxﬁﬁﬁg %ﬁleprnlty of electric field) across the sensing
area in the Vertical ‘and horizontal directions can be i nproved by

engi neering the area distribution of sheet resistance values and ani sotropy
in such a way as to distribute the field nore uniformy. In other

enbodi nents, the sensor includes conductor elenents conprised of the sane
conduct or naterlal at the 30 sane thickness (i.e., height), but with
different effective sheet resistance by virtue of mcropatterning. E. g., in
sonme enbodi nents, the same conductor material at the sane thickness (i.e.
helght) i's used to generate conductive traces that define a first

e e



WO 2009/ 154812PCT/ US2009/ 035250 geonetry, leading to a first |evel of sheet
resistance in a transparent conductive region, and conductive traces that
defi ne a wWocomwdsssier opattem geonetry, |eading to a secomdTiuseel/03$25¢ heet
resistance in a second transparent conductive region. This disclosure also
allows for inproved efficiency and resource utilization in the manufacture
of transparent display 5sensors, e.g. through the avoi dance of rare

el enents such as indiumfor sone enbodi nents, e.g. enbodi nents based on

m cropattemed netal conduct OrﬁETAILEDﬂ_ﬁgCﬂI?’ﬁBN‘”e further relates to
contact or proximty sensors for touch irnput of 1nformation or instructions
into el ectronila theviotles/ife dgscriptionputfercace delrhadeato tied eplvomesyingt sct) ofThese
sensors arc visible light transparent and useful jn direct conbination with
a 10 di spf{ra‘yl,ngw&nfm ?}g)aat hereqdi and gy V@ﬁiﬁﬁ@re shavn BY aray LI uilratinn 2euedh ce
thatsdri ngtécilﬁ? %gﬁ)}oﬁ%é?‘ﬂ(s. ( &Sis Qo YO sRITICRR ofhEN érlﬁ’f)édim-gﬁ@ I aﬁ’@ @éﬁ’t’ém?la?é_@ nt

has a she ormand includes at |east one electrically insufating

vi si bl e landmbayt beamsgraweheutsiehating fron tiy ecopchatsps i diret resme inyentnor. ellef t he
follow ng: .i).co cti,ve materjal.(e.q. t that is nesh patterned onto
too oif 1 Pl iR SRRIRE PRt iRl dia B Bl BT e ant e
designs so as As@&RETAN tbchntddPtctBY LA eVdih Ravl héiRtcof i@l 1% if et

resi stance val ues, where at | east one of the regions 1s a transparent

conduct i et riadisenotheratisd iseecified: hi Ahehdefintions- penddady harcam o tohdagibateor ;

i) 1§ Onduu%t(ilfn%%n%tg%rf Icgllﬁaigl‘:f‘e'rgﬁs’usgg tfr%(llllenttl?r%tereliﬁ atf %rte%lbp %ar%ntg ?ingip essg#;face. of
t he substratée In NMESh geonetry s6'as to genérat€ a transparent conductive
regi on t hiltthd presenttistiosurthe touch sensing area of the sensor and that

exhi bits anisotropic effective sheet 20 resistance; and/or iii) conductive
material (e.g.Unlpst ahyrispaindicatodaatlopialrd SERroptiee SHHIaceZesf amREMEUBYk rat e
Ina ”esg)hgﬁegﬁen%;og ed ALy gkl {pﬁ&tﬁ'cXt%ty afd €kh! GA toY bef%ﬂ&ér?ﬂg%‘%s hein

t ransparent condu five regl on, e geonetry varying wthin the regiomr so as
t o gener ahedified fieratininsteateseby ahe ltaoal aleft.EctAcerdhgel unlesds stdacacel ton that

| easf one direction (e.qg,, continuausly varying sheet resistance for the

tr afspar éffURFndfifchy @flqu&@ﬁf&ﬁ)e,te%@r@ﬁ%ﬁe the §PaROINE SRes Bt Hdy Hechthsi ng
area of tdifnkQHS By6KaRkions that canl 8y IRPSIdN ﬁ‘lfcﬁlathefdeﬁrédo;%{%berﬁgéﬂ'&ﬁfgh{ ® that
region of the sensor that is intended to overlay, or that overlays, a

vi ewabl e hearbtdingl pf thase skntfadrinmghd arhutdizmgd iy teactings dstlesds lerdinght t r anspar ent
in order to all.ow viewability of. the inforpation display. Viewable portion
of he i nf or met RoRPUrER e M BpLTages RaEndRires stishe all mis P Briogh s pi ay
that has ghanggabl ® SQhai@kNBL DM, COTE, N3, 80849 and B? aR@Tahiy Gn S wahidi Gl ay
"screen" that is occupied by pixels, e.g. the pixels of a liquid crystal

di sp? ay. "®e2009/ 154812PCT/ US2009/ 035250 Thi s disclosure further

relates to tou I N t.ar f . resi sti htiye, and
proj ect ed capa[gl %@éﬁ‘%i’%&%@%@ %?3896?18%4 E'l? }Ilgasngiﬁasﬁlg arcf%%l?dsﬁf:ét bra\{1 ’

m cr opat tdnghér eng@aifaks dhidbliyncnsehating @lurpr ejfeehsd uaRpacid torettodledilyscr een
sensors that are integrated with el ectronic displays. As a conponent . of

pr oj ect edligtalsaetherwige  H8epedsiartbisspadertion end threanpradad) daimisgie terPadpiy ent
conducti v 1 %@H n. a f r b i itV y,
multi-to cﬁglgg%ect |I§)}§e,rd glngggt&flslgulg H.“&%&t %a% %g%gﬁéeglﬁbmg&gfgﬂngrg@d?ﬂfc dé%%nt

| eved s ofotldredse. r esi st ance, the ani sotropy of the sheet resistance, or the
varying | evel of sheet .resistance within g transparent. conductiyve region
can be contr o|4weg§wf% a@%ﬁg EATSPATEH) TR RER P! HOERSTIIR O e up

the 10t r aRSRAY @Nperlirk HARGHEGIBE, HABAYEEOpSariARiol8EE bPadibRel . wihi kg t he
pr esent invention is not so |lim ted, an appreci ation of various aspect s of

t he i nverntcrent wehdmipsomad newnalized ty thcaaintinsty 9fithn insidenheoptivanihyl pelaprali ded
bel ow. light. It is within the meaning of visible light transparent for an article that transmits at
30 least 60 percent of incident light to include microscopic features (e.g., dots, squares, or
lines with minimum dimension, ¢.g. width, between 0.5 and 10 micrometers, or between 1

and 5 micrometers) that block light locally to less than 80 percent transmission (e.g., 0

-7-



FIG 1 illustrates a schematic diagramof a touch screen sensor 100. The
touch screen sensor 100 includes a touch screen panel 110 having a touch
sensi ng awea0Md5481The 15t ouch sensing area 105 is el ect PCTAISR§0Im32d ed tO a
touch sensor drive device 120. The touch screen panel 110 is incorporated
into a display device. FIG 2 illustrates a perspective view of a
conductive visible Iight transparent region 101 that would lie within a
touch ser$Teghamewcuer. dnt gl Fasess den apagproximaely capigeed @éq@smbldarge&lel% in
FIG 1. o

vi si bl e }g%foﬁgé:@y?éraglﬁgag# %ﬁ?guglﬁl%s}tg pg%ﬁeﬂe%}% ﬁﬂ e@%%?orl}l%it ?/Iﬁ %:rg%g’ Ctive
nicropatHémnmﬁﬂ®wdm$ﬁm$edagﬂummnnnmkhesmmsmbﬂmnbOQhﬂmhﬁansparent Substrate

130. The visible light tr nt substrate 130 incl ydes a r surface
132 and is el edterpresanf glise St e affg, toFARCh, 1CEP98) Snpory Yt ?%ﬁglﬁagﬂ Jéw oRiighst rat e
130 gan oﬁ&{léﬁe%a@’far@r@ﬁ Hr%&feﬁl th% tﬂé |0Y doﬂaﬁ’ét&t QGroPRERhd @bm ??H&Qi as,
e.g., glass or polyner. anp es use polynmers for [ight transparent
subst r at ¢hd@8. | hb¢radee zs\mmzilyzetvhyﬂagefsethamlepctredftad doretoiFiEByream denpot syt Itiysl ene

napht hal ate (PEN). The el ectrically, condquct m crgpattem 140. can

fored. of nEPrIraPa) P O sP Al ik ey b gpe. IR SomEEnfiodisfy g

i1 1 ustr atigssgite®eofdRYist @B gefics Wathih B tABSRFNP o chee FRMAULE bNEnddred R €

i ght transparent region 101 that would Iie within a touch sensing area of

a touch seonwehthpainsiricabpaientad!|gradigwrwighin phleagﬂualewrtsmg regioa durlalgdlsy s
correspo he mnd h dj «&n axis IS
typ?‘r(g al | )r}gac\t 90 gln%pnICltY ﬁ? Sl Irl]ag éoc(e%nég g‘l%ﬁt?()mé]sta)%d for%g(o: | Ool'}lCO regn sens?r type&l.h is
convent i (yfmp\hdliy hehusiedgh bf ¢orgéloniatioNbL s bl €b)iageitidhalt @ﬁldudtﬁr piteerdxi S
systen1of FI G the x axis and y axis arc defined to_ be éﬁrallel to a

maj or surth %tcévoyéh agherwigo Dpougerisd iy pevrticglopocots 2 sodigne (elesiiiak figlght
transpar i, SURShH' %%oﬂlﬁ%nﬂa%ﬂl ‘ﬂ?e{rﬂ@aﬂ%l rBﬁeﬂ%sdéﬂhé@(gl LR sgﬁsoﬁsc“ ons
of a squar e or rect angul ar sur Cé. e Z axXI s IS perpen ar tot

maj or surdesarébedhdrdiis ateydesipatd Y gdnorge & hen&&ledleﬂmﬁﬁcadpotemhal(gmacbénttahmga sible

I|g transpar ent subs rate 0. A dth of the plurality of line

A et 'gEh% el goticak PFPeEcs Gl deyiRrd tmce?%aﬁtnéﬁﬁ 140
Cor r eSporb(ﬂecrtr‘?ca@'iBo%%nQ!ﬂr Salican al@h? taa&ﬁﬁ'cﬁl&r dﬁé'&%oﬁ’%lﬁ{lh &l tréﬂsﬁ%ﬁt BRItV
features that extend |Tnearl axis and a y-direction distance
for the abglho,gdnmveralhelaaperré‘t‘ahiChcwcbléétqndmsrllo'oméstqz)olnnlott-bn@rvgr@tilbntoﬂf a he
or t hogonal gar net kness .or h | i near
et art; ¢ yadelf BlosBEH ReopfiiS vt gt fsBnotn Bhaih Y sefinek offesott
enbodi mennshodihiénts; aReleedctrical wo@bhieg akd g@ﬁl%ﬂeﬁatﬂsd?&ft@ Atlev@Pfadnlthkatifass woul d
lie within a_ touch sensing area of a touch screen panel includes two or
mor &0 | ay edestipfal wotpnbhlegipflight for raatisrapisat cendystivaragionsthak e arehigy ﬂnﬂg that
conducti v 0
deposite mﬂﬂ (R@?%Egﬂ&%ﬁf g@gliéﬁgggg%gugéﬁéﬁxg§%%%éfgﬁégS%Q% %er%aced

with a di @pipaqyed of 4 enidaad tratigarae tetict spltalal (0f., taitnoRalTe) cda&mg).sml ay,
the substrate 130 is visible |ight transparent and .substantially planar.
The substPeelciild farieresengdr GrRYCIE: YUBR bR SATTRFISHIGHATRNAUY FeRPHIRt By

vi si bl e |d,ght bt Pﬂ‘L%t fori3f o Irffic %ﬂérnh& cgﬁﬁctdrn&/ﬂﬁ ch3) C6n ct1 ﬁseXt

i mages, or figures I's rendere by t I splay can be viewe roug
t he23 ouchmakeneahe cdimerswifethalbbéisirtgyarandh¢ Hacws o€ riegtricanpdientad igiraehed (:imir
posited netal, even

touch sensors jncludi ng conductors in.the formof a 20
metal t hatl! Ogm%aﬁé\ﬁfteg figleD oo UrreRngTERtn i SEgIeek gﬁaogeﬁntﬁ fdjrctions ¢ he
netal is dgpesihpdvid b@?ne@%eﬁﬁg'tﬁé &réd ‘Elfsﬁﬂﬁftlbﬁr(';f sheet resistitRe CRIIGUCE{ve

m cropattem 140 1 ncludés at |east one visible |ight transparent conductive
regi on O\ﬂ@ISIOHVPYlgl such iaevitrsdo dotriiupntheflicldvaodt wpfoamlyt. hén othenetebadiments,

It Egoggﬂ :tg%s BXE I blg g?tgci}\%gogﬁtlern?e%%sp gornelf)‘]rfise r%thec tsalm\l/ee bor\llgq %or rnatelrlaﬁ1 a tllles that

30 same thickness (i.c., height), but with different effective sheet resistance by virtue of
micropatterning. E.g., in some embodiments, the same conductor material at the same

thickness (i.c., height) is used to generate conductive traces that define a first micropattern
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25 be viewed through the region of conductive mcropattem and that the
region of mcropattemis electrically conductive in the plane of the
pattern, WO 26e%aséesi2di fferently, along the najor surfacePO/ush@99si280 r at e
onto which the conductive mcropattemis deposited and to which it is

adj acent. Preferred conducti ve mcropattens include regions with two

di mensi onal neshes square grids, rectangul ar (non-square) grids, or

regul ar womsragléﬁhng 'F?e‘t st leyel affvhpct resivivse i g ErapsPAESES Conslurtie EEONo¥Ed open
areas wt r C 0
eIectrlc(ﬁh@gﬁgggggaﬂ?ﬁn%]ggﬁﬁgggg 0 Rg%h&ﬁg%ﬁh%Q% BQHH (§£§%%§&gaglbp
associ at etlegtaedstaioerin hrsacmsd teinspdngiticordigase aergeorr eTlﬁs dfsdloswre ald® allows for

2009/ 154812PCT/ U 009/03W$50 her ei n. as ceIIs r useb eonetrl s for
mesh cel EPFHEARAECICRRGBRT EBONTCEHEP RN e 8’@811 Ptuff'oP dapgparent display, some
embogli Menffeord, 1€ oCORANERT YR LIaRERARE! AnLILAGE ORRHCL IR 0BRGN arC
designed not to includ€ segnents that arc approxi mately straight for a

di st ance qurtedireent§ ctghambotiencotsriiserboh magepdtterngt masdl obndr@t(aslr acent cells,

preferably fo adj gcent .cells re referably.three a nt cells,.even
or e pr ef or abl 15 gty S daef 1 oBRBeEhEPEkimeY, SR BF I Ferlsh ng
the m cr qRfrinBfidh 8f ehseasti@RadtoNBlkctidhi¢ AEVibEle(SEIBB AP el NBdlvidrecRbhdicght for
a distance greater than the edge length of a single cell. Accordlngly, in

sone enbatl-hrehose S@IﬁerSt gre ovessble hight ttélt&pn@nt h@d msadulopaditeshremeinaiamn thha?t ght
OyEF ! On%lt%lSt AN&FRi n%Ma td]hSp%’P’ ele IIQ&fn? I 1{qﬁe wfﬁh %e(f%w[cg?llta? riy®d th%vd‘é3 é)lay

mi |17 et €1 Pact er 1en ne sé
just desqué betbuchrserepar &trfsut)arThe sestecfwéleﬁlart Ha@wcﬂles&nleeeforﬁtembrnslu%g bt t he
advant age of causing mninmal disturbance of display viewability The

t wo- di merl§¥sbARg els@aﬁ%twswntaq\é%lﬁrttab& {rRRAPArENE SUDSERTE davigT thahatpppﬁs ORnet ry
f th {rat

can be HipEeR A olBG R, 3\ onho Rl IRl Trnffin Tl AR po Bl ARRLGA! ©

properti ebffaknt fegionsnfithetsabstragt @nfaat w1tt1ctwa¢1nﬁfmmt mgshadealgns s@asipageantate

conductive properties t usef in.touch cree sens

fias atweot%ﬁrrad@* étffrrﬁ%ttt Hzéfa)s S FOURNGS v vlles Mg ft fﬁaﬁdw& gF the
rrat erial regt%n@mstt%ﬁsﬂaﬁe%t ShAMaive Pdlio $haf HeE %ﬁt@%eat%ubﬁ SerRiHg karE@%f %ﬁé vity
divided by its thickness, in the present invention different Ieve s of
sheet resrsﬁmnuécan@umwguneemddﬁhy numﬂbﬁaﬁU@qmnm@ﬁdhHHQObbmdﬂ@moofd@:melI
In some e i ments wo- di mensi onal , conduct i attem s, designed
Lo oo oruBSEE b Sk Bty Pharas sRbdurr BRSS o EC RS rh b3 S,
vi si bl e I\ighih thé ieRakRiig 6RADBIGhE Kensof gh®Mat Rkhibhte aﬁ@ﬂ@@gle cBYctan SRk opl C
sheet resistance, what is neant is that the magni tude of the sheet

r es2&t andesiginachand/omidid condustivg metssiat toeg: ;rrrnr:tgl)d gtfippatprneghuvio dsrssees ed or
del ed t
erbod el iR R ARl PRl AR ecively eleBrERN btRthuol BB Een |

achi eve i®alli@ptcegiofether gonSdtgNCAying @uﬁmnmts%gf«sﬁ goe@ o gbrge, dlﬂer‘éhﬁi bl e
l'i ght transparent conductlve regi on) of the sensor i sotropi ¢ sheet
resi st anc@lueirfit locdl plientive| shegthipistanee rtwﬁllwa@nefdltq%% Kedt oatnwWushce of
t he cond I Gt e ng
any tuo P HEESHar SREGRE for e PRRAST, SER RN "t gk t”édf"e%fb%q%%fe
grlﬁﬁformmdnmﬂkhmhmage&aofﬂmﬁnmﬂamhymrdth for both dlrectlons

2009/ 154812PCT/,US2009/ 035250 Anlsohrqglc S resi st ance mrgﬁin a
Cegi on can i nclEAENSAEAIcH Tt oghsaisPhisdhe REoRA B T RSO 10
percent ¢\Rahe rorttmrbvéﬂarssﬁ?%%wa'bfé%o%@tﬂ 6€arl Hlférlﬂ?atl%td'fs%%nﬁid idi 'v'[sﬁ% i Ht or
at |least 25 percent gredater, at |east 50 percent greater, | east

percent drasapasent latordeea@tallQ\@()nqyeab@l@mtofgln@mtf@’matlan dispbeyt ‘Eﬁwablerm)etmn of

greater, ven at ti

o ot r o rEERBh P BSnl o FimerasH g ohrorindn GEEr EREBE hediBisablee o
one3@i r eGhfoRRatidiatortént 98 £athe ﬁaohtb@mﬂdt@tsll&aﬁetcré&srtﬁétam e€cupied Biepireishe@gonal
direction by a factor of at [east 1.5 n sone enbodi nents, ani sotropic
sheet reghepaglbe@fwiligniderastiledsnd®y-i ncl udes sheet resistance in one direction
that is greater than the sheet resistance in the orthogonal direction by a
factor between 1.1 and 10, in other



10enbodi ments between 1.25 and 5, and in yet other enbodi nents between 1.5
and 2. An exanpl e of a conductive mcropattern geonetry that can
gener at e WO8@Y1S¢4I2Cc sheet resistance is approxi matel y &CTAS2e@9Hs3250
mcrogrid (non-square) with fixed widths for the conductive traces. For
such a rectangular mcrogrid (non-square), anisotropic sheet resistance can
result froma repeating geonetr¥ for the cells of thezgrid t hat 1 ncl udes
one 15 edge t hHs idisclpguisetustbat rilypyér Quehpcrase sosnss thad siug of thgresitivger

t han t he g I cent ge h t

| onger tﬁ%hgﬁﬁg;g%ﬁe ?§%¥ég§%%k% tﬁﬁgg |EH%Q?QP%aﬁg@hgﬁégﬁég?(&ﬁ@%g ropic
sheet regshstapatensare petiaiadt ectfidyorproydcrg daheacitiwatolclofcre¢raasor drat are
different. directions, e.g. in an aotherwise highly. s trical pattern of
cel I's forngeiRdhwIthRIeglamp dsphiyst A 4 %&f{l@ne%tp‘ggpﬂél?ﬁ%%g@%‘&ea@ﬁb“mn

ani ot 1 OREARNSAL VM ALANEAshoR SAURISe cAbhtbhlarcnfiabl YaHibatih o 0
with pitch of 200 mcroneters, whereln the traces in a first direction are
10 mi cr ortev@r snsifidigy, amdtittdechtdetaogen,iandtshydusanpitogonal direction are 9
mcronmeters inwdth, 7.5 nigcroneters | jdth, 5 mcroneters n w,dth, or
even 1 m cr omeRr Ot HRRA Gty bpP b b e H88r oS HBBOM NP h e 68 on
can i ncl ud@standel Bi R, vaiEAs WAPbEsiRbeRkisTASE SARNLE traflspaR @t dbrRetivORgaid
essentially infinite sheet resistance in the 25 other direction, as would
be gener arpdbdyontrelindt by nthef gqearcatigse bl duadiimensyenal jmeshes |thatsovise up the
embogll e S A (RS RS e PRIN Bl G, ANESLSQRLG Sheet resistance within a
regi on i ncl odes a i |Ee, neasurabr € sheet resistance in a first direction
and a finite, WBAStHaht&nsheeitionesindt eiitbd) dnhgpelictagioh o Rasishagasiadf t o
the first direction, For the purpose of determ ning whether a region of
conduct i VtBe mVémwawleberg%edstbrqugg@rdbss%m%lroféh@ ey rrovided Pglpw. be
appreciated b hqgs i i hey. t t Hedi of

i nt erest nust%gglﬁggggﬁgf%ggggtS%EZ%%£%gfg?%géggga%%£§§§gfébgfTﬁgé&&m

m cr opat tsergen sensoB k@) meluvdvantounk asuerepart $10haviad € tduah sa@sgofrept @HETHd es.
E.g1 once conduct or %i. VO 20qg{154§ 2PCT/USE009/035250 Bata%hne at

al 1157t itQudhy sppine g 1Qnés ¢lectaetlBeeourlqdoioat taish antros v dsVish Wi chis o
make a ”ﬁéédhrs%%ﬁtpaﬁélqtlo‘{‘é ﬂnkoﬁf)bﬁﬂtéﬂiiﬁtodal cfligﬁﬁf—‘ﬁ&%_cé.n sheet resistance for
different directions of neasurenment. The follow ng detail ed exanpl e can
make the poi ntFlfioRellwitretes layerspEctoneiconti derdadtiee wothtiulcghd trapsplatast regodn

i sotropic try.i.n the formof a squar rid wth 100 5 m croneter w de
conduct ort ARGk 4 Vil b Spmihg B o a3t figtiesn aBFIr & SHHED SRR 900
M Cr onet iress AMAMEFICNE NI THEScohBudthe vgﬁblelighﬁﬂﬁls?a@nmgﬁnf @UrindlQldta VikiBRE
measurenents of sheet resistance within one of the traces along the edge of

a sHlar e lippetrprigarent substryge dBe anden elgetricalbacongnetiviegnisrapaternHé0depesadiavear | y
arranged pr. . ] hn . r.ati t wo
curront . sToRRE ViR TR BIRD LB G L Oufbie AR AhAPRBRHEEL [ o\ o7
of sheet ihdsdstanaprwutthcde3Tahd bl dét@tdcdlly bhdatiigas The disitad light @inspatanent

and vol t age dependi ng. on_ whet her the probes were aligned parallel to the
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t he sheet resistance shou e neasured or nodeled is greater than the
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enbodi nents where the conductive mcropattern exhibits anisotropy of sheet
resi st ancbsnlay. a Thisggoamentipang bl Be juped thaeusdiont: anlepaptntwiso ntrdt | Wgthexdxtie t hin
films (e. i ndi thn oxid - ) L hid. i [ e ' nce
in conti gsg(s)tgrsn dr}?glﬁonbnéﬂhg %&‘f eﬁ%ie‘?) %%%grugcdtegl)é& Fdnlsei 1’??3&{1%? f%?“ai%ssgl?faéeﬁzézzéﬁ
nmeasure or nodel that as four-point probe neasurenents of sheet resistance
of a contiguous region are nade in different directions and with decreasing
spaci ng between the probes, the sane ré@dings of current and voltage for
different directions clearly indicate isotropy. In sone enbodi nents, the

t wo- di nensi onal conductive mcropattern is designed to 30 achieve different
| evel s, or magni tudes, of sheet resistance in tw different patterned
conductor regions of the sensor, when neasured in a given direction. E. g.,
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WO 2009/ 154812PCT/ US2009/ 035250 factor greater than 1.25, a factor greater
than 1.5, a factor greater than 2, a factor greater than 5, a factor
greater twenro®os48912z even a factor greater than 100. |n gOwASeemdmdsk2sent s,
the greater of the two sheet resistance val ues exceeds the | esser by a
factor between 1.25 and 1000, in other enbodi nents between 1.25 and 100, in
ot her enbodi nents between 5 1.25 and 10, in other enbodi nents between 2 and
5. For a thegiishlet bglﬁetrwg%rﬁa@au@gawaw%@né BRY feoFIeHIond hieetvigtBsangk tonel f rom
t hat of I S er or
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in a measurement direction are useful for designing a visible |ight
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el ement a resistor elenent, as part of the touch screen sensor that
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a sheet i stor
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SQUAT e) amdvﬁmﬁﬁjﬂhyugnthegb@omfobmbmmwdesngwnqmnsnwanmt&mt¢h@1e@ha of
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above, may |1 hin the range of O ohns per square to 1 nctgaohm per
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t he range %£ %7 er s%uare g ?nQodinenti, 1 he sheqt
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ohnsg per Heduamel ndtWolshehe® rﬂ@ﬁdﬂld’ﬁﬁ@ tiSices di€ing RAelbsddeSichtaddtS Syvitin tHtemesh
conductive nlcropattern falls within the range of 5 to 500 ohnms per square.
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falls wt t h 1e[iE}
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wi thin the range of 5 to 40 ohns per square. In other enbodi nents, the
sheet resistance of the conductive mcropattern falls within the range of
10 to 30 ohns per square. In prescribi-hf the sheet resistance that may
characterize a conductive mcropattern or a region of a conductive

m cropattern, the mcropattern or region of mcropattern is said to 20have
a sheet resistance of a given value if it has that sheet resistance value
for electrlcal conductlon |n any dlrectlon Approprlate nlcropatterns
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25 area fraction of the sensor that is shadowed by the conductor of |ess
than 50% or less than 25% or less than 20% or less than 10% or |ess
t han 5% WO 2b@s$481han 4% or |ess than 3% or | ess thanPR¥USRE091083280 t han
1% or in arange fromO0.25 to 0.75% or less than 0.5% The open
area fraction (or open arca or Percentage of Open Area) of a conductive
m cropattern, or region of a conductive mcropattem is the proportion of

t he m cr djsagie ap sebbn Sl vsefuf agemaeiriay & mad cills ipdpde Frademetlibyhapereand
conduct or; rea is equal to one mnus the area fraction that is
shadowed lg;e/g‘p%re&gg%éﬁct or, and may be expressed conveniently, and
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r eater tRAHSHTGEARE P RRH B G EaPLRoL RARIFoA B BE 1 5R,
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sonme enbodi nents, the open area of a region of the conductor nicropattern
(e.g., a onmbsidpnents,ithhiragasdhafpleiianthomimoraticuearcagt oyightsovse langedisi8Oosand
99.5% 1 n other enbod nents. between % .5% in her..1 digrent s
pet len 9556 Mee B0 br BrieR RSttt Lo it bt Ahd T ot S R e
enbodi nentsidhetine 8eghoifts, alRduGfigscrited, he RitienarBnbedilnfontsichBcteon 36ns90%0
Wth respect to the reproduci bl e achievenment of useful_ optical properties
(e.g. hi ghith thgdrandagest cawdng minigrbdisiugiangs ob@mlaevicyabiiit-t ern el ement s)

and el ectri calpprQpesti.es i 1 i%@mg > i d erred
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interference with the pixel pattern of the display_.and to avoid viewability
of f%e pawlépﬂn%_eémg‘fl f’@.@ﬁﬁcak%ﬂa}éﬁ&ca PoBgyeHpT DhfecdEl oA 2 user
or Vi everychihe sl AL Sh- SR RBhAROE phERrFQNAMCE ViSRRI B1ith S8k e: - -
the width of a line or conductive trace) should be less than or equal to
appr oxi met.el, whs@asiacrooteues (un-patt@ocd))eleposihancating gl abndustappatoxilneasel y 25
m croneters, or. |less . than qr .equal . ppr oxi mat el m croneters, .or |ess
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t ha?0 or egoaucterasgppk oxi mately 1 micrometer, or less than or equal to

appr oxi mat el y @ S MaramRlale (RAWD EBTREMROHMARALE piliBFa 0 MM LRS! on
of conductive pattern elenents 1s between 0.5 an m<cronmeters,” rn other
enbodi menichiche tiie&rofdec Sheanttsidantd B DEGldactdve refiodl(bgr, aandioldiliFantrsnshaicueen |
and 10 micrometers, in other embodi nents between 1 and 5 nmicroneters, in

ot her entfOafHENE scMEdle TnaRTd BY #ivtoRist Beel reyirfarchwhatdisanie thad thiet ween
1 and 3 m Soheal g ock en : d: 3 4: ' ters,
and in o{mgn%gg i trlrlgn?lggtg%&%%gpoggq%ng&ﬁ&ﬁ?nﬁ%g%\g&g?ts@ﬁﬁt 1@2@6&?&?0 t he
r ep2dducirhtasuad br evodnledtalonf; tweefthbgopt dicaltiops.operties (e. g. high

transm ssion and invisibility of. condg%ti ve .E%tt.erq el ements with the naked
eye) and el ect!Pi@airash 1B SeME cBLOdNigsSY sy T4 M prignalSOBESIHR BYSOPHIN i
l'ight of &e@i%n_ fbsﬁcrhf'i"év@tis&fop‘i’é&l{&gt RERGLE & o WAL %gi&g(e@,t@‘m;%le lﬁgﬁ‘tf erred
val ues of mni num di nensi on of conductive pattern elenents are between 0.5
and 5 ni drevsptrertsondustisc pegéwraflihy sdnsomddy isdtrapid shcatiresisastewbat iantantost

f bl.y b ..and ' . . I .he d i t.ed
o1 cctr o 7S Bt R oEpErTE? Tradhecot B SPRGHRY: ANERAEERE B e

touglh sengih, mendes sRbieleBatingalnlyYowonbieiodwail difRfiend i Bkgidd aalid Yhe
conductive material deposited, the display is shadowed in ternms of its

vi ewabi | i%age foy agquase grid forancd exjlelsacss obeqnsinhwidh fadededirdsfiophe conduct or
material is proportional to the arca fraction of the sensor or region of
the sensor that is covered by conductor, within the 10conductor

m cropattern. In general, it is desirable for a transparent touch
screen sensor to exhibit a | ow value of haze. Haze refers to a property
related to the scattering of |ight as -il%- passes through a medium e.g. as
nmeasured by a Haze-Gard instrunent (Haze-Gard plus, BYK Gardner, Col unbi a,
Maryl and). I n sonme enbodi ments, the touch screen sensor exhibits 15 haze

| ess than 10% in sonme enbodi ments | ess than 5% in sone enbodi nents |ess
than 4% in sonme enbodiments |ess than 3% in sone enbodi nents | ess than
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20t hus especially useful when used as part of a sensing arca or region of a
touch screen sensor display, e.g. when the mcropattern overlays a viewabl e
regi on ofwoheosdisssikay . I n sone enbodi ments, in or@EM/Gse0godsRs@At € a
visible light transparent display sensor that has uniformlight

transm ssion across the viewable display field, even if thereis a

non-uni form di stri bution of sheet resistance, e.g. derived from a

non- uni for m neSHSAFOPHS skeshaeréttange i Epgiont ¢ Bielide sBeqt Hesisiarce Bopnst ed
conguet oryideRAPE 1Al % TRRAODAUEL Al TGl SR LELORLOB 1REENFodfl
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Y
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transm ssef I6Yistings 1§ SpBIYIREEY dhicstinanlar Bligraggd monrwealfq) math fieegh wilths
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than 2 mcroneters or even ess t han m cr onet er Wth respect to
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transm ss [ c p t [
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el ectri cahicybmaa{salhedldﬂlepm& tnicrometefseire iadthy sbeiore@btey. ; andth,10r even 1
m croneters, nore preferably between 0.5 and 5 mcroneters, even npre

pref er ab|r91cm¢xeew Widsh. o fHisptioni Hieet epistangs é‘ﬂthﬁbﬁée@%fcé? amlydpedingen |
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enbodi nent s e arrangenen ectri cal Yy ISO ate conduct or epOSItS IS
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limting u yor abl e VIS e int actions. th the peri.odic pixel ttern
of "an uadEit irﬂaﬁa.aéﬂﬁw Brovent ﬁee%?ecgiﬂe%reefwwl%?%me

conduct or, @RROShESuBId st PEE:ARE Ghtay firdt NBIEHAEERD ANiditdd §nsiiaBR! Gheet

di sruption to the otherw se periodic placenent of at |east a portion of the
deposi t s,resistrsssn gha drgichon hﬁh@g@galtthehétjﬁm)ém@loand | acki ng micropattern

el ements that eFaQtr Bconnecte ner ati.on

ot ocess: ng ol ot ABHPIGERsE e BrRgyt S el uRERE SRR BE & ar o
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arrangenment of electrically isolated conductor deposits. In sone

enbodi nerihe regign poBresR8IARCTAISYY 9tlogsegolativetoethe seal¢ ebihe ynirwphisered
conductor S r t paral | d ed
cl oser than %% Ile e?:]?%n@? %rﬁgéngerﬁ% ?11 9alélﬁ§t§(on§ d\@u%gémes {Eagf o&cgg‘p%oglﬁﬁégﬁgces of
a square deposit with edge Iength of 5 mcroneters More preferably the

i sol ated conductor deposits arc designed to | ack straight, parallel edges
spaced closer than 5 nicroneters 5 apaf$ nore preferably 4 nicroneters
apart, even nore preferably 3 mcroneters apart, even nore preferably 2

m cronmeters apart. Exanples of electrically isolated conductor deposits
that |ack straight, parallel edges are ellipses, circles, pentagons,

hept agons, and tr| angl es. The absence WI t h| n the de5| gn of eI ectri cal I y.
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20 conductor mcropattern, that overlays a viewable region of the display
is segnented into an array of 5 mllineter by 5 mllineter regions,

pr ef er r edwoen®mrsgsizncl ude conductor m cropattens wher ei RCEAISR009f03325@

regi ons have a shadowed area fraction that differs by greater than 50
percent fromthe average for all of the regions. Preferably, none have a
shadowed area fraction that differs by greater than 50 percent. Mre

pr ef er ablBpttenga at 2BnHve traviglhion one do seleet # losatioband Aaealgions whish iy mpkea er
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that differs by greater than percent. e disclosure
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pl ati num® dPdmntny ~eopper . nrckel, “1rn > arfeys) and condt nat 1 ons- t her eof .
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m cr onmet eme té cdegiaue thehhirehkogs of et résistamndhatvosuld angdest aasattolpat ekhuby

starting with the desired sheet resistance and consjidering.the. m cropattern
Geohtt 1y (Pl MPastio Ign%ﬁlégtféparpfttﬁ%%m lfeélﬁtaneea?ﬁwwugws@l%mtﬁ in
the plang) @gpdcih&t g&lk&osru‘?e%' sk! vl ][vbéitﬂé idhe CARAMELOondRRtIlS kB T he

art. For conplicated geonetries of mcropattern, there are conputati onal

met hods imictdpettamt thatecgmpriscniat mesh, fthe rdacat wetlb @dsr vhich the shieti regstdeerent

met hods t hat, ,can be used to .cal,cul ate sheet, resi stance, .referred to herein
e model IGMETE BRGRERT Praverty iedidnaiin i el PORCer aRaf ol el
nmeasur ed pisficRillRgrdkidbian e leBERARLAY S twd BEllsUdh REIME @ues PBE BhecP F@Rince is

t echni ques and non-cont act eddy-current nethods, as are known in the art.

Exaddl es m¢asyrsdfogmagicked| cags thgilengtivisadhokBys o morstcellpén thevaeshi tonsheanthple
i nt egr at e[ge %ggﬂﬁlaﬂﬁﬁtrhf;ig% QS gﬂe\étsrte@ils ag&%pl ays, cathode ray Tube displ ays,
ay panel's," and 1i g

pl asma di'sp organic t emtting diode displays.

Conduct or pat tlarcostrast € efbodnicatstwieeré theasdhtgnive aniclopagan exaibas abgoddhy

appropriate patterning nethod, e.g. nethods that include photolithography

with et cHIffgeE reHHprGS! N thisgioaprrstistinclpiiag itrgsnasan copdygting gxuie thiy @g@s No.

5, 126, 007(;3 g(,'incﬁﬁmptﬁ{ gjg e,l\&'IT@)z exéibﬂqgot i shget%‘esig)t% &N, Mtlg&uglé%SQ Qf
the co p 1zZTng one O

Addi ti onal Ty, nduct or tterns can be created uti
sevefal ahdepnducenpl br thenttirodkse( eac had ingesigs et modache defairdpoing lpoal)c:

L Lo CHE e 10 UL 1, 0, TER LSV k) LU SRS
subsequent,deitRdcdpda@ibRPdding between the probes, the same readings of current and voltage
for different directions clearly indicate isotropy.
In some embodiments, the two-dimensional conductive micropattern is designed to
30 achieve different levels, or magnitudes, of sheet resistance in two different patterned

conductor regions of the sensor, when measured in a given direction. E.g., with respect to

the different levels of sheet resistance, the greater of the two may exceed the lesser by a
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3.Gavure printing (of a seed material for subsequent netal plating); WO
2009/ 154812PCT/ US2009/ 035250 4. M cro-replication (form mcro-grooves in a
subst r at avotheviségikl with conductive material or w th aPsgas2em0sss@l for
subsequent netal plating); O, 5. Mcro-contact printing (stanping or
rotary printing of self-assenbled Snonol ayer (SAM patterns on a
substrate's surface) Uilizin h volune, high resolution printing
net hods dasfer allePS@f malnowff @rfaﬁtroé@re@reérgﬁh gée@‘rﬁﬁﬁmcﬂ‘m%tﬁeth@%ﬁd%ué‘%thfegf@?é%nt s,

and al'so ql| 9"?%]&2)‘} \%ﬂ}e{%ﬁer(tﬂa%e}’d’%r e WQ@ct&fg’a%ﬁ&‘ tﬁl Sp@ tﬂleso% &88 ﬁfttsor s at

a scal e conpati comerci al aval ay p|xe
optical ahogehicesf (Hotwoeshaopicsistmed ml@at dxeedqils )thd kager rhayghfacmt fbeuwxaeﬁ el 25

10occur. Certain e dinments dis rein y flat si ded
“wire- i kK4 ORI PGFse Ebflméﬂfé eéwgqneﬁgg Sﬁﬁt i P@ﬁ%ﬁ?@é@ SHREAVESH sti ng
sensors thed ol 1d, i Sthtf &H@&bﬁﬁ@&% b‘é%@ﬂ@ta%% FBPQ%@‘guf)ﬂ%tbéﬂeg ed W Rl ke"

conductors, in sone enbodi nents, provide greater scalability and control of
conduct ora qbllﬁ&wnshﬂet trérastarics fpos dlidblod anbthbr tcgiongxti wouldchavoardhceti negistance

sol utions, M cro-conductqgrs discyss d her.ei cl ud ciors with

o e bt SRl PRSE! B it BE MRS G5 P b T af R T Sttt

m croneters i gnRbBEVMRLihGH s, MR FEPLIRIN f@mébﬂgﬁ@d iooficvVRt o e ndntibhdd | Zi ng
rraskl ng and etching typi caIIy produce a | ow aspect (0.05 to O0.5umthick x 1

i "tmto KDfferent lavelepf shcet weishaercios rtwo Whiteracd equduetar ml@mékw@se degtripalbduce
hl gi"(?r asc[é%{: %uoru%t I ICE ocgaglctﬁﬁqu ttgr%ecti gg%%%%r?e%gnsatﬂﬁt arF in eﬂectlrlcall“’iser

cured nas CI’OCOI’] ors Ively curing a

pattern wohtacamithl &arcan)tﬁérealoh@Saebounauﬁjhbaw@é@Qleesﬁ t]Yath@ﬂ the W jssttanhddn
either film (for exanple, PET) or glass-based substrates. An exenplary

| aser cur@Bdyaikicaignp s share Wﬂﬂ%@d@uﬂw PRI R0 g fetre pespeetie, pattern
bst t t f {t
cont ed oo, 6 Wallaffdu: 1h By U RTifien S hi FhicRba fARAS 4ckBngPHy €

uni form )acbmve thdfleilﬁﬁd:ramtetbvs]lsbnsﬁ slacee redidtatce efoarploediffepinn padertnicd gsondudordi p

coa ng) ; | aser cures a porti.on of th rinted in o form
i condﬁ%lf)Bsr t@ééreeeke%ﬁé%y DANGORE LUeuS; ilﬁ%@ footayt that %J@ﬁy SEnBYIENShg may

aI SO Cur & Uh Q& l)e ldnﬁ'%ttsﬁﬁ% do%cﬁhﬁ%”&e%e&' t%@ﬁl%?'%lélﬂh%%ﬁ%%@ﬁreg?&%s
(beam wi dt h of the | aser may be reduced by a photo mask);

are in electrical contact along that boundary. Each of the two patterned conductor regions

that share no conductive boundary between them may have uniform respective pattern

geometries, but again different. For electrically noncontiguous regions, it is within the

20 scope of the disclosure for them both to make electrical contact in the pattern to the same

solid conductor element, e.g. a bus bar or pad. In some embodiments, the micropattern is

designed to achieve the different levels of sheet resistance for two regions that are

electrically isolated from each other and thus can be addressed independently by electrical

signals. Each of the two mesh regions that are electrically isolated may have a uniform

25 pattern geometry, but again different. Finally, in some embodiments, the micropattern is

designed to achieve different levels of sheet resistance for two different regions by

creating continuously varying sheet resistance from the first region to the second, and
example of two regions that are electrically contiguous.

The two dimensional conductive micropatterns that include two regions with

30 different sheet resistance in a measurement direction are useful for designing a visible

light transparent conductive region in the sensing area with a preferred level of sheet

resistance for that region (e.g., low sheet resistance between 5 and 100 ohms per square),
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WO 2009/ 154812PCT/ US2009/ 035250 4. Uncured ink is renoved (washed off); and
5. Metal plated on the substrate is renoved by etching, except for the
pattern umOesoyisesiaaski ng i nk. Inkjet Printing and pl at iPQg/uskoem®ai2sé nk can
be used to create mi croconductors by 5 printing of the desired pattern
using relatively wwde lines of seed ink (catalytic ink), followed by
selective curing with a UV laser, and simlar to the | aser cured masking
process dBddinge@ryvipege anrRBORIGIBhest eustre emHioally, cdsdesigminghan eleetisal i | m

(for exargf%ﬁe.%ge. )a I%Eis%%%iseﬁleng Lajg’gtaﬁ%f %dtogéh%crg’éﬁ =R Wtﬁﬂ%ﬁ%%ﬁ%ﬁfc

wher eby: In I's 1 printed onto a substrat aser
65 cur es witlporth¢ considg tive, dra rsBbri diémerttocohgqrrising & rshes nsbudtucor elithctheodes 68

in active area(s), of the tquch sensor, and. al so cyre (wider) |ines that
| nt er conrBHABrSElFESETM TE @Hﬁﬁ%f%}stoaéa%ftlegﬁjégbEh%%ﬁwqﬁ?w(eaﬁtamf)ebqt%@% may
be_reducegdohy, 18 000 Ynths s K%ﬁarﬁsﬁxd%% inl [t oB oftRPRYEEh CHRRBAG, efdf dre and,
4. The cured pattern of seed Ink Is electroless plated, (wth a conductive

met al ). Toestraij aftmipmuiminigripe footoes of themégstees t he anobunt of ink used, so it
shoul d be con 'dered[ whetre Ir}l%ﬁ ar e e%\pensiveﬁ for exanpl ,d.seed inks). If
ink has relatiV&y° IW BT, Ok F AR BT ’mgb%w& Hedt 8y Bnot her
process (fiffe gaRIsBtans@itiht CAAtUNBcHurdd Br 6RALIAI)s HBREbLEPADSV heay bl €
substrate uniformy. Ink material and processing for the Inkjet printing

and pl at iwighiptheswage phk0ppbemess drger todencgdobrepasauae.airvabiie thatenge of
Qondyict | vy LDk oS¢ RRALOGY 4 VidlioheYhnd5c! f I650RE L, BLARL T Go50m

i dge, ure prin g requires e 1 nmage printed is
"et ched" dniBodirAemiBlthd sHekategisice whihe Rofidictil € ti@dpatethi Gills vAshit e dhgdot ur ns,
the etched surface is filled with ink which then gets deposited on the

surface of ta Hd ohmp Mchafuige-pli gihes cadodients, kb shack esistapre @f reat@dEadV s he
o t 9 ehe . <
11 m supdPietorSROR AL i (e BEACERS (& SO pRAL BUEChaft Trounds cffffloiliove @

| mpr essi ahe shdet rdBtand@of the cohdistiagaiicrepatteri fitlis rvg thdin tra rdbge o whl (ashnet ches

72 that fill with ink fromijnkbath 73. 3QSuch rocess. coul d be used to
make® st od¥T HEHAET th§| othegy ,ﬁn}%gfilélgenﬁsp the g?tr{aglgfmc&ﬂ% |tlge qyélﬁﬁgtgf& rmcropattern%al?s

within the range of 5 to 40 ohms per square. In other embodiments, the sheet resistance of
the conductive micropattern falls within the range of 10 to 30 ohms per square. In
prescribing the sheet resistance that may characterize a conductive micropattern or a
region of a conductive micropattern, the micropattern or region of micropattern is said to

20 have a sheet resistance of a given value if it has that sheet resistance value for electrical
conduction in any direction.

Appropriate micropatterns of conductor for achieving transparency of the sensor
and viewability of a display through the sensor have certain attributes. First of all, regions
of the conductive micropattern through which the display is to be viewed should have an

25 arca fraction of the sensor that is shadowed by the conductor of less than 50%, or less than
25%, or less than 20%, or less than 10%, or less than 5%, or less than 4%, or less than 3%,
or less than 2%, or less than 1%, or in a range from 0.25 to 0.75%, or less than 0.5%.

The open area fraction (or open area or Percentage of Open Area) of a conductive

micropattern, or region of a conductive micropattern, is the proportion of the micropattern
30 arca or region area that is not shadowed by the conductor. The open area is equal to one
minus the area fraction that is shadowed by the conductor, and may be expressed

conveniently, and interchangeably, as a decimal or a percentage. Area fraction that is
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to make specific X or Y conponents of a high volume sensor. WO

2009/ 154812PCT/ US2009/ 035250 Seed inks (or catalytic inks) may be
printed byoans/sisithe net hods descri bed above. After priPATIUSQOM8526Ur i ng,
the inks can be electroless plated with netals such as copper, resulting in
hi gh conductivity. Seed ink manufacturers include Conductive Inkjet

Technol ogy, a division of Carelo, located in Canbridge, UK and Q neti Q
Conpany iHadmeadn by soictoEniyl apefl ietsrrdangsabhyt avthe thy leppibhiafs ligerd foy gl ays
of Al bug LK et R ' - t [ -

M cro-r opcadpghtd REBAOE ThuBlopMARE cPhaltRlr EPISHE SRibiBbly with

m cr oconddacticatly cbndudivagnhamopatteinl £8d Somslhome micopsensedhugnfal thw esues
filled, or partjally filled, mcraq-replicated channels. The channel s may be
i1l ed wiliisBel fwe@ira&mhtf%fﬁe Drsiershadeecd b rndieicr s PR #759¥41U80) "t 0
makes t herm: ConAE taes004) &EkathhY 95% LREE MRRNGos, SeMbOmbE obd lLed ity an
ink that by~ itself is conductive, elimnating the need for thg pl at1 ng
process. R%,hdreadcrathbe On%t, igvaatdrshar 9¢hagraatve tisanb3t% agreater tHanDHretW.25 tohen

mask t he I 0 Lot he , (bot of ) the groove hen etch awa
'he. unmasPeheeR e BEP ol a it pra: PR elmsoapaedi T ons oS e as
(" Met hod OfegfordTitRIcéhdib©F aRéropsitdd &g, @Reitid 1idbrFaRpdrent(coMBERe rédiofor m ng

a Patterned Substrate.")) The actual shape of the channels can be altered
to opti mizdctirenciBesindr 3%na odigasembadunaits betsan 0P oend 89.50hein efherst

| e"ﬁd of ae‘axgn{&d%%énté B%:tg/;?fer? b?%ca?nd‘éﬁor,ei Séthe'r'emeo%%%{le::ngsgpé(}g%g%@%%d%n%té9‘(§%yina”d

hi gh” pro ron yrle ed mcCro-rep annel’'s can provi de
a conduct®hierwnibddindnitgbetAsRETTY, bAd D¢ irabia o3ieg lehdodinict iy 6995 Yavked
metal filns). Thus maxj num conductivity may be 20 achieved wi th m_ninmm
optical VFHICH] ojthgrepradaeiblapchicysmenteftusefy! ppficahrrogeitiss (5 & Mgt transevisiay) . A
nmet hod of, fii:l ] ag..m era- i I i ’ :
channel s ‘it KEAY o BraRR L ahEH AQR0RG HRCLAES AR el JORE Tuflica)

appl i cat immufe2@he0m6thdds, (fEeficcted valmts ofibpdn areh Gre betstromd0 and ro9s¥+ pmofd | e of

a high aspect tio touch-syrface havi 1.cro- 25 repli ed el ectrodes
t haiSg are ;ﬁg‘éﬁ@iyalgq{\gﬁeq ﬁ?}l‘fﬁbeg ?m gast Hr?fg%ﬁg‘) PrERL %eﬂ’td d9a§ﬁ‘f;“'cr o-repl i cat ed
structure thatrdaginfnir@tihRrefendeRtith e Wt hagteabeind kaplal: dndvitd lavsie! d
better performance. Generally, the thinner width of the m ro-replicated

st r uct ur eviewdltilityl dfcohe pottenaflcrhéngs [d.ghtorabictor higes)Hey thicspked cyoopagsett i ough
the touch.sensqgr. Further., deeper. rather than w der channels, wil.l reduce
the suri Aenel B PRUPU FimeSRR Of A TRCrbY B ShEesbaee A S donor
from t he ifderrtcondictiae @faceg hes@d ddvantiRges egh@l g abpestintdtblysonaicrd&tRgor
capacitive signal. FIG shows a finger 85 capacitively coupling wth a

pri? ed deyphen onguu2DogPpBEEIRFIEESUBROBIYOBEAE0sehat o estiebtogippaimaigbh
sensor 8 dl%{cré%ﬂété’rst& 154&%&&%% eg]rlqﬁqtﬁ%ﬁpl%%mﬁ&g% lﬁ{% SGe! &%ssoagar{ Qe qggnsor -
act p s ye other*p t'Rat o Torm

M cro-con rintingi roces can be use

m cr oconde upprosimdtigromiesrhaets, pr ieos thag or eqlidl€o apRoRINRE1013 hiRt@hate®l bt i ng
of self- 5 assenbl ed nonol ayer (SAM. patterns on substrate surfaces. The
appr oach leseh#n piscaial o HIPTQXABARHT  GrietRMe{ers. |5 dess 4han ereiual <PPravdaghng t he

oL, R OB PRy g e R S BRIeRRS (70 feature oi e
non2 ayer to tlheopatdndrodimentgftheratiainaym denarionsof @ndugokypages. clements is
between 0.5 and 50 micrometers, in other embodiments between 0.5 and 25 micrometers,
in other embodiments between 1 and 10 micrometers, in other embodiments between 1
and 5 micrometers, in other embodiments between 1 and 4 micrometers, in other
embodiments between 1 and 3 micrometers, in other embodiments between 0.5 and 3
30 micrometers, and in other embodiments between 0.5 and 2 micrometers. With respect to

the reproducible achievement of useful optical properties (e.g. high transmission and

invisibility of conductive pattern elements with the naked eye) and electrical properties,
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An exenplary mcro-contact printing process is as follows: 101. A substrate
is coated with netal, (for exanple, silver or copper is sputter coated or
pl ated orwo 2g0%as¢81er PET film; 2. A self-assenbl ed noROTISg@9/08828K | S
stanped onto the plated substrate; and, 3. Metal coated on the substrate
is renoved by etching, except for the pattern under the mask 15A

m cro-contact printing process is described in, for exanmp US Pat ent No.

5, 512, 13Bndiukahtofdhicanstraist plotrin ey actiaah BRBHRCHEPE n@ﬁtqdemrn%ﬂe@ Yrlogpof73

(" Met hOdSmfPﬁ Al difle él&go dued ﬁ%te?ﬁ" cfermRS a[;é BRyokn d\é Gh P35 SR RGders,
printing I's genera y substrate | ent. For exanp substrates can be
PET, gl assoreREdferabC,betvecaphajtke 4p1|na3¢>metersA$nd Srncksn(pmfera’mly betwaeh ,1 and 3

m cro-cont act E?ri nting can be combined with netal deposition 20processes to
yield an rﬁ’&fﬂr{l & patterning process (for exanple, including electroless

pl at§ ng) . LiGral7 ans f@gemedwefew&aﬁf NERuERe TPl | rcARACHH! Yight ouch
screen. Two patt rns (91 an el ectrodes, interconnects, and

connect oﬁr@msaneafpuhﬁ roedh smser, uhdosirhbly. sBilmttarllat evhefewer é»cecm:sl ds:ctﬁEélIby The
two pattern rct a t ther to formtwo 2

ol ect roddendy g htran FPanis: the SRey & ohQakdt oh s o SekRe T Phdgonal

t o condugiser STRE dbdi8e lbOWRENRLIBNRa@dSd PYONB cOBARIIT! faterdfl) is pROFIBREITIR S0 IR
shield (not shown) is required below the | ower el ectrode plane. The
patterns araofre@,@ntoe?dhei FENRITQ gipayf Bie snsanttedt inedvsgedomecasiduetas wigtin dibs
desi:(Fl bed.  h 5| ngle printing process step was used to

n I‘l’hl
Ssi mu tanecgus CO rlcn e 30 <1011m m cro-conductors that form el ectrodes,

and the inter qergmeﬂag 1& lignessirabiepio€ al trahspdBdtlidhich Bater drisyr & getabis af loam

el ectrodes to connect or pads, and al so the connector pads thensel ves may be
formed i vauseolshans. pHpz Tebers desPropeity estaiepite, th ﬁ@‘“ﬁflég SEdimhhap Tipgsses

2009/ 154 5 C W?w? ) sly

pri nt pat8[ %%)Ei (L)J? g%g}l'?{mg% ggg}:eg%d g&C;b 891 Hé%deéglm m congﬁ%?el ?g@#lggglg? 6 as
descrl becGamdhdsr Cebpedd, MorykdnG). 27 sombiembpaintdney)ltiar toanib octicere sinsyi extdieics

sev dva es: Alignment. of el ectrodes_with intercopnect

aut 3* A g} i ge embpdimets fosh S, Pai9eSTRPAnERfs s fhan

narr ower And 1H0§c§n&|éh%d¥m&9§01%§’s tRAD W, 1 Bn Ol erhtYdBhERDNREL (REA "E% ng
processes, (for exanple, silkscreen printing of conductive inks); and 3. The
t hi cknes sEmIbOdlmtmls@wdedpsed( pbicpexticyalaatesirable kemplnatien of htginetrwbsssrmlt e) is

h i h t.h t t t f 10
o Tsor odispieRtTeHg b ot RTetRuyRIcs ) IR nhtcer famiat con s Hikhe.
bet ween l\agbinaf &4 rb@¥ey mcMlingtoakiecty ﬁicliad)@tt@ﬂﬂ &R cBRERKSH HRrdpaRemS ate

bet ween | am nated | ayers.
20 thus especially useful when used as part of a sensing area or region of a touch screen

sensor display, e.g. when the micropattern overlays a viewable region of the display.

In some embodiments, in order to generate a visible light transparent display
sensor that has uniform light transmission across the viewable display field, even if there
is a non-uniform distribution of sheet resistance, e.g. derived from a non-uniform mesh of

25 conductive material, the sensors include isolated conductor deposits added to the
conductor micropattern that serve to maintain the uniformity of light transmittance across
the pattern. Such isolated conductor deposits are not connected to the drive device (e.g.,
electrical circuit or computer) for the sensor and thus do not serve an electrical function.
For example., a metal conductor micropattern that includes a first region with a mesh of
30 square grid geometry of 3 micrometer line width and 200 micrometer pitch (3% of the area
is shadowed by the metal, i.e., 97% open area) and second region with a mesh of square

grid geometry of 3 micrometer line width and 300 micrometer pitch (2% of the area is
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FIG 8 shows the mcro-replicated and filled "stock” construction materi al
with parallel mcro-conductors 95 on a substrate 96 surface. Wb

ori ent at IO 2069/0%¢812i cl e (97). 15 The substrate may be PET/USPEM 035250

pol ycarbonate, and the m cro-conductors nay be deposited in

m cro-replicated grooves as di sclosed herein and/or in 3M patent
applications no. 61/076731 ("Method of Form ng a Mcrostructure") and

61/ 076736hadaysrdipaths matels he-ng8%a opar prahedn supade apticelly ugapm jyitpaverage

m cro-co A j I . r.ahl: t

500 £ Jp s hitpSiiRe RUD R GR M iR ARLY SR ARE R KM et s
(for examemiabeeter opieh @ridstrigeindshc hundrede ceamin ephdadg 3sali@ometdr by 3

m cro-conductors with printed (for exanple, inkjetted, K or_si.lkscreened)

di el ect r iTBETYHAET JIHBGH aémFWz&‘PIéiﬂlF‘i‘?é e @gt.twe?@em%ﬁ%e%égpgrﬁmeﬁﬁ@a%( for
exampl e, hidfdifhibedubles R90d S fihREARKIELAIVEIoKCal MdhidRI I HoRdnb3F 18 i

nmet hods descri bed herein) can bridge over some m cro-conductors and nmake
cont act dnf gacA300wmittonsxdréyt 30 micomasteraned (20 AD0ssquatia s ciometers)o Hiue ciakirend
connectog gads arggggge for .a s ngor . as hown in FIG.t %, icglihoms an

| nkj ot - prih kgt dishEFEPaTStiPY RS 6N [RGh PR HOHBTA! T08 Y HEBRGN t ne
di el ect rigimilantotA8H wedtd| VR atuFACces BOQddad ﬁpré%lléﬂ%t@dsﬁh)éei%k\b&tn- cothigheusF! G 8
and FIG 9 show mcro-conductors printed in the direction of the substrate
web, it itzngearenticopducid MEienjedasCond SpRUsHTanApase condigtive mesonsiha iefilndect i on
SOD% pendr}n% 0I Aft l’tngd th edu%%Jo?sltnrtﬁ% ol oqf‘ two dimg slizoln%% mlgheséh?\ﬁ%twaorgsr U Srdef tion
of an exanp 018" Mat T X T ouch Eensor °COnSTY Ut 0> Wth "t Wo ayers of the
stock m ahginfa@Puhideindd) of tipht aamntiailec aRéLI thalsenndincidgaier Sardhard@
2009/ 154812PCT/ US2009/ 035250 post-printed inkjet conductive traces,

separ at eFONqHAIVE Gpsipat aNdathe regton of sn3es befascmihiond- egslditiag tegsolated squares

m cro-co ; . I j el ECi t
Tayer 1015 Rof e oM 0hy LOKEL dbbSis Or ool e AlALIG! phIgnlE .,
adhesi ve;intlhéde nexits hay dinesl 0 The insinanypostimpiisiae st dd cloctduadtyoisplatddedapexits | ayer
1015_i s printe ielectric, apd the 5final |ayer 1016 incl udes .

i oFo ggFigcéli‘%?fP%q%‘}%l&B Bitass Sature, the dllaﬂle%ﬁggé%_ o el O fieatgarlent
conduct i ve ;e e0gurd G 18’ Hpnend SheehekRS BEARGE SNnAlohBRY, REE than
direction are created by including selective breaks in conductive traces

wi t hi n ar midiemeicseocorhilesathm lamdremettor m nesh. This approach of sel ective
pl acenment of eaks is especially,useful for gen ting articles including
Dat terne of viWiBIERis § P eprutip S hifen il iy i P he Rt e it
transmi t tt@neMissohoSmdt Navigibilitg! &fi coHhdtiRe Mpatkbi SélamErtsy lﬁ@i%? G tiREl
isotropic or anisotropic. For exanple., an elongated rectangular

t r afiS par enanudatding megdodarthp awinppury dagayien pf dhoatseticelln isotateradeposids éxhi bi t
peri odi c i n ngh | axj s b i kodi eries
b br eakd RS b BT 8 A R hs PRy P BB e ntid ™ he
di rect i omieforhdiers] ®rRE vt predblSodthecrp@ s iaddidahicyorb@tmgeven théte piéfeelyi on of
the long axis. This periodicity in sheet resistance can be useful for
decodi ng BeHECSHosING HRIEPMEisTso BREBEsiracigrablpbgtvagret pndhd piciometsre casogisl ar
bar. By ' t | [ ang, [ trac
together%%??ﬁh?ﬂg&ﬁggﬁpgﬁ%%ﬁm%PT%%%gééyyonetggg&aggﬁgﬁk %gﬁégfggg%¥¥gﬁion
in 2he rdsikstpanadciger Anlatk logngtriodalitgny prefaredsfoar lemttingomdaedrable abibirent

character.ized b eaks in.resistance per unit length 20that are at_ |east 2
tines t hé?ﬁ?r%_flﬂ%ﬁitﬁt ebitiadipaehteahpt o B ‘_aléRI%Y-aEP’S/a%?I}SF_B%%% o5
times t heéléctr%qﬂ&%hte%oﬁdﬂt&f @%ﬁ?@l@’ t@lack%%ibdi%@lz,t {h’é’f“esnééa%rﬁy B4 JHidle
I n other enbodi hrents that i nclude selective breaks in an ot herw se

cont i nuoulsrapigbnuteithoeterashperiddes paeakmt cbat 1gpst pbeartied off theglegesitst acresseat e

approxi matel y continuoysly.varyi sheet resistance jn,a given direction.
The. cont ITRESTsT el HepSife dpd BEKEY dRieeo BRC R FBEN IS ALY 8P iGslstl 1 i ng

t hesmon- |debedhg oy s@fnafledritich An®bidpcaRmgaclbdtRnsRar Sitth slendbaly weladdement ,
beyond t hat which moulg be created only by the overall shape of the

el enent . genguctorgdepositk sswyaidntor haveapr  apgriodia rispragementc Oh diie Shidetad&feit wit h
uniforms . ' ' ] I f [S e .riangl e
wth an oPened ERpAERERer LRobisEy RAME! o PdEhEBHRLRS, I DHEH TRy
exhibits non-linear electric field frombase to apex 30 due to the gradient
in resistance per unit length along the field direction (created by the
narrowi ng width of the triangle). For €%uch sensors based on interdigitated
arrays of such triangul ar transparent conductive elenents, it would be
advant ageous for the non-linearity W 2009/ 154812PCT/ US2009/ 035250 i n
electric field to be even greater, leading to greater signal-to-noise ratio
for circuitry used to decode the position of an object (e.g., a finger)

o s o I



5increases by a factor of at least 1.1 over a distance of 1 centineter, or

at least 1.2, or at least 1.5, or at |east 2. In sone enbodi nents,

two transweremisesinducti ve regions with different sheet PCE#4iSge02/08%50 n at

| east one direction are created by including in each of the two regions a

contiguous nesh with its own design, each nmesh not necessarily including

sel ectively 10 pl aced breaks. Exanples of two nmeshes with desiqhs t hat | ead
a

to differtbhecloghicably iwrlateh sapducios depasitseare glesigned Endackaxdiaighy nasaliel sdgep e
directio 10. irecti ' I | 1C t ' e sane
thicknes§p?§?%%ﬁ%Pgﬁﬁﬂﬁn%ﬁ%hgﬂ%??@ggfg%agﬁnk@é%ﬂgﬁnéﬁB?ﬂggg%ﬁ%&%%n E%iive
mat eri al dbppasivtithb adgem dniathd bf fSermerbmatsauntMomi plefarably etht -isdstey | dvgductor
cross-sectional area (y-z plane in FIG 2) per uni idth in_ the

directi o_rffepewé %ﬁéﬁﬂgégdpfo_ Eﬁ?@rﬁt‘ialgg“t’al?aﬁ%lilﬁ% SRehated égc”issh a&_r%mﬂ‘ixﬁ%%ﬁt?ar e
ori ds 1 egiAn3. FRRNRATREILSI RACEARIMCLONE dVERGHS Protth B3 InfuldthQaRLBAR, bUT
with different pIPCh, e’g. 100 mcroneters and 200 m croneters. Anot her
exanpl e afves udre prefarablyo? nmesmatagiapars. dixemplws ofedtdncallyaisolgteid dcondgitans
(non-squaye, .with 100 m.croneter pjtch in.the ane direction, and 200

i or onet dPRi R KOt REHEP RBGORaTOESY FECHH B SROR- CONBET! RS ve
traces ofyihgled ZhPaGEQIBLELSN I d&%i%ﬂ" o2 Qeicfricaneniolatd @BARICkRdepBsith ofM t h
the long axes of the rectangular cells in the first regions oriented at 90
degr ees wiright.aprdlst cdgss sheves bocmanmidcalightelififaciive artiéactsetbainepuld dispipt the

In me enbodi.ents, .t he nspors. inglude an insulating visible Iight
traﬁsparé%?”%ﬁ“¥fﬁ§@£m&39§%15%%%“?3%%%?‘?-a pattern of conductor, the
pattern incl udeg ispatiséflthe condiltor iniafdppdre vh opticilapafotaity cirehé qhandifidd a
region having a |arger feature that is not transparent, 25 wherein the

vi si bl e IIf gt tetplapispafethe senropid herss thegopAudpid migTeratiyethat axsrlie & egi on
i ncl ude . I f. . .- Y-
approxing?gﬁ%h?ﬁ%%gaﬁgﬂgﬁk%klééé. e g@ggggﬁggéggnggﬁﬁ%gﬁgi%%gng%?ﬁ1of,
e.g., a wegienggndisntd sensbrsameluidhabndmk@smaooyiantetnst whaeivi inbl o the gldions

trapnsparent copductive micropatitern region or _a pad for ymking contact with
an & ect rgNFé s e |tﬁadéﬁﬁ?r_a$3&ﬁ?atﬁrth@} Bhhsrogt S SyCH8vilde. The
30 width of o%@frlb'éioﬁs?r %'forre bRFLUBES nohhHRMPENRALIVED 80 frllGiofanR diffsdlBti ng

layer with visible l'ight transparent conductive nmicropattern regions, is
e.g. bet veatcrabamd@¢ poneeite Mormmpacf8rabiyl, nonehercsy sHadowedarc2 Srapii@r taedidicss and 1

mllimeter, between m crometers and 500, WO 2009/ 15481 2PCT/ US2009/ 035250
T o1 omet aPERBEt TEB 7B e driet She SR EIRY: ToBT GRES B Bidopye T bR
M cronet ang @PRrs1OP oPda€dr GABE @0 Spercent.  If @etotd]l 4484 HAkAY SerlsOU GRJ HehEE S ENsSOr

includes a visible I'ight transparent substrate and an electrically
condlict i wendiceopireratiardithas esedaysrh viewabletrpgionyofithsl éisplay it sagmentydanent 5

substrat e, b Gr i / i r St i ].CI O r in a
ouch sent RS PLs BRI, AR NERSE i, pLTALRT R BPLAE Pl
conduct i uwgicripattepatihemih Aohddethemiahs havd 4 Biealowel egda frealohytheadithusttywe
features having a thickness of |ess than 500 nanoneters and a w dt h bet ween
0.5 and =reate BaRORmsTeerh o theaverags &y i ef disdegienh Rederablyi pane hayeey

resi stan i ] T t 5 q e, is
10°vi s Do ReCanel b S HiaSORpE] B8 S CRiRth oA a1 2
secdnd r dgvom shaioppdt dres Hraetien ahaedifiieds bheptatere giant 2ngeroeal. udEven mhee fi r st

direction that . is different th the first sheet resistance val ue,
Aot her _MTFGERBATPYEIHE a%%vv%&ﬁeas@ﬁ@w thitch s Sy T PEigl O g _
transparent sufigt fRtiBsAR Cﬁd@%&g%a%ﬁ&l&' AR sYfof AREULE | pFemBla kT AP et &dduelivaposed

on or in the visible Iight ranSparent substrate. The m cropattem
i ncl udes mattiialsh ar egyisparent gmdpetiveescnsasi eshoppoacd tsutrinspenesi eapdactom oSides

electric ,conduct i j attern.incl ydes tallic linear electrically
conduct | yd L8t Bci D nhS BB RN Re SuToh hmeSen BB ii G "o
Wi did betineeRaif.consildtiondlaGERIBREER b cradlo@/hbh Fioked, B HOM RSP frSisthifhds an
anisotropic first sheet resistance with a difference in sheet resistance

val ues f dightfduedganidectionraaed rbemptiasr) vehohgdepeyitedgfa epating agth shee repistangesi bl e

! bght tr aﬂ%fol%élrl@ﬁ]tt% 1666i oﬂﬂﬁ S[R:?ts a?@, %O/f) %gsif?gic&%) (ﬁ!%etﬂ.tﬁ%%%rcit of ind1 t her
illustrative touch screen sensor i’ncludes a visible T'ight transparen
substrate and an electrically conductive mcropattern di sposed on or in the
visible light transparent substrate. The micropattemincludes a first
region mcropattern within a touch send¥ng arca and a second region

m cropattern. The electrically conductive mcropattern 25 includes netallic
|l inear electrically conductive features having a thickness of |ess than 500
nanoneters and a width between 1 and 4 microneters. The first region

m cropattem has a first sheet resistance value in a first direction between
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30the first sheet resistance val ue. Anot her illustrative touch screen
sensor includes a visible |ight transparent substrate and an electrically
conduct i WEOrNev ISRt er n di sposed on or in the visible | iPGRIUSYEDI/ 035250

2009/ 154812PCT/ US2009/ 035250 transparent substrate. The mcropattern
includes a first region mcropattern within a touch sensing area and a
second region mcropattem The electrically conductive mcropattern.

i ncl udes I&é& iglajspdifficylé & denostt tyithegnifoymend derroducable slectijcakpiepertipy lepding

t .h' Ckness[o O[fle [ﬁ%&? Tférhl%BrGSQCQn@@Q%Hﬁte§B§ns%delﬁct¥8r€éShthPteEéﬁﬁﬁ"@ 1D i &Qﬁjluaive

m croneters. e first region mcropattem has a rirst sheet resistance
val ue i n mttbinrtstconkitrueci tomnh bataeensd. and 500 ohm per square, is visible

i ght transparent, and.has betweep 95% and 99.5% open area, The second
regi on mi cr opdtEEHesHAs U g RO R R el

directiony{i@l doRi, déifv%ﬁrﬁiﬁtadﬁlﬁﬂnﬁylﬁﬂﬁﬁuﬁ,i mhnﬁnﬁ,eko%ﬁ%i ﬁlfcﬁas:eein,vaéuggs, e
m cropattem al so i'ncludes electrically Isolated conductor deposits. For all
1 m i meoerbimpyiofs thdrddf mdhesomsoenabraslimens,oths cofididie is entsarsparastt cobductinige i n

the visible light t t i f th i ons_ h
shadoved Gida Froge GHPERATEROPLISY 5IEG: S imathuc ey Batk* 1 giEne

aver age fiRtwah!s @fohRers 8ai PAscrometers, oABERREH 10 hhitsihdtadsiavg sHOUETbRGECEN
sensor includes a visible light transparent substrate and an electrically

conduct i v befwgeaplsdt nanemgiesp ek d>dnanpmgterst fe manyjdnbodimetis, the dndpasseni
subsy rat &y ThenMEToRAL e dDghidesed fALRL-Leglan i sr aRathamu L, a
touch 15 sensing area and & secon Fegion mcropaf1 em e electri catfe1y
conduct i valdilteopatlaging Wwith ke desiretl ahtdt Gedistarrandl @ekidetad the BRchaetin e
features having a thickness of |less than 500 nanoneters and a w dth between
0.5 and SCRMEHY ftdeingurnTitectfack gp theagliresnt-ARIEYIBD STOsERTIHAE 1% the plane) shd ée

resi st an i i i t:i . : , IS
Visibl o el Rl Pl btk RE & R REATRC YD, B0F ggRBy PRIl REmAfURE.
second r egicarpagérnirihercogpatcbmpufatisna nsebaizdn sieat, o g it alifercval methods dthe
firﬁr| di :)tecti n that f’ls defer%nt t an@;h? first sheet re%i stance val ue.
Thel i cr dfuiet et maghqdshaffas beused 19 caAqulgfe phost SISSANEeIairEtcs o Geshsit s.
For al | 3JnfdihkMRE Profticd &F & lhiBRpSerAUGK&Rt hQHANE @h B mcaSR&PUshpal |ie
in the visible light transparent sensing area, none of the regions have a
shadowed mngwr Hf wchiiguest matuddigf fHer-poibiprgbe tickniqudseand 0npen@etntddfy raomenthe
aver age for 25 Another illustrative touch screen sensor

all of the regjons.
i ncl udes Iﬁetb?isrﬁﬁ%reﬁ&‘ﬁ{l "? i&parent substrate and an el ectrically

conductive m cQppldseN@dEHPARERyOWitArwhibh tdiBonioFithd Bivbhtent cahRNBREFEAL
substrate. The micropattemincludes a first region mcropattern wthin a

t oudh serig¢lnde diqell crypel displayp.i erhade wynwbe tdispdayivi preewat disnay ipaedledest
metallic | . el i C Vi uctive features having a thickness of |ess
t han 500 Aﬁ%%%ﬁ%%@regﬁgﬁé @&dﬁdéﬁﬁgét ween 1 30 and 4 microneters. The first
regi on m cropatdmluttohpsttcris @Rbsidid PRhE ifvichén sdheet gdhesikEt BNas apiptdpriate
difference in_sheet resistance values for orthogonal directions of a factor
of at | edwfterning methodsicm. e mthpls  thah n&stidsn phoohithogsrphy e tWike rFtdBg afid

99. 5% op 2 / [LUS2 / o} IpJ rative
t ouch scsdglgﬁﬁlglgo géc[??yi %@ﬁu@%@%@gfgf’egggﬁé%rﬁg%s%’a{%g’g@ﬂs%t}r)%%detugzﬁ'd an
el e2iri cdl,492,€ldndust iPaentiNe. opd?3,20M)di spidgedaldyy the ¢omdtudter phagerd eahilght
transparent substrate. The m cropattem j ncl udes first regi.on mcyopattern
wi thin & FElhUEAR Ale 5 S Srshnghg oty a%m%%?%@wwﬁdpdﬁ%t%w
includes ysdw@y-1ic linear electrically 5 conductive features having a

t hi ckness of 1 ess than 500 nanoneters and a width between 0.5 and 5

m crometers. The filiaser cegil amaskingr peing efnahagskatryanios ot mopil dilin eed thdneet
resistance with a ditff.er ence in sheet resistance values for orthogonal
directions of a facet%'lm%f at least 1.5, is visible light transparent, and
has3det ween 95% andfn%@f P aRE o hRgkind NBatBlidll &Pt t&dNmalesial farClubd&fient
electrically isolated conductor deposits. For all 1 mllinmeter by 10 1
mllinmeter square regfhlanatingd; t he sensor that lie in the visible Iight
transparent sensin o L i rea fraction
that differs gj; gr 3%’%?%%%%%gr%ﬁqf‘{‘ﬁ%{%@%rsgg%e%%l %}t?@ﬁ%%‘é‘%%ﬁe regi ons.
Anot her illustrative touch screen sensor includes a visible Iight
transparent substrate and an electrically conductive m cropattem di sposed
on or in the visible light 15 transparéht substrate. The m cropattem
includes a first region mcropattern within a touch sensing area. The

el ectrically conductive mcropattern includes netallic linear electrically
conductive features having a thickness of |ess than 500 nanoneters and a

w dth between 0.5 and 5 mcronmeters. The first region mcropattem has an
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30 visible light transparent, and has between 95% and 99. 5% open area. For
all 1 mllinmeter by 1 mllinmeter square regions of the first region

m cr opat twmm2oevorsés10f t he square regi ons have a shadowedPardam260M8326@n t hat
differs by greater than 75 percent fromthe average for WO

2009/ 154812PCT/ US2009/ 035250 al|l of the square regions. In one enbodi nent
the first region mcropattern also includes electrically isolated caonductor
deposits. In dhe enYisarrighicationdfopst dnicreeroonesarn et epbptiiaal tenc ldyath ve

features have a t h!c%hﬁ‘t?&ﬁle%atéﬁﬁsor%?r??g?&sﬁ%ﬂgpfo?.rsﬁ se ﬂen?%eitﬁgg%?[ﬂlgg;e nt,

the first region mcropattern has a eet resistance va first
5direction between dr, and 100 ohm per neter. Anot her illustrative
touch screen sensor includes a visible Iight transparent substrate and an

el ectrical ly conducViqi&caiiesiofittieg (SAMePSs 8 18R rPImtingnal weldpiembigdynt

transparent subst gl e (9T O BRRLHEETa itk ArbL) ST T egi on

m cropattern within a touch sensing area. The first region mcropattern

i ncl udes net alUtilezihg rheglr velwad, r highl teyolotord yeintivg meéthbdatgeneslihaliong far wi dt h
bet ween 0.5 .and m cr.o ers. The first regiqn njcropattern is visible
Taht tr e baReSai b haidERR daofiintdut i REMs k-t dors

m |11 met efariglord o the | AR EJonGEHEHS Catl & HcRRS cathpdtid® WithS bomBRI@AIyTaciRBaL t ern,
none of the square regions have a shadowed arca fraction that differs by
great er tdisphayspxplerte dimit optivel anenadige (fayexanmic moiré patterne thejuaight ethgivases. | n
one &nbOngEDt, the netallic linear electrically conductive 15features have
a thlckness of less than 500 nanoneters. In one enbodinent, the first

regi on ncropatdreim @hbalimost UdBsusteChére@alhyy | @nplay edacsaetl Ctvoike-eposi ts.
Anot her illustrative touch screen sensor .includes a visible light

t r anspar €9ndugigyst that enabla asater dighf i ERISIYSSKn diidt CViEtiMg SepiRat ttB¥tnudligposed
on or i N dhefbdl Bhulib AN THLATRPAGEN Ly GUIRLE Abfauclie il SLRPARbGIERE! udes
a first region mcropattern wthin a touch 20 sensing area. e

el ectri cgirbyide auctat soatabititgr apatdreral dfncdnddesr médcahlehc thannsapossibée twithcal |y
conductive. features having a thickness of |.ess tg%Q.SOOIQEnonEters and a

wi dth betFEEAS GURdaNEe BOIRIRNS o MICET-condyriars ¢ipQissqddireih YA HORFNEPT YHils a
first shepixif@f SbaNGBHYR Uinédlich §f 105hidoheet GNeREUMREhan PREdHGAIM per
square, is visible light transparent, and has between 95% and 99. 5% open
arca. Thes mirdfeopdtiormnglssosor rpplidg®nel edethbda lof ytiliging ameskiRs and rthhotgor
deposits., For,. all mllinmeter by i]lipeter square.regions,of the sensor
that Iie THRe WP&W%|é'NPGHFP?$aﬁg%§} nt": sﬁHé‘a?eéth3ﬂeﬁ8¥nﬁH@ﬁﬁkgions
have a shadewefd@i&@a frafitlooRplididdd dbfobeés Bsh gpRAUEE hixder 7asmerf Ceqlo from
the average for all of the regions. Anot her illustrative touch screen
sensdr i reicipdesdusterb.singp@rdategiiban dnsparent substrate and an el ectrical ly
conductive mc i e int Vi Sh i ar ent
cubstrat e Ty sELPESkTE BG4 30 pleferBtbitidts bl bty GRRRRE" 2
touch sensiteg aitkan dlbevieleeddser. C8utly acroehss ttypleal ¥ woapalitie ethérnGlimid@sr
metallic linear _electrically conductive features having a thickness of |ess
t han 500 S¥amelrelEls onglgssabarFdtubshaiche i MemPBOY fatg4B1 KUBPP99FOIHI50 0. 5
and 5 ”iQEBH&%ﬁkﬁbﬂJyﬁ,%&g§t region mcropattern has a first sheet

resi stance val Us in a First direction between 5 and 100 ohm per square, is
vi sZhl e |ight 1ranshanksttate andathdsvibetmamdn(f@58aampde, 38v&%rogppcarseguttdihe

m cropattern al so inclydes el ectri | y isolated conductor deposits. For
all 5 ni!Iineter_bymgmHPPFﬂ§@¥é?%§ﬁﬁéﬁé’regions of the sensor that 5 lie
in the visible |IightvidaniPanahie SRS 'cB&e@ﬁﬁﬁ@mﬂg%ﬁtootfhetplﬁﬁed SmseRns, (igve a

shadowed area fraction that differs by greater than 50 percent fromthe
average for all of axheplegpiokeating, and dipwodtire); i | | ustrative touch screen

sensor includ a visjible light transparent subst.rat d an.electrically
Sonduct i ve m ot opat® el SPESat PBHICH, Of it HATUTCiBFe 4 (TG TILhORLHEN
subggrate. The m crogableyin theattiidaseof the duch@ehdR, dﬁh%ﬁpﬁﬁé i (Widehj n a
touch 10 sensing area and a second region mcropattern. The electrically
conducti ve m cropatlinep that Hé¢raerss cralecitodpstol qopaetordlade (hcpmaridih efghellrsen ve
features having a thj f.le 500 nanoneters and a w dth between
0.5 and 5 nicronetéﬂ%f§¥%§§$$#§%l e&%%ﬁaﬂicropattern has a first sheet
resistance value in a first direction between 5 and 500 ohm per square, is
visible light transparent, and has between 95% and 99.5% open area. The
second region IS mcropattern has a seédnd sheet resistance value in the
first direction that is different than the first sheet resistance val ue.
The sensor also includes |arger electrically conductive features di sposed
on or in the visible light transparent substrate, the |arger features
conprising a continuous conductor deposit of the same material and
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25 0.5 and 5 mcroneters. The first region mcropattern has an ani sotropic
first sheet resistance with a difference in sheet resistance val ues for

or t hogonawodnessssions of a factor of at least | .5, is PCTiusk@9losizhe
transparent, and has between 95% and 99. 5% open area. The sensor al so
includes larger electrically conductive features di sposed on or in the
visible light transparent substrate, the |arger features conprising a

cont i nuous coﬁHuctJﬁWWﬁﬁﬁ$ﬁS@UEWe@ﬁ@ﬂéﬁﬁﬁﬁhﬁ@ériaI and thi ckness as

included int m Gy, r ri I - j ISl

i i mum i mengy on, U6 eB057 S A1 SPOTT b3 O aap i Saghiee. ST Rkt
illustrative touch wsdeethonsskiaglink.ncl udes a visible |ight transparent
o e e SRl e PSS Ve o et PR edaghprt e
egion maHARALIICHE Wkl Baforh OGL SERNNO0WAICHNANEF AoSLRANAAAOTE),

m cropattern. "The electrically conductive mcropattern 5 i ncludes netallic
| i near elfebdowed ay|sgleconawuting evitheatlly dsschaaidhgimalar o ckndassr ofirell essskitgan 500
nanoneters and . a wd between 0.5 apnd 5 mcroneters.. The. first region

o opat tBPirondelbed fhe S HBE PP SRR s PlF Tt PR Simal b e FEhe

bet ween tiQQT%QQ&ohnlper square, is visible Iight transparent, and has

bet ween 95% an 99.5@60Pen area. The second region mcropattern has a
second sheet ri@6i de artElG Bbwbowvnuetheplacesst whigrebti on that is different than
10 fge first sheet «e8igtance el dig, asnagh, g0 [ ncl udes |arger
electrically conductive features ‘disposed on or in’the visible Iight
transparent substr aA dasck s t@tger pdréish Wrethe gaimed $ikngo afofranhichedudductor
conductor deposit of the sane material and_ thickness as included in the
micropattern and meSiiopesy 08tin| ahye e Inplc tentoueh sensernik] Man HpreHE on.
Anot her illustrative,: > I [.S] i .
transparent | 5 suég?%gfg&ﬁﬁﬁagﬁgﬁﬁggﬁfF%Qﬁ%%gggﬁ’ugﬁ?ﬁggﬁgg%égg%fgﬁﬁ

di sposed on or in tdfeholiasdrivhay b rgldcet hanghatcembskubst rat e. The m cropattern
includes a first region mcropattern withip a touch sensing area. The
electrically condu ?%%9#%@9%%5f?€4ﬁw¥%€$9§§§m tallic linear electrically
conductive feaiurGSHﬁa&h@@Iﬁm&%!8F§&§§ﬁﬁfm!ﬁ§§nﬂ&§ﬁﬂ§9&_G%HQ%E&%M%mﬁﬂﬁ a

wi dth between 0.5 and 5 mcroneters. The first region mcropattern has an
ani sotropic first gheel). 20 resistance with a difference in sheet resistance
val ues f orthogonal directi.ons. of .a factor.of at,least 1 i s vjsiple
Taht - tr aheabeh i e RaS R esrann soPkoftpan el hn el o so
i ncl udes i@ eiks@h€6kpdnSiab, ForCOREMPIS, is¥& @) Urrask disROSRAIYOIBWOFost, Inkjbe

visible light transparent substrate, the larger features conprising a
cont® nuousIntiva §ae bo Fepiesd by anefhcr precesa ir suarapleaipimerptingios Kireepsting) thatc| uded

in the mgropat %&&ﬁ@&&?ﬁﬁﬁé@% Ay ﬁ@ﬁaffa%ﬁop%é‘éis&{lg?&t LS 'jgtdglisiﬁ'tgr{?m

di mensi on. i've touch screen sensor 1 nc
vi si bl e ldnghglafingaof pegdenk Srobshk raxt@itrdthbane ekeatdiiabil frymcovadiRtivy énkjet
m cropattern disposed on or in the visible |light transparent substrate. The

ni cr opat tEcAnelpgy digstonoffGarelp TeghpieH Phasties Santoaidgc i hi n a t ouch sensing
area. The fir j.on, i ted of j j dt h
betueen 50 | b Olaiighilheil t%&tg.%Telelmt%?@er%g?g&ln&m&é?g%aﬁbgf?ﬁ%Bl\ﬂ'[gsi bl e
| i ghi travisplaraates and dras. bas weedru@0#Mran thO&clREsunfacn isafibad with ahle maldhy

bet ween 95% and 99. 95% open ar.ea, .and e. preferably between 97% and 98%
open ar AT SPPOSIoh PR Tty T AT PRRBIGF Ao e m-Hied ctched pate

2009/ 15481 AR fi1/520R94 QL3280 S TR Frob&YiiPReRncling FId 3t WhR BBws a film
m cropattern, none of the square regions have a shadowed area fraction that

di ffers bybgraalebeingaminfsbiyvithrigf bnesbldy frainf ihlk bethhY3. ghrapreesion édimds0% istor e
preferably,.differs by great t han 25%  and St ef.erably di.ffers_by

O cater chih st i ERTE D80 B bieR nE WA M SRLBR o iR 23
enbogli mergyuchtahfodds§ Sduld B S P aORGIK @ifeHiAIClH S freRdusE by €olld BE@SedM t h
wi dth between 0.5 and 5 mcronmeters, preferably between 1 and 3

m cr orret dp gnake specifiggir epornpangsisoieibigh Ydwan sgspeen sensor incl udes a
visible light transparent substrate and an electrically conductive

m cropattem di sposed on or in the visible |ight transparent substrate. The
m cropattern includes a first region mcropattern within a touch 10 sensing
area. The first region mcropattern includes conductive traces with width
between 1 and 10 micrometers. The firse3region nicropattern is visible

| i ght transparent and has between 90% and 99. 5% open area. The first region
m cropattern includes selective breaks in conductive traces within an

ot herwi se conti nuous and uni form nmesh. Another illustrative touch screen
sensor includes a visible light transparent



15 substrate and an electrically conductive mcropattern di sposed on or in
the visible light transparent substrate. The mcropattern includes a first
regi on mwogepextsésia wi t hin a touch sensing arca. The fi PST/USeOOB5250

m cropattern includes conductive traces with width of about [X + 0.5] in
units of mcroneters and an open area fraction between [95 - X] % and 99. 5%
wherein 0 < X < 4.5. In one_enbodi nent, the touch screen sensor within the

first 20 regi owedirnks eQyratadytic inknimn be pritied by yay ofehe msthodp describog heye.
transm ssj t 72%: 41N t ' it (o}

sensor w%ﬁ%}n& Erﬁ%&ﬁ'hﬁi sciﬂﬁ?%’g?lg/ r%nllnS] %a?lg%a%ltg é?ﬁggggﬂétg?%thaﬁﬁtgfzseﬁgglagggﬁ%g’s t han
5% and t rrandting Sn olmghyr @midectivtityan Sodo inkn nanefaetubasli inelntle Cheluttivestinkjegi on
m cropattern includes.conductive traces with wi dth of ahout [98.5- (2.5X
3. 5) 106 artFe[BY08y. 4 ?{5@81%*1 8 %%%_elp_@}t?f & _gkmgg.wse., S g a0l § QBpTR e
Louch sCreeibetGIA0EnLRARNUISHOR PYinfibR! £ictirGlit. LARTARMRT AiASLEHHS 1800 an
electrically conducti've m cropattern disposed on or i'n the visible |ight

t r anspar entkesolyst pratteble Jiveer gpnduopat indsn i ncl udes a first region

m cropattern within g. tauch sensi area. .The first region mcropattern
Mol utes. par al it Ceniauter bes Paned G mt i et SRR R SR o0
9.6p. m ViRl @dhfidmam PIRES $Howd 4 EREE kiRl A8 ©01%illcihbs pAdaRyriFpdd NMRo-Of

m croreplicated el ectrodes conprises parallel conductors with a w dth of

about 4priepléecatadpehanedparlde ediapyela maly dreafldes witheeed ik 8b anddhan Blatedh (et er
to nt er, nduct pr b or I .hwi sg.to .a of, PET s t,rate,
to TEnet et B S BB (o sk BITE shTOREM Bty Bty Mnabil AL,

than | m fRedupish of irkdhacignitsetfol doedRtiSe, iyniRRingl tR€ heddCak khe pladier srobsect ed
to formelectrodes of .1 nmto 12 mmtotal wdth, for exanple, using the

process dedtrd Heanativens fosegbthe substrafaavith agngfal-fhen nask thmperéiesy of Betahilj acent
| ectrod ' ]

i scl osedt [TbipfEo) MEABORICALE G UGy (R REd RSN, Fol SUFRISPNER 70,

No. 2007CHpU&iibns BSANMRLES 7T he MetHodwoh Fodeser i Ddiecaenptasy dmiu6h/0367Xen

senspor desjgns., They can bhe 10 bricated usin nown tolithographic
et ods, (Vg hodeldegmiiing S gub%ﬂé_feeﬁi ﬂb@ afgl}aﬁégmfo&h b Cpgen 1 No.
5,492, 61 jtchlaeioCOREMSE e R8s B&tiERAOGLDEdndSIZRAnANNS iRl tﬁﬁf&%es@%’?@llsbﬁ Ion

met hods, e.g. sputtering or evaporation, as is known in the art. Unless

ot her wi seoptiotlauterfbirecewhnpbtdscrisetioghighchbodietiyopdud highpreabictien petisby a

m cr o- cont act i nti.ng techni,qgue ee technj que description above and al so
o pendi ng. Us 'R iRt EneT R PiaTRs g orasier bl B s fo
pattern exePdcclibedre@iveitd maskddahsthl &sm). t TARS PRx@Atmt HlctHGfefRy SIRNSOr ,
when connected to decoding circuitry, as is known in the art (e.g., US.

Pat &ht Nachigyes pigpsininsn epicahviskiplitys, (8880w 1gossUsStiopaine e fsoction2ef7, 811;
WD 2005/ ) ] ST 14Cr F.: thin fid d
ncor ai ng 00 ke <y FOESRIME aieropreplier CUGLAREHE R R Lot dr TR o

col or| esswigh aigh dspapraio matdeboribdd i bbiap@ied U phiehcipptission TR200TIOC6EHIat t er n
240 i s de%i cted in FIG | 1 and FIG 12. The thickness or height of the

gol d | aydfoaidss. k). 100 nanometers. The nicropattern 240 invol ves a series
of horizontal g X IsS) 3 £ 2415 QBRI $4t130: | gl r traces
242, the traces%g)zs_l%édgsurcﬁﬁgpgog%érgxi rra%el% %@%8@@%%‘?@% W tlﬁ& our of
t he3® horreglonteal clogshles tlat @ase 2éDenttmni theehmctvidecaln conmmmbodiatchhra midrdr a

| arger feature contact pad 260. .Th h bars. neasure approxjnmately 6

mi | i met éﬁgllqarf%twmre&Ea_égﬁﬂaian@rlga,éefvﬁﬁﬂ t%w@@&%eaév_eﬁﬁlﬁs%% RS 244
traversi narRmhikh G¥ndXye)thOkhifndh WAdHTBF S nR&Hd-rt Pl datcBeiin@NBa 11 SitRGed
traces 242 30 traversinga length (x-axis) of 6 mllineters, the pitch of

t he squarreorgrafdthoflight axigsg itke 8Bplayrite memetheough ths toeghi ssneat. i urkieG, deper

certain traces have br.eaks 250, npeasuri ng approxi mat.el.y .25 mcro ers
Coxnogar d0BEF Rl Eer RS WA e BERHE SR GRRET Ml St giif g5 RoR OF he
20099 1548} 1thiS2EM8¢ B3R2H0 fESURLRCcAr THedM ddvamdaddsClr® BBInEd Svhite ARt ARAGUE

traces on a 500 mcroneter pitch, the fill factor for opaque traces is
0. 80% t HaBaditedsigeplt dlGn Ogpews arfarees S FgparagelFepuniing vsithe psigirdr @pger d,
except with a 25 mcroneter break every 500 mcroneters, the fill factor is

0.78% thus leading to an open arca of 99.22% Thus, the design includes

| M x 6mm 5 regions with 99.22% open arca and 6mm x 6nm regions with 99. 20%
open area. The average visible transmttance of the glass article with nesh
is approximately 0.92%0.992 = 91% (wi tR%the factor of 0.92 related to
interfacial reflection losses in light transm ssion in the

non- conduct or - deposi ted areas of the pattern). Along the horizontal bar
direction, there is a series of conplete grid regions connected together by
four traces of gold. 10 Assumi ng an effective bulk resistivity of 5E-06

. . T NN T



15 62.5 ohns of resistance between the regions. The above descri bed
arrangenent of conductive trace elenents |eads to a spatially varying

resi st ancwopery/iswsiz | engt h al ong the bar direction as plPOTIUSA0GO3RFG 13,
FIG 14 illustrates an equivalent circuit for the array of horizontal nesh
bars. The circuit has a series of plates connected by resistors. 20Exanple
2 A mcropattern of thin film(lgold according to the foll ow n?

descri pt idftioded@hostqush senioh 88 adhionlsirelde top seiddcsr hub edsocfofhe sides of the

(appr oxi rggg y I millimeter in thickness). The mcropattern 340 is depicted
in FIG 15. The thickness of the gold is about 100 nanoneters. The

m cropattern 34Qrhvasnticiapspangnis gondumothey eproegss ottt i ¢cant the terdmtof fam25

series of jnterdigitat wedges or. triang|les. Each wedge is.conprjised of a
mesh mdénﬁwcaﬁgﬂ'gqrﬁ-omfﬁepea fact prigting i SEUDPING (RS §OTalY RIngg, O &2191 see
FI G 5158 gysdiliffed ImsnoldTRAIYANMDI pARRALCOh TRIGH e %u?fa@és?(ﬁ]h%r SpprBac BitivitsThe

mesh wedges neasure appr oxi matgl y 1 centineter in w at" 'their base and
appr oxi mecedryl wchnotemeallystmpogantnfchternyt includiivg the abtitpfo bhearsgdianefogvieq of

traces 342, 344 is 500 mcronmeters.. Wthi.n 30 sel ected regipons of the nmesh
(see FI Gf%?ss ale f%ms 2%%-) Feafiire i1z o4 0%%&6@} Og? SYRE™S %ﬁg’ﬁﬁit fgextension

appr oxi Mejfehy/pARri¥dGheBRlRf o the pht@dieinh o@h%td]?i,%@ﬁ&iés%ﬁﬁ%dl%@ﬂsl y to affect
the | ocal sheet resistance within the wedge, for current passing along its
long axis. As MDXOQYAry3A8IRUIUSATNY P86@50s abdplleved in FIG 15a and FIG
15b,,regions 15a ,and. 1 e.region i.n epar.at ed . r.OXI ly 1
contf rarer  n Ereie e R uh TP FL S SO R SRR SRR R o e
t he sheetplites bstoamse or RETHEmG rection of the long axis by a factor greater
than 1.2. The overall design also includes region I5c (as depicted in FIG

15¢c), whizh i sAe¢lEatsembladfony-laye) mpskds sappspariedhaplaict spbsyitic add-ons 15a
d 15b, and whi i i
Those of Tegi cacalediAg o Nt Qrats urIEeby (SR BRGH I HE phfET thia"

99. 20% whe¢ hmask.he nesh regions | 5a and 15b have open area fractions of

99. 20% and 99.21% respectively. The overall . design also inc S regions
15d?§nd 15e (dS DEHEYEF!i RIMEDE, Pross di eﬁqr@a@ﬁ;@egflormf%%m%sﬁégsﬁ?nn Soer

pi tch thans e 10MGmmRand ecdhdifg 3N HatenPUbplMatibh ho& 1967 7 N1Bheds & aces,
| eading to increased sheet resistance and vi'sible transmttance. FI G
16 il | ustRatttemsng heCafduetot oofa Sniitraed).i Agictdreontes tprprtingas tgcesraly sdegmtd bed

above on .t he adient in resistance al on d s the use of. a

St andar d iNGRBaE T4 Peimp RenERRCS LB BET, AR TENRERb et ARE SRRl so
i ncl udes A@igriovePnduet v emfeaicohites prihtihe danevd esmbiabd eathdmetal \i8pdsaasis

along the left and right sides of the pattern, the |eads being

app?®xi neEresopscs tei yicldren eaddiivge patiranipat Rreggse d 19 exantHe.nincludmeg slegtrolicssh

appr oxi n%%%i”é 100 nanoneters thickness. Exanple 3 20A transparent sensor

el ement ())'r a touch screen sensor is illustrated in FIG 17. The sensor
el ement 400 i maGudeshéww apadttiesasdr €andsailbtapadyiet sSovthQeredd 4 TWEpGtemsan X

axis layer and a Y axis Iaye‘reﬁrtwo optically clear adhesive |ayers 412,

416, and @1 5addP| oft dedfroges.| igferepaneds.t BettBectan dadfepicchiatch onse fsriitced in

FIG 17 f { 41 Fa@‘%4 | tiyve nesh
bar s mhersgﬁ%tﬁa!é@@ggg?r}l@gg@ht% I'n ‘?%%n&snagéilt%%ﬁgg Hgﬁ(%c%ﬁlheggd;%e ot her

| ay2¥ i s laydrenf atedodss dheasallaik panch, vadt clentrodeistdn thef epepiaee dohdgo@al . The

base plate 418 is sheet of gl ass asur i 6.centinetey. 6 centineters
in area eﬁ‘?&éLiCt?ﬁS IOPiaﬂFF‘e@@’FrP ng %% %%é?e lerclé %ia%?f@et&}ﬁ?ﬁ’ &é‘;lletj)’y(&%ﬁ‘oé{’ &si ve
is OpticablrddiRBw HRTHWALdI8GAdResEve 8141 from 3M Conpany, St. Paul,
M nnesota. For each of the X - layer and the Y - layer, a clear polyner

filmw th a mBropatersy repofsented dh FIS. us ety e pointeidcusspmone mfothe tthéthods | m
gol d accordi to the foll.ow ng. descriptign is de it.ed . onto .a thin sheet
oF per AR e ity P 8RR i e e Rt BB Pt st o
Del agvar e, <1mRas WhitGeohdBEeX! Rt Gbin ld&tidued, Ot fleSintdtcdiheb NBSS .- (tYifkally

2009/ 154812PCT/ US2009/ 035250 The m cropattern 440 is depicted in FIG
18 and FI°"GOumD thatarry wignklsdsam stecirpdesgelcaniestaiigds. andelsndho seanseor patre

.t P GRS, SSEEAOL EOLRIL YL SRS O L T ORRPRRE

square pads 460 (approximately 2 mllineters by 2 mllimeters in arca,
conprising 5 continuous conductor in the formof thin filmgold with

t hi ckness approxi mately 100 nanomet ers¥3for connection to an el ectronic
device for capacitive detection of finger touch to the base plate, there
are nmesh bars 441 that are electrically isolated fromthe el ectronic
device. The isolated nesh bars 441 serve to maintain optical uniformty
across the sensor. Each bar is conprised of a nesh made up of narrow

T 1 - o A~ .



15 circuit defects in the long axis traces. However, as opposed to the use
of a square nmesh with 0.667 mllinmeter pitch having such tics, the
rectangul o 2oesis4g12 FI G 18 and FIG 19 trades off sheePCTas2emwAas80 al ong
the nesh bar with optical transmttance nore optinmally. More specifically,
the nesh bar depicted in FIG 18 and FIG 19 and a 2 mllinmeter w de nmesh
bar conmprising a square nesh with 0.667 mllinmeter pitch would both have 20
essent i allHptinEPragese wahased foesmedtapronsly| SHY peHemp 6k gk micrasondyetorediil bar
(appr oxi €)oot , engri | ude
155 of  CRuRhY sIRUBHTE REL: PO Sercrl RACHER ouReL ROHAGC 28T B 0E L e
in FIG I8ndinéit@icldd seeahlaizantagdsy 0. 8% of the area of the transparent
conductive regjion. 25Exa A transgare.nt sensor gl enent for a

nple 4 AL
touch screen sensor @%ﬁ‘é}éef ¢lpeitpdeswithduigeapneqtsirahiomage pad 8EYRASEMBSE t er ned

condictor | ayers, URrORhbGaLhYbEbafkd RGSIHEweRURI foraBsdy BARRARRA © a5
depicted in FIG 17. The base plate is a sheet of gl ass measﬁr ng 6

centi meter by 6 cenwithmestbtes infereomaactapdntingyi prb¢asetser(fom ekimnplenesléscreen

| am nat ed t oget her ast.30 gegid;ph‘t ed ]jtnP I_:Ir%d 17. A suitable optically clear
adhesive i s Opti call{MBE QL POV Ny Kihesi ve 8141 from 3M Conpany. For
each of the X3 | ayHfe BREnéNf Ynterch@W@fs (parpeh@aiilaP@l EBlant iolf B bErae)

m cropattern of nmetal is used. A m'cropatptern of thin filmgold WO

2009/ 154812PCT/ US200 91w 3o ghac woh dirieg intercomect printow prgeebesse (opekamplies

deppsited onto a thipn sheet .of PET. i {.-abl. ET.substrates jnclude ST504
PET 1t om DuPont - moRtI Vg iRpEed] Rl P Sl e Rt RRes R e
m cropattern 540 i shedegnClagtndted FyGers RBicange Rlishle2dnd ddreutidrkiress bl t he 5
gold is 100 nanoneters. The m cropattern 540 has transparent conductive
regions in the forrhcoreed lagiated lgferparal | el mesh bars 542. In addition to
mesh bars 542 bty 8%l GEThRALRGIMLD 80418 -RRUR: S0RALToF ARRGE! Wah Lo an
el ectroni c device for capacitive detection o I'nger touch to the base

pl at e, t herdlchndcetaoadghdrs|dSnmm s egsemtesIbdifachatWelr oriedtatddnr isoaltiofe (¥0! at ed

fromthe el ectroni c deyi straight |line segnents 541 lie in 10
F eglbins ﬁtri‘tﬁén%gﬁc'%éﬁ»}%ﬁ’g?r ngﬁareg%m% 1h§ PIE-CAHBCHED Y 18P as
the mesh fBp&iedsx %ga%-rﬁﬂﬁqa@ewr% § @ls¥lodR! MerGih QMBS in PYEH St 3pflic@8ons

depicted in FIG The isolated |ine segnents 541 serve to naintain
optical umwi fadriiefyl dcMotimdt dleFemmegra Miawistrbetnre5) 2nd o 146iHFR6 deédlctdfodaofimesh

d talldc t t he t i ng . i.mately 5
e ot i fatafneduSsR b et ARG sEBE L Bpf SBF Ryt 5
mllinet q{rgfe{arm}y\j,mge@mrﬁﬁnm@d}jﬂet ers in length. Wthin each nesh bar 542

are rectangul ar cells neasuring approximately 0.667 mllinmeters in width
and2@2 ni | I'i nekhay stoplnmagasigh may Paerersssedsa® tgedi wonser jomponents {for grampep G 13

occl udes % Lt i 1 hi tr r i regi.an. e
ool at od Seeliguel o shicRE By hhlByklfind SRERATSRLo ORI YRur BAhER. (e

0. 8% of tdxemdlegtnkydtich] ot silRecrésdgd pdiclebigys Gae pyidedhwdaimgtdiessnveh viibesys 542.
Exanple 5 A transparent sensor elenment for a touch screen sensor is

descri bedostrpianted (ko cxamalee ikistig aalseigengdacpadyrdiye dofaueingd yayeihe two
optical | r AeSi . 1S i i G
e B aR R R U B I Ao RS DA B i R Ly Bl
cen?i net ewish seleaed amianetohdumitddsi rMBtusrinferconheatk aed sonrcator patedret mgddt foera as

depicted in FIG 17. A sujitable optically clear adhesive is tically C ear
Lam nat i i§RRAHesho8hdR A Por Mam?/mwfp@ﬁhd@%%rwewa% 1802t ¢ e
Y - layerphrRghheRs IFZ’)QPYtHFJugB'tgéndY!Iééﬂrié AdCERRBEERT RaE 1081 alisd PrilREDhy A

m cropattern of thin filmgold 30 according to the follow ng description is
deposi t ednkjnt o WhikehF16. $hast FI5. PETow Suitoatsindu@ers mutted mathesdiieation ¢é tI8T504

PET from DuPont asuring .approxi mat el 25 .mcronmeters. in .thickness. WO
2009/ 1548 TIRCH 9B de g fRE’ SH MRS o5t PP RN  dhot SN A G
22 and Flgarpeddiculth® thBisclspasswed. the gold is about 100 nanoneters. The

m cropattern 640 has transparent conductive regions in the formof a series

of parallel nE3f.BaAskowu2 crasp seadi@ntof oA ckemplssH apantsixgagch seasorzpoastrwtied nat ed
with squ Q..f ion: . el ect ' ' f itive
5 dot oot B BFC PrEBar BhuBAT R Esha iR BRI b S B ARTRTRL
segnents 641 that are electrically isolated fromthe el ectronic device. The
straight line segnments 641 lie in regions between the nesh bars, with a
simlar geometry to the |ine segnents -8¢- the nesh bars. The electrically
isolated Iine segnents 641 serve to maintain optical uniformty across the
sensor. Each bar 641, 642 is conprised of narrow netallic traces, the
traces



10 measuring approximately 3 mcroneters in width. The nmesh bars 642 each
measure approximately 2 millinmeters in wwdth and 66 mllineters in |ength.
Wt hin eawb20®si54812ar 642 conpri sing random y shaped cel PST/USh@9/83280 642
depicted in FIG 22 and FIG 23 occludes less than 5 percent of its area
wi thin the transparent conductive region. The isol ated Iine segnents 641
depicted in FIG 22 and FIG 23 also occlude |ess than | Spercent of the
area wi t Host-pieed Bl rondusiive daagsy strataiede n The ormoshlayer kOlOPrﬂelﬁd%m%% of

Metal i ze film
substr at ge&aéayegﬁ{c%rdd lé(g}dﬁ ?;’/ehtaehﬁe tgr elrsoe1 gh% Egﬁg{t%g ¢ e&’%ﬁc (t ]éel'@%ﬁ%yépﬁ?lz
DuPont denﬂbdmupat@nﬁe@emn&uctdﬂ,l thicngxomgycbdl0adas ej.adhtévophe aakt layer
properties .20 of the ST504 PTflImvver det ned b -Gard.  The haze
Pha the tIAAdn bR asEmet 8 ugtp B, Bt 4 68651% éd’ﬂmé’éil_g@/l%c?‘ésﬂ%‘ctﬂievely
Somes subsiaflaef 101BnYEIS FRA- %ghwtwmg&bébnaﬁ&o&oﬁe were coated with
silver. The gol d-coated substrates were prepared by thernmal evaporation
(DV-502A, Dentlon s&iacumrbodvante,sttomsparvacdteiuse‘y@ reEions gwithl- dibfatamtl sheet
substrates,. the su itrate ace was %‘L{) 5 coa th 20 angstrons of
chr omi um SH*¥%eh ]Eeﬁ l‘ilbérencéﬁa& ey %’fm%% %? VP R M GBI ve

si | ver - cagiced wathids ah BtRGwideWbninhibiRr at uﬁ?&rﬁpﬁ&sﬁ\er"ﬁnyiﬁﬁroaﬁp@? selective
silver-coated substrates were prepared by both thernal evaporation

( DV- 502A pl@enteahof\meaksns capboiplbs venfi, fon\menaémg@yt)cl%naclgm pWéfrres ot @pikiced by

ST WPy AR A W By BRGS0t 1 et B2 B8R 5250

Two di f f améfotmmekicestartin® nfesh @an B0 lighitrogicedragti R pice fsdreﬁmﬁlpvwaﬁa geﬁgeﬂt@lt ed by
preparing patterns of photoresist (Shipleyl818, Rohm and Haas
Phi | adel pRBISUEE {FEPATeHican %Vi@%@ﬁlﬂ%ﬁwr@%%méﬁ’ &y b%@ﬁd%@feéhgblhsu ng

phot ol | tga%%&ﬁ%eetﬁ%ﬁstghéé gﬁggtsgaﬁgssgwg%ﬁws@ o ecﬁg %gex é{\@l?xgélisf RNt

mesh shapes erein referre ers to a
pattern dosgksiteingginaraced that kavafa kzeomscotrmmlentahlthe deeglons#dhategsaxivaatidng t he

shaﬁen tﬁ?}a?r Q}Jéﬂyﬁggg}on éig% %{tﬁs&l‘%gat’g%e @gtg%}g&g?l%grrprl Si gg}l ancneetwor k

el ast omerdyg 3t 1 dedn A8k ofF RR oTRt qa LI tpgised
pol ydi rretdﬁylbgl lﬁggla\r@s((i%h 2 él%g&éllrng\O/l 184, Dogg%:or nlnr%% v ae;l]%CM %l%l gan)

over 10 tthe tBplsckeoting thu wkdtb,sﬁndmesqammdxarneatdemsﬁymibtrmds} rtmﬂer svithT e
uncured siligcone i.n contact wth. the ste asse posi to a
vacuum a0 BHER of Dreis G o S35 CalBE 1 ESRSRGEY B PHb Halt o
tool, a RR¥g asttrafgpar‘é@tscoaa@cvdv@%%mn& thﬁfaé’t@fﬁie@fbyﬁﬁthlt:sﬁﬁl'}eﬁﬁmelp%lr 08t [e@gﬁled
features approximately 1.8 m croneters in height. For both hex nmesh and

squdt e neBH ase gifrast 2 enos dhe adniae i eesistincoder uRih dengith axscligeblynitnigast e
respective, I3 Hm%%&g?tng %%ergﬁ@(a% }et&?‘tdloat é’sethexle’il.{ﬁ}'t]lﬂ&%m The stanp was

i nked by cont ac surtace relief pattern) to

a solution of Iﬁ@&l&ﬁ%ﬁ]}bhﬁﬁhﬁ@&s thaQdludO 08 0&ive B AVERhICHthe ekt esdtidyiotd ddds, 20
Massachusetts) in_ethanol for 20 hours. 10nM of ODT sol uti on was used for
the stanp'nHorh Befhathe Feaks pan bemipced i osdav tofcreat agplontmasely GoatinuQlyr or

the stany, \A%Ne? hb shex 1BethcRah LD @c'frBhngH%S%E%?ééllfsﬁg dﬂgt%r@éctfﬂeglﬁ@ance

substrates e stanped with nked st anps as For st anpi ng,
t he2fret aldamelok fustfil s aophifiacg etle trm)ntlhmaﬂt}anﬁ eﬂ@ltmcefﬁqlxiataﬂmrgnedtrwpﬁrame

whi ch was face. up, by first cont eof efllm o the
stanp Sur ARG AR e Uespnd g pRGbHFTH Bt 464 GEIL REnee s,
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rolling step reqU|red | ess t han second
resistance, in the form of an elongated 1sosceles triangle with an electrical potential
applied to its base relative to its apex, exhibits non-linear electric field from base to apex
30 due to the gradient in resistance per unit length along the field direction (created by the
narrowing width of the triangle). For touch sensors based on interdigitated arrays of such

triangular transparent conductive elements, it would be advantageous for the non-linearity
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for 10 seconds. Then, the substrate was peeled fromthe stanp, a step that
requi red wos80w1sas121 second. WD 2009/ 154812PCT/ US2009/ ©8%25000208325Mg

After stanmping, the netallized filmsubstrate with printed pattern was

i mer sed into an etchant solution for selective etching and netal
patterning. rinted nmetalized filmsubstrates bearing a gold thin film
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100 mlli zed wat er . arac efi za rve
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el ectron o] d Eﬁ% d
Haze- Gar (f%tl ﬁ%cq@gégﬁhgf (M%Y%l %gﬁﬁ& I unpi a, q’i(}a :ﬁér%at)cla erd:
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conpl et ed t hi Nnfdolhm @@H)dﬂmﬁb@ts JOthatsteyofs inChelcamt malhlaﬂlmgwelswlmlghmmpa@dt
approximately 1.63 mcroneters. The percentage of open area
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25 wherein the visible light transparent micropattern region and the larger feature region
include a patterned deposit of the same conductor (e.g., a metal) at approximately the same
thickness. The larger feature can take the form of, e.g., a wide conductive trace that makes
contact to a visible light transparent conductive micropattern region or a pad for making
contact with an electronic decoding, signal generation, or signal processing device. The

30 width of useful larger features, in combination on the same insulating layer with visible
light transparent conductive micropattern regions, is e.g. between 25 micrometers and 3

millimeters, between 25 micrometers and 1 millimeter, between 25 micrometers and 500
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10 coated filmwere determ ned by Haze-Gard. The haze and the transm ssion
measured approximately 1.14% and 91.6% respectively. H gh visibility was
assi gned wo 200w 1s4832anpl e because the gold Hex nmesh patt @Cm/usae/035256 ne
width of 1.63 micronmeters and an edge-to-edge wi dth of 400 microneters can
be easily seen. 15Exanples 7 to 15 Hexagonal nmesh grid patterns of
thin filmgold were fabricated and characteri zed according to the

pr ocedur eBICHEBUPISHRAWRN EX HgPECters apb 23¢ pigiometgie ki btweonot0 BuEameREnpl e
was neas i and listed in Table 1. The percentage of open area
was then%ﬁlggg %P%@gév%ased on the actual line wdth and desi gned

edge-t 0- edge vouwlt Hluamativ20oudt ede¢mschatd mclidesTabligble 1gdhs oragspaesit tshiestlagz e
val ue and the tlrans i ssion value for each exanpl e, asur.eld .bé Haze- Gard and
the vi si BinfianyPlecigadly LOREUGHiy R drforopaetR KIPREHPEOT BXAfyINble el L3RMEresh
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for each sakamnd endvas cheeasuaile donductige apicropatterm disppsebpe oana thé siséde lightfTabl e
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Haze-Gard and the visibility factors assigned to each exanple. Exanpl'e 24

A hex neglendudtide gedtores haahg tarthickfigsks mf désks viean $@sndnabrctaratedia andth between
characterjzed ,accordi ng to t.he_.procedures described above. The

i ver - ikt AMeT BRTPRPRS el SRUTREGH TomBy ERl Are gt SR AEtSYIE | on
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The ink solution was contacted to the back side of the stanp for 20 hours.

The2&t anpifiglepstnied. wasisibe light sraspargar.@nd hagberesempd'spmi At opraerasgr aph

oser s 11 om S SOTRLELAL VAl L SELyerphakensl it Jheypebi i o

was r ecalsabitaiednd@n kégattallp dohéuotiwashicegaltéraliodédhonnd ih hee diHlgnhght
edge-to-edge width of 600 mcroneters, which is 99.2% The optical
proper t | dENspareH subsirage. HEe MesePageindnelydesediiist regangpicrensttemyyitig agguch

01 6% r TP PRSI ARl G, TR e AP R Sk B e
t he25i | vanclhidos muslhic patirerdectndallly canduatiee Weatiirbs dviid 4 thickinesscofdesrtbanaf) an
nanometers and a width between 1 and 4 micrometers. The first region micropattern has a
first sheet resistance value in a first direction between 5 and 100 ohm per square, is visible
light transparent, and has between 96% and 99.5% open area. The second region
micropattern has a second sheet resistance value in the first direction that is different than
30 the first sheet resistance value.

Another illustrative touch screen sensor includes a visible light transparent

substrate and an electrically conductive micropattern disposed on or in the visible light

9.



25edge-t 0-edge w dth of 600 m cronmeters can be easily seen. Exanples 25 to

32 Hex mesh grid patterns of thin filmsilver were fabricated and
char act erw@edoasesiedi ng to the procedures described in EXamsh@9ngs2she
actual line wdth for each 30exanpl e was neasured using SEM and listed in
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includes metallic linear electrically conductive features having a thickness of less than 500
nanometers and a width between 0.5 and 5 micrometers. The first region micropattern has
a first sheet resistance value in a first direction between 5 and 500 ohm per square, is
visible light transparent, and has between 95% and 99.5% open areca. The second region

20 micropattern has a second sheet resistance value in the first direction that is different than
the first sheet resistance value. The micropattern also includes electrically isolated
conductor deposits. For all 5 millimeter by 5 millimeter square regions of the sensor that
lie in the visible light transparent sensing area, none of the regions have a shadowed arca
fraction that differs by greater than 50 percent from the average for all of the regions.

25 Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The electrically conductive micropattern includes metallic linear electrically
conductive features having a thickness of less than 500 nanometers and a width between 1

30 and 4 micrometers. The first region micropattern has an anisotropic first sheet resistance
with a difference in sheet resistance values for orthogonal directions of a factor of at least

1.5, is visible light transparent, and has between 96% and 99.5% open area.
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Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The electrically conductive micropattern includes metallic linear electrically

5 conductive features having a thickness of less than 500 nanometers and a width between
0.5 and 5 micrometers. The first region micropattern has an anisotropic first sheet
resistance with a difference in sheet resistance values for orthogonal directions of a factor
of at least 1.5, is visible light transparent, and has between 95% and 99.5% open area. The
micropattern also includes electrically isolated conductor deposits. For all 1 millimeter by

10 1 millimeter square regions of the sensor that lie in the visible light transparent sensing
arca, none of the regions have a shadowed area fraction that differs by greater than 75%
from the average for all of the regions.

Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light

15 transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The electrically conductive micropattern includes metallic linear electrically
conductive features having a thickness of less than 500 nanometers and a width between
0.5 and 5 micrometers. The first region micropattern has an anisotropic first sheet
resistance with a difference in sheet resistance values for orthogonal directions of a factor

20 of at least 1.5, is visible light transparent, and has between 95% and 99.5% open area. The
micropattern also includes electrically isolated conductor deposits. For all 5 millimeter by
5 millimeter square regions of the sensor that lie in the visible light transparent sensing
arca, none of the regions have a shadowed area fraction that differs by greater than 50
percent from the average for all of the regions.

25 Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The first region micropattern includes metallic linear electrically conductive
features having a width between 0.5 and 5 micrometers. The first region micropattern is

30 visible light transparent, and has between 95% and 99.5% open area. For all 1 millimeter
by 1 millimeter square regions of the first region micropattern, none of the square regions

have a shadowed area fraction that differs by greater than 75 percent from the average for
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all of the square regions. In one embodiment the first region micropattern also includes
electrically isolated conductor deposits. In one embodiment, the metallic linear
electrically conductive features have a thickness of less than 500 nanometers. In one
embodiment, the first region micropattern has a first sheet resistance value in a first
direction between 5 and 100 ohm per meter.

Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The first region micropattern includes metallic linear electrically conductive
features having a width between 0.5 and 5 micrometers. The first region micropattern is
visible light transparent, and has between 95% and 99.5% open area. For all 5 millimeter
by 5 millimeter square regions of the first region micropattern, none of the square regions
have a shadowed area fraction that differs by greater than 50 percent from the average for
all of the square regions. In one embodiment, the metallic linear electrically conductive
features have a thickness of less than 500 nanometers. In one embodiment, the first region
micropattern also includes electrically isolated conductor deposits.

Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The electrically conductive micropattern includes metallic linear electrically
conductive features having a thickness of less than 500 nanometers and a width between
0.5 and 5 micrometers. The first region micropattern has a first sheet resistance value in a
first direction between 5 and 100 ohm per square, is visible light transparent, and has
between 95% and 99.5% open area. The micropattern also includes electrically isolated
conductor deposits. For all 1 millimeter by 1 millimeter square regions of the sensor that
lie in the visible light transparent sensing area, none of the regions have a shadowed arca
fraction that differs by greater than 75 percent from the average for all of the regions.

Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The electrically conductive micropattern includes metallic linear electrically

conductive features having a thickness of less than 500 nanometers and a width between
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0.5 and 5 micrometers. The first region micropattern has a first sheet resistance value in a

first direction between 5 and 100 ohm per square, is visible light transparent, and has

between 95% and 99.5% open area. The micropattern also includes electrically isolated

conductor deposits. For all 5 millimeter by 5 millimeter square regions of the sensor that

5 lie in the visible light transparent sensing area, none of the regions have a shadowed arca
fraction that differs by greater than 50 percent from the average for all of the regions.

Another illustrative touch screen sensor includes a visible light transparent

substrate and an electrically conductive micropattern disposed on or in the visible light

transparent substrate. The micropattern includes a first region micropattern within a touch

10 sensing area and a second region micropattern. The electrically conductive micropattern
includes metallic linear electrically conductive features having a thickness of less than 500
nanometers and a width between 0.5 and 5 micrometers. The first region micropattern has
a first sheet resistance value in a first direction between 5 and 500 ohm per square, is
visible light transparent, and has between 95% and 99.5% open areca. The second region

15 micropattern has a second sheet resistance value in the first direction that is different than
the first sheet resistance value. The sensor also includes larger electrically conductive
features disposed on or in the visible light transparent substrate, the larger features
comprising a continuous conductor deposit of the same material and thickness as included
in the micropattern and measuring at least 25 micrometers in minimum dimension.

20 Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The electrically conductive micropattern includes metallic linear electrically
conductive features having a thickness of less than 500 nanometers and a width between

25 0.5 and 5 micrometers. The first region micropattern has an anisotropic first sheet
resistance with a difference in sheet resistance values for orthogonal directions of a factor
of at least 1.5, is visible light transparent, and has between 95% and 99.5% open area. The
sensor also includes larger electrically conductive features disposed on or in the visible
light transparent substrate, the larger features comprising a continuous conductor deposit

30 of the same material and thickness as included in the micropattern and measuring at least

25 micrometers in minimum dimension.
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Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area and a second region micropattern. The electrically conductive micropattern

5 includes metallic linear electrically conductive features having a thickness of less than 500
nanometers and a width between 0.5 and 5 micrometers. The first region micropattern has
a first sheet resistance value in a first direction between 5 and 500 ohm per square, is
visible light transparent, and has between 95% and 99.5% open areca. The second region
micropattern has a second sheet resistance value in the first direction that is different than
10 the first sheet resistance value. The sensor also includes larger electrically conductive
features disposed on or in the visible light transparent substrate, the larger features
comprising a continuous conductor deposit of the same material and thickness as included

in the micropattern and measuring at least 500 micrometers in minimum dimension.

Another illustrative touch screen sensor includes a visible light transparent

15 substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The electrically conductive micropattern includes metallic linear electrically
conductive features having a thickness of less than 500 nanometers and a width between
0.5 and 5 micrometers. The first region micropattern has an anisotropic first sheet

20 resistance with a difference in sheet resistance values for orthogonal directions of a factor
of at least 1.5, is visible light transparent, and has between 95% and 99.5% open area. The
sensor also includes larger electrically conductive features disposed on or in the visible
light transparent substrate, the larger features comprising a continuous conductor deposit
of the same material and thickness as included in the micropattern and measuring at least

25 500 micrometers in minimum dimension.

Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The first region micropattern includes conductive traces with width between

30 .5 and 10 micrometers. The first region micropattern is visible light transparent and has
between 90% and 99.95% open area, preferably between 95% and 99.95% open area, and

more preferably between 97% and 98% open area. For all 5 millimeter by 5 millimeter
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square regions of the first region micropattern, none of the square regions have a
shadowed area fraction that differs by greater than 75%, preferably differs by greater than
50%, more preferably differs by greater than 25%, and most preferably differs by greater
than 10% from the average for all the square regions. In one embodiment, the first region

5 micropattern includes conductive traces with width between 0.5 and 5 micrometers,
preferably between 1 and 3 micrometers.

Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch

10 sensing area. The first region micropattern includes conductive traces with width between
1 and 10 micrometers. The first region micropattern is visible light transparent and has
between 90% and 99.5% open area. The first region micropattern includes selective
breaks in conductive traces within an otherwise continuous and uniform mesh.

Another illustrative touch screen sensor includes a visible light transparent

15 substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing area. The first region micropattern includes conductive traces with width of about
[X + 0.5] in units of micrometers and an open area fraction between [95 — X]% and
99.5%. wherein 0 < X <4.5. In one embodiment, the touch screen sensor within the first

20 region micropattern exhibits a haze value less than 10% and transmission greater than
75%. In another embodiment the touch screen sensor within the first region micropattern
exhibits a haze value less than 5% and transmission greater than 85%. In one
embodiment, the first region micropattern includes conductive traces with width of about
[98.5 — (2.5X +3.5)]% and [99.5 - (X + 3.5)]% wherein 0 < X <3.5.

25 Another illustrative touch screen sensor includes a visible light transparent
substrate and an electrically conductive micropattern disposed on or in the visible light
transparent substrate. The micropattern includes a first region micropattern within a touch
sensing arca. The first region micropattern includes parallel conductive traces spaced
4mm apart with width of about 9.6um, yielding an open area fraction of 99.75%. This

30 embodiment of microreplicated electrodes comprises parallel conductors with a width of
about 4um,to 10um, separated by a distance of 0.5 mm to about 5 mm center to center.

Conductors may be formed lengthwise to a web of PET substrate, so lengths of conductors
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may be greater than 1m. Groups of adjacent conductors may be electrically interconnected
to form electrodes of 1 mm to 12 mm total width, for example, using the process described
with respect to FIG. 8 and FIG. 9. Conductors of adjacent clectrodes may be
interconnected such that electrodes are interleaved as disclosed in, for example, co-

5 pending US Patent Application Publication No. 20070074914,

EXAMPLES

The following describe exemplary touch screen sensor designs. They can be
10 fabricated using known photolithographic methods, e.g. as described in U.S. Patent No.
5,126,007 or U.S. Patent No. 5,492,611. The conductor can be deposited using physical
vapor deposition methods, e.g. sputtering or evaporation, as is known in the art. Unless
otherwise noted, the examples below include conductors patterned by a micro-contact
printing technique (see technique description above and also co-pending US Patent
15 Application No. 61/032,273). Each conductive pattern exemplified herein is useful as a
transparent touch screen sensor, when connected to decoding circuitry, as is known in the
art (e.g., U.S. Patent No. 4,087,625; U.S. Patent No. 5,386,219; U.S. Patent No. 6,297,811;

WO 2005/121940 A2).

20 Example 1
A micropattern of thin film gold according to the following description is
deposited onto a thin sheet of colorless glass (approximately 1 millimeter in thickness).
The micropattern 240 is depicted in FIG. 11 and FIG. 12. The thickness or height of the
gold layer is about 100 nanometers. The micropattern 240 involves a series of horizontal
25 (x-axis) mesh bars 241 comprising horizontal narrow traces 242, the traces 242 measuring
approximately 2 micrometers in width. Four of these horizontal mesh traces 242 are in
electrical communication with a larger feature contact pad 260. The mesh bars measure
approximately 6 millimeters in width. Accordingly, with thirteen evenly spaced traces
244 traversing a width (y-axis) of 6 millimeters and thirteen evenly spaced traces 242
30 traversing a length (x-axis) of 6 millimeters, the pitch of the square grid of traces is 500
micrometers. As depicted in FIG. 12, certain traces have breaks 250, measuring

approximately 25 micrometers (exaggerated in the figures, for ease in locating). For a
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square grid with 2 micrometers wide opaque traces on a 500 micrometer pitch, the fill

factor for opaque traces is 0.80%, thus leading to an open area of 99.20%. For the same

square grid, except with a 25 micrometer break every 500 micrometers, the fill factor is

0.78%, thus leading to an open area of 99.22%. Thus, the design includes Imm x 6mm

5 regions with 99.22% open areca and 6mm x 6mm regions with 99.20% open arca. The
average visible transmittance of the glass article with mesh is approximately 0.92%0.992 =

91% (with the factor of 0.92 related to interfacial reflection losses in light transmission in

the non-conductor-deposited areas of the pattern). Along the horizontal bar direction,

there is a series of complete grid regions connected together by four traces of gold.

10 Assuming an effective bulk resistivity of SE-06 ohm-cm for sputtered thin film gold, each
2 micrometer wide, 500 micrometer long segment of thin film gold has a resistance of
approximately 125 ohms. The regions with a completed grid, for current passing in the
direction of the bars, have an effective sheet resistance of approximately 115 ohms per

square. The four traces connecting the regions with completed grids create approximately

15 62.5 ohms of resistance between the regions. The above described arrangement of
conductive trace elements leads to a spatially varying resistance per unit length along the

bar direction as plotted in FIG. 13. FIG. 14 illustrates an equivalent circuit for the array of

horizontal mesh bars. The circuit has a series of plates connected by resistors.

20 Example 2
A micropattern of thin film gold according to the following description is
deposited onto a thin sheet of colorless glass (approximately 1 millimeter in thickness).
The micropattern 340 is depicted in FIG. 15. The thickness of the gold is about 100
nanometers. The micropattern 340 has transparent conductive regions in the form of a
25 series of interdigitated wedges or triangles. Each wedge is comprised of a mesh made up
of narrow metallic traces 342, 344, the traces 342, 344 (see FIG. 15a — FIG. 15c¢)
measuring approximately 2 micrometers in width. The mesh wedges measure
approximately 1 centimeter in width at their base and approximately six centimeters in
length. The pitch of the square grid of traces 342, 344 is 500 micrometers. Within
30 selected regions of the mesh (see FIG. 15a — FIG. 15b), within a wedge, breaks 350
measuring approximately 25 micrometers in length are placed intentionally to affect the

local sheet resistance within the wedge, for current passing along its long axis. As
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depicted in FIG. 15a and FIG. 15b, regions 15a and 15b (the regions being separated by

approximately 1 centimeter in FIG. 15), breaks 350 are included in the mesh that increase

the sheet resistance in the direction of the long axis by a factor greater than 1.2. The

overall design also includes region 15¢ (as depicted in FIG. 15¢), which is electrically

5 isolated and spaced apart from regions 15a and 15b, and which has a mesh of with sheet

resistance value less than those of regions 15a and 15b. The mesh region 15¢ has an open

arca of 99.20%, while the mesh regions 15a and 15b have open area fractions of 99.20%

and 99.21% respectively. The overall design also includes regions 15d and 15¢ (as

depicted in FIG. 15d and FIG. 15¢) with meshes of larger pitch than regions 15a, 15b and

10 15¢, but with the same width of traces, leading to increased sheet resistance and visible
transmittance.

FIG. 16 illustrates the effect of engineering the mesh properties as described above
on the gradient in resistance along a wedge, versus the use of a standard ITO coating for
the same shape of region. The overall design also includes larger conductive features in

15 the form of conductive leads along the left and right sides of the pattern, the leads being
approximately 1 millimeter wide and patterned from thin film gold with approximately

100 nanometers thickness.

Example 3
20 A transparent sensor element 400 for a touch screen sensor is illustrated in FIG. 17.
The sensor element 400 includes two patterned conductor layers 410, 414, (e.g., an X axis
layer and a Y axis layer) two optically clear adhesive layers 412, 416, and a base plate
418, laminated together and depicted as separated in FIG. 17 for clarity. Layers 410 and
414 include transparent conductive mesh bars where one layer is oriented in the x axis
25 direction and the other layer is orientated in the y axis direction, with reference to FIG. 2.
The base plate 418 is a sheet of glass measuring 6 centimeter by 6 centimeters in area and
I millimeter in thickness. A suitable optically clear adhesive is Optically Clear
Laminating Adhesive 8141 from 3M Company, St. Paul, Minnesota. For each of the X -
layer and the Y - layer, a clear polymer film with a micropattern of metal is used. A
30 micropattern of thin film gold according to the following description is deposited onto a
thin sheet of PET. Suitable PET substrates include ST504 PET from DuPont,

Wilmington, Delaware, measuring approximately 125 micrometers in thickness.
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The micropattern 440 is depicted in FIG. 18 and FIG. 19. The thickness of the
gold is about 100 nanometers. The micropattern has transparent conductive regions in the
form of a series of parallel mesh bars 442. In addition to mesh bars that are terminated
with square pads 460 (approximately 2 millimeters by 2 millimeters in area, comprising

5 continuous conductor in the form of thin film gold with thickness approximately 100
nanometers) for connection to an electronic device for capacitive detection of finger touch
to the base plate, there are mesh bars 441 that are electrically isolated from the electronic
device. The isolated mesh bars 441 serve to maintain optical uniformity across the sensor.
Each bar is comprised of a mesh made up of narrow metallic traces 443, the traces 443

10 measuring approximately 5 micrometers in width. The mesh bars each measure
approximately 2 millimeters in width and 66 millimeters in length. Within each mesh bar
are rectangular cells measuring approximately 0.667 millimeters in width and 12
millimeters in length. This mesh design serves to provide ties between long-axis traces in
cach mesh bar, to maintain electrical continuity along the mesh bar, in case of any open-
15 circuit defects in the long axis traces. However, as opposed to the use of a square mesh
with 0.667 millimeter pitch having such ties, the rectangular mesh of FIG. 18 and FIG. 19
trades off sheet resistance along the mesh bar with optical transmittance more optimally.
More specifically, the mesh bar depicted in FIG. 18 and FIG. 19 and a 2 millimeter wide
mesh bar comprising a square mesh with 0.667 millimeter pitch would both have
20 essentially the same sheet resistance along the long axis of the mesh bar (approximately 50
ohms per square); however, the square grid would occlude 1.5% of the area of the
transparent conductive region and the mesh depicted in FIG. 18 and FIG. 19 occludes only

0.8% of the arca of the transparent conductive region.

25 Example 4
A transparent sensor element for a touch screen sensor is described. The sensor
element includes two patterned conductor layers, two optically clear adhesive layers, and a
base plate as depicted in FIG. 17. The base plate is a sheet of glass measuring 6
centimeter by 6 centimeters in area and 1 millimeter in thickness, laminated together as
30 depicted in FIG. 17. A suitable optically clear adhesive is Optically Clear Laminating
Adhesive 8141 from 3M Company. For each of the X - layer and the Y - layer, a clear

polymer film with a micropattern of metal is used. A micropattern of thin film gold
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according to the following description is deposited onto a thin sheet of PET. Suitable PET
substrates include ST504 PET from DuPont, measuring approximately 125 micrometers in
thickness.
The micropattern 540 is depicted in FIG. 20 and FIG. 21. The thickness of the
5 gold is 100 nanometers. The micropattern 540 has transparent conductive regions in the
form of a series of parallel mesh bars 542. In addition to mesh bars 542 that are
terminated with square pads 560 for connection to an electronic device for capacitive
detection of finger touch to the base plate, there are straight line segments 541 that are
electrically isolated from the electronic device. The straight line segments 541 lie in
10 regions between the mesh bars 542, with essentially the same geometry as the mesh bars,
except for approximately 25 micrometer breaks 550 as depicted in FIG. 13. The isolated
line segments 541 serve to maintain optical uniformity across the sensor. Each bar 542 is
comprised of a mesh made up of narrow metallic traces, the traces measuring
approximately 5 micrometers in width. The mesh bars 542 each measure approximately 2
15 millimeters in width and 66 millimeters in length. Within each mesh bar 542 are
rectangular cells measuring approximately 0.667 millimeters in width and 12 millimeters
in length. The mesh 542 depicted in FIG. 12 and FIG. 13 occludes 0.8% of its area within
the transparent conductive region. The isolated line segments 541 depicted in FIG. 12 and
FIG. 13 also occlude 0.8% of the area within the region they occupy between the mesh
20 bars 542.

Example 5

A transparent sensor element for a touch screen sensor is described. The sensor

element includes two patterned conductor layers, two optically clear adhesive layers, and a

25 base plate as depicted in FIG. 17. The base plate is a sheet of glass measuring 6
centimeter by 6 centimeters in area and 1 millimeter in thickness, laminated together as
depicted in FIG. 17. A suitable optically clear adhesive is Optically Clear Laminating
Adhesive 8141 from 3M Company. For ecach of the X - layer and the Y - layer, a clear
polymer film with a micropattern of metal is used. A micropattern of thin film gold

30 according to the following description is deposited onto a thin sheet of PET. Suitable PET
substrates include ST504 PET from DuPont, measuring approximately 125 micrometers in

thickness.
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The micropattern 640 is depicted in FIG. 22 and FIG. 23. The thickness of the
gold is about 100 nanometers. The micropattern 640 has transparent conductive regions in
the form of a series of parallel mesh bars 642. In addition to mesh bars 642 that are
terminated with square pads 660 for connection to an electronic device for capacitive

5 detection of finger touch to the base plate, there are straight line segments 641 that are
electrically isolated from the electronic device. The straight line segments 641 lie in
regions between the mesh bars, with a similar geometry to the line segments of the mesh
bars. The electrically isolated line segments 641 serve to maintain optical uniformity
across the sensor. Each bar 641, 642 is comprised of narrow metallic traces, the traces

10 measuring approximately 3 micrometers in width. The mesh bars 642 each measure
approximately 2 millimeters in width and 66 millimeters in length. Within each mesh bar
642 comprising randomly shaped cells. The mesh 642 depicted in FIG. 22 and FIG. 23
occludes less than 5 percent of its areca within the transparent conductive region. The
isolated line segments 641 depicted in FIG. 22 and FIG. 23 also occlude less than 5

15 percent of the area within the region they occupy between the mesh bars.

Preparation of Metalized Polymer Film Substrates e.g.s 6 through 40

A polymer film substrate was provided, polyethyleneterephthalate (PET) (ST504,

E. I. DuPont de Nemours and Company, Wilmington, Delaware). The optical properties
20 of the ST504 PET film were determined by Haze-Gard. The haze and the transmission
measured approximately 0.67% and 92.9%, respectively.

Some substrate films were coated with gold and some were coated with silver. The
gold-coated substrates were prepared by thermal evaporation (DV-502A, Denton Vacuum,
Moorestown, New Jersey). For gold-coated substrates, the substrate surface was first

25 coated with 20 angstroms of chromium and then coated with 100 nanometers of gold. In
the case of silver-coated substrates, two different methods were used. Some silver-coated
substrates were prepared by both thermal evaporation (DV-502A, Denton Vacuum,
Moorestown, New Jersey) and some were prepared by sputtering (3M). The substrate
surface was coated with 100 nanometers of silver in all cases.

30

Stamp Fabrication
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Two different master tools for molding eclastomeric stamps were generated by
preparing patterns of photoresist (Shipleyl1818, Rohm and Haas Company, Philadelphia,
Pennsylvania) on 10-centimeter diameter silicon wafers using photolithography. The
different master tools were based on two different mesh shapes, herein referred to as

5 "Hex" and "Square". Hex refers to a pattern comprising a network of lines that define
enclosed arcas having the shape of a regular hexagon. Square refers to a pattern
comprising a network of lines that define enclosed areas having the shape of squares. An
clastomeric stamp was molded against the master tool by pouring uncured
polydimethylsiloxane (PDMS, SylgardTM 184, Dow Corning, Midland Michigan) over

10 the tool to a thickness of approximately 3.0 millimeters. The uncured silicone in contact
with the master was degassed by exposing to a vacuum, and then cured for 2 hours at
70°C. After peeling from the master tool, a PDMS stamp was provided with a relief
pattern comprising raised features approximately 1.8 micrometers in height. For both hex
mesh and square mesh stamps, the raised features of were the lines defining the respective

15 mesh geometry, as described above.

Inking
The stamp was inked by contacting its back side (flat surface without relief pattern)
to a solution of octadecylthiol ("ODT" 00005, TCI AMERICA, Wellesley Hills,
20 Massachusetts) in ethanol for 20 hours. 10mM of ODT solution was used for the stamp
with square mesh pattern, and SmM of ODT solution was used for the stamp with hex

mesh pattern.

Stamping
25 Metalized polymer film substrates were stamped with inked stamps as described
above. For stamping, the metalized film was contacted to the stamp relief patterned-
surface, which was face up, by first contacting an edge of the film sample to the stamp
surface and then rolling the film into contact across the stamp, using a foam roller with
diameter of approximately 3.0 centimeters. The rolling step required less than 1 second to
30 execute. After rolling step, the substrate was contacted with the stamp for 10 seconds.

Then, the substrate was peeled from the stamp, a step that required less than 1 second.
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Etching

After stamping, the metallized film substrate with printed pattern was immersed

into an etchant solution for selective etching and metal patterning. For printed metalized

film substrates bearing a gold thin film, the etchant comprised 1 gram of thiourea (T8656,

5 Sigma-Aldrich, St. Louis, Missouri), 0.54 milliliter of concentrated hydrochloric acid
(HX0603-75, EMD Chemicals, Gibbstown, New Jersey), 0.5 milliliter of hydrogen
peroxide (30%, 5240-05, Mallinckrodt Baker, Phillipsburg, New Jersey), and 21 grams of
deionized water. To pattern the gold thin film, the printed metalized film substrate was
immersed in the etch solution for 50 seconds. For printed metalized film substrates

10 bearing a silver thin film, the etchant comprised 0.45 grams of thiourea (T8656, Sigma-
Aldrich, St. Louis, Missouri), 1.64 grams of ferric nitrate (216828, Sigma-Aldrich, St.

Louis, Missouri), and 200 milliliter of deionized water. To pattern the silver thin film, the

printed metalized film substrate was immersed in the etch solution for 3 minutes. After
patterned etching of the gold, residual chromium was etched using a solution of 2.5 grams

15 of potassium permanganate (PX1551-1, EMD Chemicals, Gibbstown, New Jersey), 4
grams of potassium hydroxide (484016, Sigma-Aldrich, St. Louis, Missouri), and 100

milliliters of deionized water.

Characterization
20 After selective etching and metal patterning, the metal patterns were characterized
using an optical microscope (Model ECLIPSE LV100D equipped with a DS-Fil digital
camera and NIS-Elements D software, Nikon, Melville, New York), scanning electron
microscope (SEM, Model JSM-6400, JEOL Ltd, Tokyo, Japan), and Haze-Gard (Haze-
Gard plus, BYK Gardner, Columbia, Maryland). The microscopic techniques were used
25 to determine the width of line features in the metal pattern. Haze-Gard was used to
determine the transmission and the haze for the mesh-grid coated films. The HazeGard
measurements were done after laminating the patterned film on a glass with an optical
clear adhesive (3M Product). The visibility factor of high, medium, and low was assigned
to describe the degree of visibility of line features in the metal pattern (human observation

30 with unaided eye).
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Example 6
A hexagonal mesh grid pattern of thin film gold was fabricated and characterized
according to the procedures described above. The ink solution comprised octadecylthiol
dissolved in ethanol at a concentration of SmM. The ink solution was contacted to the
5 back side of the stamp for 20 hours. The stamping time was 10 seconds. FIG. 1 gives an
SEM photomicrograph recorded from the completed thin film gold micropattern. The
actual line width measured approximately 1.63 micrometers. The percentage of open arca
was recalculated based on the measured line width and the designed edge-to-edge width of
400 micrometers, which is 99.2%. The optical properties of the gold Hex mesh grid
10 coated film were determined by Haze-Gard. The haze and the transmission measured
approximately 1.14% and 91.6%, respectively. High visibility was assigned to this
example because the gold Hex mesh pattern with a line width of 1.63 micrometers and an

edge-to-edge width of 400 micrometers can be easily seen.

15 Examples 7 to 15
Hexagonal mesh grid patterns of thin film gold were fabricated and characterized
according to the procedures described in Example 1. The actual line width for each
example was measured using SEM and listed in Table 1. The percentage of open arca was
then recalculated based on the actual line width and designed edge-to-edge width and
20 listed in Table 1. Table 1 also gives the haze value and the transmission value for each

example measured by Haze-Gard and the visibility factors assigned to each example.

Example 16

A square mesh grid pattern of thin film gold was fabricated and characterized

25 according to the procedures described above. The ink solution comprised octadecylthiol
dissolved in ethanol at a concentration of 10mM. The ink solution was contacted to the

back side of the stamp for 20 hours. The stamping time was 10 seconds. The actual line

width measured approximately 4.73 micrometers using optical microscope.  The
percentage of open arca was recalculated based on the measured line width and the

30 designed pitch of 320 micrometers, which is 97.0%. The optical properties of the gold
Square mesh grid coated film were determined by Haze-Gard. The haze and the

transmission measured approximately 1.58% and 88.6%, respectively. High visibility was
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assigned to this example because the gold Square mesh pattern with a line width of 4.73

micrometers and a pitch of 320 micrometers can be easily seen.

Examples 17-23
5 Square mesh grid patterns of thin film gold were fabricated and characterized
according to the procedures described in Example 11. The actual line width for each
example was measured using optical microscope and listed in Table 1. The percentage of
open area was then recalculated based on the actual line width and designed pitch and
listed in Table 1. Table 1 also gives the haze value and the transmission value for each

10 example measured by Haze-Gard and the visibility factors assigned to each example.

Example 24

A hex mesh grid pattern of thin film silver was fabricated and characterized

according to the procedures described above. The silver-coated substrates were prepared

15 by sputtering. The ink solution comprised octadecylthiol dissolved in ecthanol at a
concentration of SmM. The ink solution was contacted to the back side of the stamp for

20 hours. The stamping time was 10 seconds. FIG. 2 gives an SEM photomicrograph
recorded from the completed thin film silver micropattern. The actual line width
measured approximately 2.43 micrometers. The percentage of open arca was recalculated

20 based on the measured line width and the designed edge-to-edge width of 600
micrometers, which is 99.2%. The optical properties of the gold Hex mesh grid coated

film were determined by Haze-Gard. The haze and the transmission measured
approximately 1.19% and 91.8%, respectively. High visibility was assigned to this
example because the silver Hex mesh pattern with a line width of 2.43 micrometers and an

25 edge-to-edge width of 600 micrometers can be casily seen.

Examples 25 to 32
Hex mesh grid patterns of thin film silver were fabricated and characterized
according to the procedures described in Example 19. The actual line width for each
30 example was measured using SEM and listed in Table 1. The percentage of open arca was

then recalculated based on the actual line width and designed edge-to-edge width and

45-



33 Silver Square 5.9 96.3 1.77 88.9 High 3 34 Silver Square 3.35 95.8 2. 46
88.0 Medium 2 35 Silver
WO 2009/154812 PCT/US2009/035250

listed in Table 1. Table 1 also gives the haze value and the transmission value for each

example measured by Haze-Gard and the visibility factors assigned to each example.

Example 33
5 A Square mesh grid pattern of thin film silver was fabricated and characterized
according to the procedures described above. The silver-coated substrates were prepared
by thermal evaporation. The ink solution comprised octadecylthiol dissolved in ethanol at
a concentration of 10mM. The ink solution was contacted to the back side of the stamp
for 20 hours. The stamping time was 10 seconds. The actual line width measured
10 approximately 5.9 micrometers using optical microscope. The percentage of open arca
was recalculated based on the measured line width and the designed pitch of 320
micrometers, which is 96.3%. The optical properties of the silver Square mesh grid coated
film were determined by Haze-Gard. The haze and the transmission measured
approximately 1.77% and 88.9%, respectively. High visibility was assigned to this
15 example because the silver Square mesh pattern with a line width of 5.9 micrometers and a

pitch of 320 micrometers can be casily seen.

Examples 34-40
Square mesh grid patterns of thin film silver were fabricated and characterized
20 according to the procedures described in Example 28. The actual line width for each
example was measured using optical microscope and listed in Table 1. The percentage of
open area was then recalculated based on the actual line width and designed pitch and
listed in Table 1. Table 1 also gives the haze value and the transmission value for each

example measured by Haze-Gard and the visibility factors assigned to each example.

25
Table 1
Line Open
Example | Metal Mesh width arca Haze | Transmission | Visibility | Region'
number type | geometry | (um) | fraction | (%) (%) of Lines
0

6 Gold Hex 1.63 é;); 1.14 91.6 High 2

7 Gold Hex 2.92 99.0 1.04 91.6 High 2

8 Gold Hex 2.91 99.0 1.2 91.5 High 2

9 Gold Hex 1.92 98.7 1.37 91.4 Medium 1
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Line Open
Example | Metal Mesh width area Haze | Transmission | Visibility Region1
number type | geometry | (um) | fraction | (%) (%) of Lines
0
10 Gold Hex 2.14 é;% 1.61 91.2 Low 1
11 Gold Hex 1.84 98.2 1.62 90.9 Low 1
12 Gold Hex 2.65 98.2 1.42 90.8 Medium 1
13 Gold Hex 2.69 97.3 1.76 90.6 Low 1
14 Gold Hex 1.13 97.7 2.57 90.3 Low 2
15 Gold Hex 227 97.7 1.78 90.3 Low 1
16 Gold Square 4.73 97.0 1.58 88.6 High 2
17 Gold Square 3.01 96.2 2.33 88.4 Medium 2
18 Gold Square 4.7 94.1 1.95 86.0 Medium 2
19 Gold Square 3.01 92.5 3.77 85.6 Low 2
20 Gold Square 4.49 91.4 2.77 83.3 Low 2
21 Gold Square 3.18 87.3 5.45 81.1 Low 3
22 Gold Square 4.73 88.2 3.11 80.9 Low 3
23 Gold Square 2.82 86.9 6.68 79.1 Low 3
24 Silver Hex 243 99.2 1.19 91.8 High 2
25 Silver Hex 2.18 99.3 1.45 91.7 High 2
26 Silver Hex 1.92 99.0 1.39 91.5 High 2
27 Silver Hex 2.44 98.4 1.62 91.3 Medium 1
28 Silver Hex 0.94 99.1 1.92 91.2 Low 1
29 Silver Hex 2.18 98.6 1.92 91.0 Medium 1
30 Silver Hex 2.55 97.5 1.93 90.8 Low 1
31 Silver Hex 1.81 98.2 1.96 90.7 Low 1
32 Silver Hex 2.89 97.1 2.04 90.0 Low 1
33 Silver | Square 59 96.3 1.77 88.9 High 3
34 Silver | Square 3.35 95.8 2.46 88.0 Medium 2
35 Silver | Square 5.57 93.1 2.55 86.2 Medium 3
36 Silver | Square 2.76 93.1 3.99 85.0 Low 2
37 Silver | Square 5.74 89.1 3.49 83.6 Low 3
38 Silver | Square 5.7 85.8 4.09 80.8 Low 3
39 Silver | Square 2.98 88.1 5.69 80.2 Low 3
40 Silver | Square 2.78 87.1 7.0 71.6 Low 3
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'Region refers to the different regions as shown and labeled in FIG. 24.

Example 41

A transparent sensor element was fabricated and combined with a touch sensor

5 drive device as generally shown in FIGs. 27, 28 and 29 using microcontact printing and
etching as described in co-assigned US Provisional application 61/032,273. The device

was then integrated with a computer processing unit connected to a display to test the

device. The device was able to detect the positions of multiple single and or simultancous

finger touches, which was evidenced graphically on the display. This example used

10 micro-contact printing and etching techniques (see also co-pending US Patent App. No.

61/032,273) to form the micro-conductor pattern used in the touch sensor.

Formation of a Transparent Sensor Element
First patterned substrate
15 A first visible light substrate made of polyethylene terephthalate (PET) having a
thickness of 125 micrometers (um) was vapor coated with 100nm silver thin film using a
thermal evaporative coater to yield a first silver metalized film. The PET was
commercially available as product number ST504 from E.I. du Pont de Nemours,
Wilmington, DE. The silver was commercially available from Cerac Inc., Milwaukee, WI
20 as 99.99% pure 3mm shot.
A first poly(dimethylsiloxane) stamp, referred to as PDMS and commercially
available as product number Sylgard 184, Dow Chemical Co., Midland, MI, having a
thickness of 3mm, was molded against a 10cm diameter silicon wafer (sometimes referred
to in the industry as a “master”) that had previously been patterned using standard
25 photolithography techniques. The PDMS was cured on the silicon wafer at 65°C for 2
hours. Thereafter, the PDMS was peeled away from the wafer to yield a first stamp
having two different low-density regions with patterns of raised features, a first continuous
hexagonal mesh pattern and a second discontinuous hexagonal mesh pattern. That is, the
raised features define the edges of edge-sharing hexagons. A discontinuous hexagon is
30 one that contains selective breaks in a line segment. The selective breaks had a length less
than 10um. The breaks were designed and estimated to be approximately Sum. In order

to reduce their visibility, it found that, preferably, the breaks should be less than 10um,
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80.2 Low 3 40 Silver Square 2.78 87.1 7.0 77.6 Low 3 WO

2009/ 154812PCT/ US2009/ 035250 Region refers to the different regions as
shown andwbDab@/eseéizn FI G 24. Exanple 41 A transparent $EMAISR000/085M8Nt Was
fabricated and conbined with a touch sensor 5 drive device as generally
shown in FIGs. 27, 28 and 29 using mcrocontact printing and etching as
described in co-assigned US Provisional application 61/032,273. The device
was t hen MofeajFiRraddy.witih 04 lesmpt detyedic & w8 nyyuynikack gased hewgos atlificspl ay

to test t hﬁerctileﬁ/aidcae' eEiTﬁ][goou él\rlxl%,%%dvi@% %oa?%eargé) c@m\%%%"éf cgrge%ggr?d?ing]{oo@ﬁ% % 9 oI tiple

single ard or Sinu n i nger touches, wa ced ‘graphically

on the digpehayea, A BnexcpiRhe tHeadeabfd qfdin 2QB BAGT inPXideH. | Tige AR stainhildeg
techni ques (see al so co-pending US Patent App. No. 61/032,273) to formthe
ni cr o- coriBeledes rappad festyeydefming>Qhen pédecihacsendbe first stamp has a first structured

5 side that has the hexagonal mesh pattern regions and the traces and an opposing second
substantially flat side.

The stamp was placed, structured side up, in a glass Petri dish containing 2mm
diameter glass beads. Thus, the second, substantially flat side was in direct contact with
the glass beads. The beads served to lift the stamp away from the base of the dish,

10 allowing the following ink solution to contact essentially all of the flat side of the stamp.
A 10 millimolar ink solution of 1-octadecancthiol (product number CI8H3CS, 97%,
commercially available from TCI America, Portland OR) in ethanol was pipetted into the
Petri dish beneath the stamp. The ink solution was in direct contact with the second
substantially flat side of the stamp. After sufficient inking time (e.g., 3 hours) where the

15 ink has diffused into the stamp, the first stamp was removed from the petri dish. The
inked stamp was placed, structured side up, onto a working surface. The first silver
metalized film was applied using a hand-held roller onto the now inked structured surface
of the stamp such that the silver film was in direct contact with the structured surface. The
metalized film remained on the inked stamp for 15 seconds. Then the first metalized film

20 was removed from the inked stamp. The removed film was placed for three minutes into a
silver etchant solution, which contained (i) 0.030 molar thiourea (product number T8656,
Sigma-Aldrich, St. Louis, MO) and (i1) 0.020 molar ferric nitrate (product number 216828,
Sigma-Aldrich) in deionized water. After the etching step, the resulting first substrate was
rinsed with deionized water and dried with nitrogen gas to yield a first patterned surface.

25 Where the inked stamp made contact with the silver of the first metalized substrate, the
silver remained after etching. Thus silver was removed from the locations where contact
was not made between the inked stamp and silver film.

Figures 27, 27a and 27b show a first patterned substrate 700 having a plurality of
first continuous regions 702 alternating between a plurality of first discontinuous regions

30 704 on a first side of the substrate, which is the side that contained the now etched and
patterned silver metalized film. The substrate has an opposing second side that is

substantially bare PET film. Each of the first regions 702 has a corresponding 500um
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Formati on of a Transparent Sensor Elenment First patterned substrate |ISA
first visible |ight substrate made of pol yethyl ene terephthal ate (PET)

havi ng a wbi2ednvsgs2of 125 mcroneters (pnm) was vapor coRCedSanooio3ses®nm
silver thin filmusing a thernmal evaporative coater to yield a first silver
netalized film The PET was commercially avail abl e as product nunber ST504
fromE |I. du Pont de Nenoburs, WImngton, DE. The silver was comrercially

avai | abl evile sandustise trperc706 dippasadiReenc and. sx 239 shaws piypepladad @awtof the A

first pol j i {qmg - - gm{ i.ally
avai | abl eﬁlré{[glﬂegl‘rB %m}%? lalrlllgg%g)@rg?f gar 8n{i@11?% Bg\g/jvs %ﬁg%%c%&{,wm% ancf,%r?/l ,
havi ng a Eld.2kbshswehin 3xptpdatas cwolf dedfiagdisemitinaodsOegiodi 7@ddtreing si fluirabty waf er
(sonetines referred to.in the industry as "master") that had_previously
been pat t¥r ABGOREIUAYS sHiend&PaVEs5 ai’)h%ﬁl%/ﬂ“l’v? h@@ﬁ%spﬁg} £ rhea%f@@? FRRIMEDNS was
cur ol on ¢ifBnthddus A8 ABHAmAh HRELE EANIAM SRR kLR TONEPRIFNRS
peel ed away fromthe wafer to yield a first stanp having two different

| ow densi%Ao teef%6pemireth Padhtlererssgmentma¢asetd fiwan Atedyma first conti nuous
hexagonal rrestgﬁgat%erﬁ an absecond di sconti nuous hexagonal mesh pattern.
That is, the riceRPaEernsrsubHtane the edges of edge-sharing hexagons. A
di sconti nuous TRXRIERY ptcPhdOfDstratdtwaoRAR ASthS EArSChitNeendar KBliSaté Risiagld ne
segnent. The sel ective breaks had a length | ess than IOI;l)m The brea%s wer e
desi gned saeidegsipledighd sulstigte tappedneematcednd Spier metpliged@imt &\ pesgnd stantpei r

vo Boor bt lishag) tsBEsSIERst: bt BRI ANEH Bifford Beylgil 1OPT

bet ween Icedid dsromtinioas hexaiosgidn&@xagen. out | i ne pattern had a hei ght of
2jim had 1%tq 3% area coverage, corres(gondi ng. to 97% to 99% open area,

and |ine segneigcs Ad+283sud A8bphpponsezopd patierasd substipte 7RO haviag riMwielitt anp

al so incl riai WAl i i st anp

nas a 11 1o oo r STbbAS A e Yo R b ARl s

and t he tregioss72hdn arfirsqpyidisofittic Sewaddubstiasd. aBidhadfl the k¢@hd séglens 722 has aThe

stag was placed, structured side up, in a glass Petri dish containing 2mm
t

di ahet er QrEgondwgR00umpyade serendsenshgtivestiprst 20 dianasgd £1 gie diddel fas28an
di t i . b . Pt
iy 1 1 o PRSpAiRdLd Ficl 80GNR0RR (ot PAAIRIARL Biflul oFlebbairhidfs BRATP,

cont act dbaringiaahdxpgadal nadshtshactiiteat FBG A28 thdwwears tgipdedAvid® ofi dolei seodmlr | nk
solution of 1-octadecan i ol . (product number C18H3CS, 97% comercially
avai | abl elsopfife: apeR ?}@2, hapsie  SHTAER) Oﬁém}aﬂw Uass (3Pt BdIoRYYS t he
Petri di shohgngahdy Eéﬁﬁéﬁ)%ﬁnin;éhﬁsdoﬂﬁn s Hek QdnPRicsstHlchBEL THEREREHvAM T h
t he second substantial 'y flat Side of the stanp. After sufficient inking
ti n20 (e. coreakd lmduz d9nghhdese thime 10Bmi nKhddsealts f\Wars eldsigned ahdessmatiep, tot e

first stanp was r ved fragmthe, petri. dish. The inked st | aced,
Struct or S ERGE SR b SO RrHE et Sl o S8 G P BEE 11
was appl isgeuldYeNBssahnanlhemere! bfcfdblR Huth bhRsd)QW | HEkeebnSt haE s uhedEsdl f ace
of the stanp such that the silver filmwas in direct contact wth the

st ruct ur ggeshuytfugiiee o iegion {722 jand J72#i hath F8mde 8% opent wisai el lincasepmentr 15
seconds. Then fhrst nmetalized film20 was renoved fromthe inked stanp.
The renovec %?ﬁeh%%mnégt%?%%w for three mnutes into a silver etchant
soledion, which contained (i) 0.030 nol ar thiourea (product nunber T8656,

Sigma-Aldrich, St. Louis, M) and (ii)_ 0.020 nolar_ferric nitrate (product

nunber 21EpEtion; of Relralfted GRPAGHIVE K aich Acheapemsor Blemeantt he et chi ng st ep,

the resul ting . e i i el i.ed

with nitrogen %Haesﬁft%%)&/i??%é éi P;lﬁ?ezltlerdpgt?o? g?tﬁéegﬁsdgréfbg)gée%;%%%(gﬁ%%?ﬁdgqlé nked

st anp madeodeydracdjcsted bapabigivs tduek scroén trixesphicnsdensetebdmene ds flllostsr at e, t he

silver remain a{,lt er etching. Thua Sﬁ' | ver was renoved fflom t he | ac fi ons
S t

wher e cont act b ANgrseRon é%%@ﬁ SIS WISt ed faesher, ang Qpﬁfa y
Fi gt es ?dlea@ﬂ&niﬁﬂgngzxghc%mﬁllf frérﬁ@l\@‘@o&ﬁﬂaﬁlﬁ}%@ phsit MY §o Zrﬁ@d Qq‘fﬁilﬂ&y@rl )

plurality of first continuous regions 702 alternating between a plurality
of first whstomhvindoumdheddirohs w30 uz@itodamenatd the twe ipatécrodd substratebwith dice,

which is the si that cont ai ned .the now etche d t.erned,sil ver
Tt ol edeePrsb Bt e SRg AR D S SR g Blo SR it Hee.
substantially bare PET film Each of the first regions 702 has a
correspondi ng 5001. 1m 50



WO 2009/ 154812PCT/ US2009/ 035250 wi de conductive trace 706 di sposed at one
end. FIG 27a shows an exploded view of the first region 702 having a

pl ural i t yWwof20@asssiauous |ines form ng a hexagonal nesh $CTASLAMM3S2F0 G 27b
shows an expl oded view of the first discontinuous region 704 having a
plurality of discontinuous |lines (shown as selective breaks in each
hexagon) form ng a 5di sconti nuous hexagonal nesh structure. Each nesh

st r uct ur elsf mpligaysh somrhRcher Wap Jamidted 1oy @ 7omudhiele Hoal gass i Optigaly

segnent ’Eﬁ@au & iI{aEigg]t AdiQivdl §111 S8GORt RAL LELNEHe Z?'ft) e ‘ﬁ%ﬁ Ssuul‘g)stlrate D%

second patterned s rate was nade as the first p erne strate using
a second prosinateetol thgloasglhst rBicadhesipe didt destaand secomd @ndu@iveneicalregiens fi | m

A second stanp 10 produced havi ng a second, conti nuous hexagpnal nesh
pattern 7 oé?é\él\ﬁg)&%‘gﬁ“ cal GOBREFYAN <8 ﬁtmm?of&sﬁiﬁgfzggﬂ%ﬁe%@gaat&mder n.
Fi gus es Z28pst2fad AdndgBgshow a second patterned substrate 720 having a

plurality of second continuous regions 722 alternating between a plurality
of second di sddfit 28ubows retgp grien Yi2dv oha anfliileger oicke soten smssredomdnt 740

bstrate., Each o he .second reqgi o 22 h a 15 corre ndi.ng 50 m
BRI g 1y PR e e R R e e A e
expl oded rpeveneld BRE oSBRANGDIT 8@ BRst 7221 RAWnAIcotRhbiA bgiynof RESbA MEUS

lines formng a hexagonal nesh structure. FIG 28b shows an expl oded view
of one seaeprsEngidstibeavirpaishe Bt eentinpdusyggiongng th secand digcaptindousgegionnuous

l'in (shown as.,gel ecti v eaks . n h hexagon)..form ng. di i us
hox L2 ona i 73 PheBfdintCa FRE U Bl o, JEERIIBHILT R REPTAL RS

10j t m Thisdohgaksis wegien desh@nedioan3 e sépreehed the dverlappedenahelfitstShidn | n
order to reduce their visibiliégh it found that, preferably, the breaks
shoul d becrylsdipepanyQysi ligiogpr dVijlcetharcanpy @ Phyphiyf thesesoveglag regiges: fen 1

and 5jtm - St i % to 99% open
rea Eachyy rAUEROR GHELHE oy drRalPD oo At Bl o

Proj ect ed Capdiitel ingcgFatoid lvirSeite @apedSen sauke Bheteln taphbearice riatasaretheaesc ofthe
patterned substrates made above we 0 pr.oduce t wo- | aye rojected
caphti ti VEPIEH SEREbr T aHs ff‘éﬂr%n%leggﬁgg]rlbeI(%gﬁ&llﬁs%Fﬁ}nPMz %d&{r’r st
and secongipak{ eADgS K’&%l%%‘tlfe%idé@,rﬁoﬁ%&[ %sgm%é@% Al g Ad eavm 30
Cl ear Lam nating Adhesive 8141 from 3M Conpany, St. Paul, MNto yield a

mul ti | aydFaicdnilst rSeoticanductar,hSodthe Roriiold, eMavas. usBhe t BIQI8RRAEDe vake thono
patterned subs%%gﬁes W t.h th? reg and .second,conduycti ve

[ f.the first.
brace regtbIEOHORIGNE 708 BUTSHY adhaSPyRlad dus segsion of Seasor” bar whie

2009/ 15484RPGHAISINNY/ 830250 1T A oMmdifigupdte theC AITSHIUACTH alakWasic | ptdpfatd to a
0. 7mm thick float glass using Cptlcalu¥ Cl ear Lam nating Adhesive 8141 such

t hat0 t he Me¢asgemenige e efhdictsyptem wolyded setbngvauprbsk ofragledrateon vdugs, exts

9,25 | BTSN el RS Lo SSEROAL VA R 80 RS o
pat t er nedrhe system could drive 16 different bars and the AD7142 can measure 12 different bars.
The configuration of the AD7142 included selection of the number of channels to convert,
how accurately or quickly to take measurements, if an offset in capacitance should be
25 applied, and the connections for the analog to digital converter. The measurement from
the AD7142 was a 16 bit value representing the capacitance of the cross point between
conductive bars in the matrix of the transparent sensor element.
After the AD7142 completed its measurements it signaled the microcontroller, via
an interrupt, to tell it to collect the data. The microcontroller then collected the data over
30 the SPI port. After the data was received, the microcontroller incremented the

MM74HC154WM to the next drive line and cleared the interrupt in the AD7142 signaling

it to take the next set of data. While the sampling from above was constantly running, the
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S5substrates 700 and 720. FIG 29 shows a top plan view of a

mul til ayer touch screen sensor elenent 740 where the first and second

pat t er nedwoubeXrsatie have been | am nated. Regi on 730 repP€Fant@d/ 083280 overl ap

of the first and second continuous regions. Region 732 represented the

overlap of the first continuous region and the second di sconti nuous region.

10 Region 734 represented the overlap of the second conti nuous region and

the firstmigrosentielics oy elsesgidng medlaty tagi OmMPrEE Wikyperityvida sqisl Byafacap

bet ween t ' | i reqi ' t e

ol ural ¢yt o g b AR RGRRAa B0 i BRL Bro Bl Wire Mthurfid BB R,

regi on oftheachtoha&addrethn raie plact foimi the tATR7 A2 gunklesee hber thatvabireatwede changirigh s

used to ke mutual capacitapce, neasurenents of the 15 transparent sensor
SBILE0 [Rr g

denent werEVEIE PEEBFIIBP [WMCer OBRCHMTRERRBBEYY FonefiwA il idyrentaol Y gioEys tep7 142
(Anad 09 LeWIEEiepdRINOO 1 MARRAGNNHE 6 sH) va AOTWHEARELE SN RALECHILE o
Sem conductor, South Portland, Maine). The Plc 18F87J10 was the
m cr ocontacghineralifcpbasch@nglhys catbration, thertispddyl redionhveasgehdertd whitof Abevesthat bar s
whi ch MWA4HC 1.54WM drives. .Jt als onfigqured the AD7142 to ke .t he
appr opr | a0t et HEretblapdh e ARk IHEEE el feldgRedeet T Rifver o
cal i br at isent #ghd#nowdS inSh&K WAL bNa i BGtcHhder (0RAR ACOA AR biRbMALMEHCICAN
vary fromtouch screen to touch screen. The systemcould drive 16 different
bars and Ok APKOER Xabyteratdate (1prebicnts dhegapdsiive. mysercsnis).gundagdropgcof t he
AD?, 142 i nel uEbeg el ection of the nunber of channels to convert, how

cturn (0x0D), ; . .
accurately or quickly to take neasurenents, if an offset in capacitance
shoul d be 25 applied, and the connections for the analog to digital
converter. The neasurenent fromthe AD7142 was a 16 bit val ue representing
the capadResaheef TestingerIhoS¥S®I nt bet ween conductive bars in the matrix of
the transpar enlthest?%g%reﬁd %ﬁ%}l clement waﬁa‘&%rﬁrecgeg Qo Y 1t GRARE &8 debfe
nmeasurenents it signale e mcrocontroller, via an interrupt, to tell
to col | ecWhthe fadaeatouthevas madconthe glldsersutfher tiotdrepitedmbheordahderod ére 30
the SPI port. After the data was received, the mcrocontroller increnented
thelf/_wm@i%l&mf Fgich e ik o eTIo s i i RHBY A %quaqup 46plehe AD?
142 si gnadhhfig {v&hﬁeototg’%&l)_tiﬂ%@%es‘ﬁl\%ﬁdi 158Eéh oMl Mohift. SWHBL hig finpem
above was constantly Tunning, the 2009/ 154812PCT/ US2009/ 035250
m cr oconttpathee wewamadd smulemdusly to He gdass autfeccathcaopyputr nwinithr rendéredthevi a a
serial interface. This serial interface.allowed a sinple conmputer program
2o are ktbafions of EShS R e ok agnE the o SaSiErREoP A0 o R g ¢ ne
AD7142 anglsr@fal@NwHie t¥ 8§ iniicotRGRakng 16641686 Bf thet Mbitbrantthapthr@uch.
The conputer programrendered different color across the 5 display,.
dep&hdi ndinsr tteuchos weee gradehemuBansiopsly gioude shsnsurfrec.1 epsammuagruBionder bel ow

a certai I [ [ e di- [ .render ed
i te. - agsErHE e IERERARSr WP AR Rbunti R o S Bl PSR
was r endehe tbrar d@rcolokagiat (hite ke gket in alsy s s paelisd Weatfonk BEtHeansmtorof a 4
byt e header (OxAAAAAAAA), one byte channel (0x00 - OxOF), 24 bytes of data
(represents the capacitive neasurenents), and carriage 10return (0x0D).
Results of Testing of the System g, JRgtransparent sensor el enent was
connected to the touch sensor drive of‘ev ce. Wien a finger touch was made to
t he2gl ass surface, the conputer nonitor rendered the IS position of touch
that was occurring withint e.touclh sen ing region.in th? formof a .col or
change (white Q¥ ot PRSI A GHRHIAGCS QETIsGhPHFIE 8N s SR vihen
two fingesyl@ehauner @ JBBESs Sidihd @&%&%&%nﬁ@ﬁ@%)?ée@%ﬁteﬁ%ﬁ 28Branbd6r
conputer nonitor rendered the positions of touches 'that weré occurring

wi t hi n t doutodchmsenshoug 5r ey oententa bentéror rafps sofcaljaentc bemigetofsatriay ebet o

reen) in,the corresponding |ocatjons,of .the noni.tor. en, three 20 finger
Do MRS ERRER D0 B leghRes of e B ok Binotd RAuh e otk n s
rengi@r ed she tROpioctRRs@fbel MHBNBSHLHBFIGER @an@ERGrg.i ng Wi thin the touch

sensing region in the formof a color change (white to green) in the
corr espondi ng Thedeaceowsreghadety fmingdﬁqta@‘%wWIQYM@l@&ed grooveOh@ure widadi ment

of mcror dcated. e t es conprises parallel conductors with a w dth of
Sbout - o GBS & B S u@ﬁ%p&érﬁ@ﬁﬂwqwﬁ@- S5piced AR ERAT B o
di stance of about 2 mmto about 5 nmcenter to center. G oups of adjacent

conductors may be electrically interconnected to formelectrodes of 1 mmto
10 mmtotal width, for exanple, -52-



30using the process described with respect to FIG 8 and FIG 9. The
traces were made by form ng rectangular m croreplicated grooves 10pm w de
(X di mensworz0ewisiiG 5), 20, um deep (Z di nmension in Fl GPCERUS26p9A82260 4mm
apart on a WD 2009/ 154812PCT/ US2009/ 035250 transparent substrate of PET
usi ng net hods described herein and by reference. The parallel array of
grooves was 100mm wi de. Grooves were printed in the PET web direction so

their |eﬁ&tnﬁpamt subsrafepfdtil wing Wéthﬂébdesesb@i heseigragy by cpfeones Thae fill ed
with a S ma&&ew glgd E?&%Ctdrxgvés%rﬂ%étl&ﬁ{‘&%'@ﬂ* §& (C1T). A

thin Iay snoot over the grooves en excess was renoved
with a dahﬁeoﬁorbdmﬁielrllemg&lwamheﬁalgﬂmﬁthamebp(ﬁmnket&s) eeni ng. The seed ink

was then cured. using The s bst h ink-filled grooves was
then el ectr ol d€QOKFSHEY fj\kliegl‘f’l@t?psﬁéﬁi 1IH< efi%ﬁég BHEIREEEt or s were

eachs appr'ﬁ@éhﬂ@&?'@é’ O16), Y Wger Jﬂﬁk 'v&fég sﬁlbl)tlhb@ Qver tft@/%ﬂr%H{Iésr{Hen Ass was

el ectrol ess plating process s perforned by croconductors with
subst r at esmeiv¢chwigh a(doetsr klk0¢ uma piiodess sixilanro slléewe@pf@ Eﬂie Senchimemves Hieso nade

i th th t | te that
;J ?llengr eseecﬁlg cess[ggg]rg eﬁgbﬁagc‘f’ﬁf&élﬁ( %%e rpﬂgeég%%&w ﬂ?gpogf%sﬁ&a??(ﬁan ? hose
di scl osedyiiT g pdt. SI%‘i’@ﬁlﬁn%rmfé%c%&ﬁo‘ﬁo@%r@éa%ﬁ%ﬁ%r%%ﬁ&él W&R%ﬁ&e qhe
illustration and not limtation, and the presen |nven ionis limted only

by t he cliak fllinghd{V cotihgwnd eMﬂ@@@QfﬁﬁMﬁR@ﬂ'ﬁM%ﬁ@ﬁh&ﬁ&@BﬁMat |s cl ai ned
1. A touch screen

sor, conprisin 5a visible ht tr ar ent
bl  at QMICROCOR Ao TGP TR GHANES T ATl pON PSP P58 an or i n
the visihlge alsgrﬂgadg %‘ﬂ%%@g&s%ﬁ@s%h%@&e the m cropattem having: a

conductor trace w 0.5 in units of mcronmeters; and an open
area fraction between about [95 - X]% and 99.5% 10wherein 0 < X < 4.5. 2.
The touch screen sensor of claiml1 the mcropattern having an open arca

fracti on between about [98.5- (2.5X 3.5)1%and [99.5 - (X 3.5)] % wherein

0 < X <3.5. One skilled in the art will appreciate that the present invention can be practiced
15 with embodiments other than those disclosed. The disclosed embodiments are presented
for purposes of illustration and not limitation, and the present invention is limited only by

the claims that follow.

-53-



| S3. The touch screen sensor of claim1 having a haze value of |ess than 10%
and greater than 75% transm ssion. 4. The touch screen sensor of claiml

havi ng a wazeowskgie of | ess than 5% greater than 85% t r OTMSS@0O25R0 5.
The touch screen sensor of claim1l, wherein the conductor trace width is

| ess than about 6 mcroneters and having a pitch of |ess than about 300

m croneter. 6. The touch screen sensor of claim11, wherein the conductor
trace is selected from 25the group consisting of gold, silver, palladium

pl ati num ' opper, nickel, tin, alloys thereof, indiumtin oxide,
and conbﬂgg%ﬁgh%/t(%géof. 7. The touch screen sensor of claim1l1, wherein

t he conductor trace has a thickness of |ess than about 500 nanoneters. 30
8. A touch screen sensor, conprising: a visible Iight transparent
substrat el and® OUCh SCIgEN gqnsety PORBIINE conduct i ve i cropat t em di sposed on or
in the visibl Q‘\Ligiggthg{hm, Alubithst rate, the mcropattem conprising a
first region mcropattern wwthin a touch sensing area; wherein the
first regi on mncebpaicakbyn ¢andhicides mebahtidre disprsed @l ext mi gbd | wisiblendight i ve
features having a w dth between abqut.0.5 and 5 m croneters; wherein
the firstTSRATEH SHPH gF?@ﬁVﬁ?“@@iPﬁV@'light transparent and having

bet ween about 95% anenctoaLReNJA Fabo@ X + 0.5 in uM3RF@Aibrohfkers;RAdf i 1 st
region mcropattemof the sensor having 1 mllinmeter by 1 mllineter square
regi ons, none of t & apguarce frashpobgwiseryebaat A dedant ¥usS%or act i on t hat
differs by gre [ th ut 75% fromthe average for all of the square
regi@ns. 9. fﬁ%$?8ggﬂﬂ§§?§en sensor of claim@8, wherein the electrically
conductive mcropattemincludes electrically isolated conductor deposits.
10. The touch screen sensor of claim@8, wherein the first region )

ni cr opat tm hahedopsh sareapnwasordlamah i Migrepatiern Bpving ait opRny Aes flaefidet ween

5 and 10Q, 8DMm,R8LuSBY 3 E2.5X = 3.5)1% and [99.5 - (X + 3.5)]% wherein 0 < X < 3.5.

15 3. The touch screen sensor of claim 1 having a haze value of less than 10% and

greater than 75% transmission.

4. The touch screen sensor of claim 1 having a haze value of less than 5% greater
than 85% transmission.

20
5. The touch screen sensor of claim 1, wherein the conductor trace width is less than

about 6 micrometers and having a pitch of less than about 300 micrometer.

6. The touch screen sensor of claim 1, wherein the conductor trace is selected from
25 the group consisting of gold, silver, palladium, platinum, aluminum, copper, nickel, tin,

alloys thereof, indium tin oxide, and combinations thereof.

7. The touch screen sensor of claim 1, wherein the conductor trace has a thickness of
less than about 500 nanometers.

30

-54-



11. A touch screen sensor, conprising: a visible light transparent
substrate; and an electrically conductive mcropattern di sposed
on or in the visible light transparent substrate, the mcropattem
conprising a first region mcropattemw thin a touch sensing area;
wherein the first region mcropattemincludes netallic |inear
electrically conductive features have a w dth between about 0.5 and 5
m croneters; I L-tst. region mcropattemis visible

| i ght tr2%'15parpétr?ﬁc%%%gs\'?%ﬁg’mgjeﬂtp&é%% about 95% and 99. 5% open ar ea;
and wheragiisible dightt thrmsparerd tsubstngiepandni cr opattern of the sensor
having 5 m|lineter .by,. 5 mlljnmeter square,.regipns, none, of .t. .
square regi onsanh%lk‘?%tmééﬁghﬁ%%{dveaflgﬁmf:%eﬂiddﬂmg at’aP fuértge bVSlgll%eg%}gr
t han 50%tfanepardnt suibst@teadice fnddropdtierrDtorhitirgOu dir® regigh GMisropatteka .withhive a
touch screen sensor of claim1ll, wherein the electrically conductive
mi cr opat t!8¥RYSERIIREHE el ectrical |y isol ated conductor deposits. 13. A
touch screen SARRGE . theORRE! R nRcrbpsttedh Cinbi@R nidtANS PREAP! electrically
substrate; and an el eCth’I cal 'y  conductive m cropattem di sposéed
on or i n qohéuolive fdatueed Hayhng atwidtishraweantabouildsy angk miareractaiscr opat t em
conprising a fjrst regi m.cropatiemw thin. nsi rnea.
wherein the fiv?hse it etg?qgﬁan{e %ogpg}l'%re?an%fnn%ﬁ M gjze 21 ﬁﬁgrg Si%\a}ltsaen{]rgggehg%\?\ﬁt h
wi dt h betbspesenabeuttdsYHandid. 520 operCaredTRh@r S ; wherein the first
region mcropattemis visible [ight transp nt and havi ng t ween
90% and 99. 9%"Bj5EHn é‘i’fe'\a{’f: Rigregtion mIC\RSPRS‘F‘%‘F‘nOaf;'g‘F SeRer fipyieg qr @g‘ﬁ@ﬁter by
m cropat teh,N1iMekk Bhars Maldns "SR ofde 3quBrd kdgithk 8layS dURER WA QN EactRaNE
of the square regi ons have a shadowed area fraction that differs by
great er tthatrdifigseby 8wy thapabewdS¥vieera e dveregafar abof thesquaje saséons.
regions. 14. The touch screen sensor of claim 13, wherein none of
the regi ons have a shadowed area fraction that differs by greater

t han about 50%hkr anch herasesager folr claink &)f whhein el cbsiricallp. cobidective
touch screen sensor cording.to claiml13, wherein the electrically
conduct i VEISTPENHR TS PSS SeEAGERIGEr HFBR5ES Wi th wi dth bet ween
about 1 and 5 mcroneters. 16. A touch screen sensor, conprising: a
visible light transparent substrate; and an electrically
conduct i Vi@- mi cihegerchescree sepws of clitmds Whereit theyfirst 1sigion| migkapattern has a

L ranspar Gl SUBSLERNLe b ') AEPARLSH Br@REPS itd I dhud hShubied! On

m cropattern wthin a touch sensing area; ereth the first
region mcropattern includes a netallic linear electrically
conductiVﬁ fee}&yre have a wi dth between about 1 and 10 mi croneters;

. OuCh SCreen sensor, Comprising:
a visible light transparent substrate; and

an electrically conductive micropattern disposed on or in the visible light

™

transparent substrate, the micropattern comprising a first region micropattern within a
touch sensing area;

wherein the first region micropattern includes metallic linear electrically
conductive features have a width between about 0.5 and 5 micrometers;

wherein the first region micropattern is visible light transparent and having
between about 95% and 99.5% open area; and

wherein for the first region micropattern of the sensor having 5 millimeter by
5 millimeter square regions, none of the square regions have a shadowed area fraction

that differs by greater than 50% from the average for all of the square regions.
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wherein first region mcropattemis visible light transparent and
havi ng bet ween about 90% and 99. 5% open area; and wherein the
first region mcropattemincluding selective breaks in conductive
traces within an otherw se continuous and uni form nesh. 17. The
touch screen sensor of claim 16, wherein the first region mcropattem
can be subdivided into 5 mllinmeter by 5 mllineter square regions
and wher eipn nang Rhick NRredfUdhsor 68icRhs NaY & hdresD aRO Wt RERA ddndsdtiven
that differs by greater than about 75% fromthe average for all of

t he squareicropgitesn éncludegeleqthiealbyogelpted epnstuptos 8eposifs. of cl ai m 16, wherein
none of the square regions have a shadowed area fraction that differs
by greater than about 50% fromthe average for all of the square

regi ons. 13. A touch screen sensor, comprising:

a visible light transparent substrate; and

an electrically conductive micropattern disposed on or in the visible light
transparent substrate, the micropattern comprising a first region micropattern within a
touch sensing area;

wherein the first region micropattern includes conductive traces with width

between about .5 and 10 micrometers;

Ty

wherein the first region micropattern is visible light transparent and having
between 90% and 99.9% open area; and

wherein for the first region micropattern having 5 millimeter by 5 millimeter
square regions, none of the square regions have a shadowed area fraction that differs by

greater than about 75% from the average for all of the square regions.

14.  The touch screen sensor of claim 13, wherein none of the regions have a
shadowed area fraction that differs by greater than about 50% from the average for all of

the regions.

15. The touch screen sensor according to claim 13, wherein the electrically
(j conductive micropattem includes conductive iraces with width between about 1 and 5

micrometers.

16. A touch screen sensor, comprising:

a visible light transparent substrate; and

an electrically conductive micropattern disposed on or in the visible light
transparent substrate, the micropattern comprising a first region micropattern within a
touch sensing area;

wherein the first region micropattern includes a metallic linear electrically

conductive features have a width between about 1 and 10 micrometers;
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wherein first region micropattern is visible light transparent and having between
about 0% and 99.5% open area; and
wherein the first region micropattern including selective breaks in conductive

traces within an otherwise continuous and uniform mesh.

17.  The touch screen sensor of claim 16, wherein the first region micropattern can be
subdivided into 5 millimeter by 5 millimeter square regions and wherein none of the
square regions have a shadowed area fraction that differs by greater than about 75% from

the average for all of the square regions.
18.  The touch screen sensor of claim 16, wherein none of the square regions have a

shadowed area fraction that differs by greater than about 50% from the average for all of

the square regions.
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