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SYSTEMS AND METHODS FOR FABRI CATI NG DI SPLACEMENT

SCALES PRIORITY This application clains priority to
wQpioBas758 at es Provi si onal Application No. 60/BdHUSD08/067311

filed on June 19, 2007, the disclosure of which is

i ncorporated herein by reference. TECHN CAL FI ELD The

present disclosure is related to a scale

de¥ el kMt N RIMIDTRERRIHR FARRIC A IEGeIH{ﬁP&ﬁ%MENT SCALES

plurality of total internal reflection (TIR) optical

prisnms as scale features for neasuring displacenent.

BACKGROUND Opti cal encodefRIORI&Yused to neasure the

di spl acenent. of . a suhstrate or other_artijcle of
i nt @s?ﬂ’gFW‘ﬁpééﬂlW PHATY P ‘i@éﬁe gﬁ?é%sﬁpvasweﬁk{a%@wamn No.

60)9&@ BH0 SR Fihund 1§ SR8, 1 'dfslalds§re%tf Laghed 1ﬁ&aﬁd}§ted herein by

substrate or other article i nt erest,

refpigotwsensi ng el enent. The scal e nodul ates | | ght
directed fromthe |ight source by reflecting,
transm tting, and/or blocking some of the light. The

phot osensi ng el enent ME@ESICAOPEL DO sense the
nmodul ated |ight and generates an output signal

cor més pmﬁ@ntrdgsctqsutme rqlesedifoaz sadld fogAeternning| daspdapsmenipfhe scale
engoSrm%tra%I% a%t gf tf)pail ?nrteet%%]l rteﬁec%o‘ilgﬁ"fﬁ)nﬁal\e@qh@%®%%m éclzarllg fetapu?es for

0SENs
me@iurtdgem@ﬂz&ﬁﬁfeht,dl scl osure invol ve nmethods and systens
for form ng a displacenent scale conprising TIR prisns

on a substrate. In accordance with one enbodi nent, a
system for formng the g (ﬂ-&g{]ﬁ@ scal e i ncludes one
or nore rollers having totg Internal reflection (TIR)
pr [ Q]ﬂtlﬁﬁa’md(ISCBS amm useatmaessuncehd éifpladentdmit va mixst’ramem mher
nf i rotate the roll S hat the s
artg lfl@re% T%f cofipacaliedcadst nsiidin isht Cuteser a6 i is

attfed 8F e si[lgk%afe(ﬂrlﬁﬁe? aPRYe 64 iRRrdsh GhHIShBRERIY JIGRLHS %e scale
in negative relief. In this configuration, rotation of

quh@t%diglledlse@erd)malnml@gm Isqurtobyrscfichng |t131p$ra1¢1mt@ ra,nd/or blocking

sca t.he tern features on.the substr,ate.
s A Tt T S SR pPRan S8 SR LR Bpcifed tieht
and BéncSHESIT AftfutSink PERredpshdimt @BtthOmolilatel @igh| DEpRcement of the
fornms the displacenent scale conprising the TIR prism

artfeéeefiiptstest wdetermiicd by analyping e euiptsigaakbofdthe phetesenpey
exanple, the material may conprise a curable nmaterial,
a W curable resin, a castable polynmer, a thermally
curabl e material, or ot h@UMMARY

Embodiments of the present disclosure involve methods and systems for forming a
displacement scale comprising TIR prisms on a substrate. In accordance with one
embodiment, a system for forming the displacement scale includes one or more rollers
having total internal reflection (TIR) prism features in negative relief. A drive mechanism
is configured to rotate the rollers so that the scale comprising TIR features is formed on
the substrate surface. The rollers may also include pattern features in negative relief. In
this configuration, rotation of the rollers simultancously forms the displacement scale and
the pattern features on the substrate.

In some embodiments, a dispenser dispenses material on the substrate surface and

rotation of the rollers forms the displacement scale comprising the TIR prism features in
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curable or castable material. In these enbodi nents,

the system may include a curing station, such as a
wWh2ws/18158% ce or UV |ight source configured to RUF/ESI0N067311

TIR prismfeatures of the scale. In sone enbodi nents,

the system may conprise one or nore additional rollers

i ncl udi ng web pattern features in negative relief. An
thegaefpiislovghe whsgéte weidheeniFoReranRle-d8e pisterighmay comprise a curable
ma?ﬁﬁg'ltl %Iura%?é Ile Sa g’a%%a%@olgﬂ&t ?Eﬁbr&gﬁi Uﬁtﬁﬁle%ﬁ 1]C1acfr er

trate eatures may be Forne

curabkr icangdel ﬁdayenwl t]m théwe ehﬁjbd’ﬁilemm tiof system mmimludbra coneg

configuratjon, in ad[g{] nto the dlslacerrent C
stafignepfTbes o 9RESREFY @3V Aebb AR TENRALO Suie o @‘alere%ra fpatures
offgatstes in negative relief. The rotation of the

rollers sinmultaneously fornms the TIR scale and the

firdnseet erobocbmtcnterthe it ney compriseosarshotadditiphal rollers

inchifRe v bR R R et e h A B i Hinism rotates

thel G@io? ifcré a&nuwau Roltchesd thhStattSAl feirRakd Rimed BRtUPSRte. The
According to various aspects, the substrate may

web pafperndeatares may |bb|f@rnmtslmgl¢mﬁ0a§y afltbdhqlfvémﬂom\eﬁatho pale.
t he Sgrpel.:g]on%%ﬁﬁg? ﬁ%gg Eloﬁ %o s% acen: rr?ltlts?rc%ll%lfeaturgg éhea Pllers also

glass ures ry be

haveEafitst estenpatedn Fatetain ndpsplcatikdre Mhe rétatioreaBhe eollers
| ongi t udi pal di splacenent, or both, The TIR features

simppipnepushydiermy e ddRessalgead thediratrighiobpattent faptugns oprthe gpbstrate.
Th%@a?%']{s%o}{ﬁﬁﬁrgéljEooﬁgglgaf??{rgﬁﬁ%recffﬁhe @gﬁmﬁf ﬁ&ﬁ?féa{ﬁ?gg}t&the

Invol ves a”ne ormng a s rising
sulp;tra&:nn fr@mmes wath the ﬁrﬂnsétroépetterfr ieatwabst r at eis

bro lnto contact or cl o eﬁr oximty EE oe%e

or P%f P’cgltPéfF‘%O‘F?aﬁ?P?Fés Ffbﬁ‘t ?E@M&Pm&’é@% trew P%)‘Ch asa
ol@rhie%@“vJe%%tr Lt'ﬁeeﬁlbbt?at@ 2tch1%r1§ee£ hgfd rthEﬁalr ﬁich%& 213§, €

fotated relative to the substrafe so that the

Thd iT$p featwnemiay be atiented trppriosida gneibiRemeintsrhlftemi displecéngent, to
fornmed gn,a rface of the,subs te. In so
mea Sl FgeTad O PR R b PRt S AR st iRy g copfigured to
meR§urs BBgul s r8Hafife B8 RnORLR JahiduSWES bhdhRtersThe rol lers
are rotated so that the TIR prisns are fornmed in the

mat énpicr enbedimcsiipyelvat emepoiof ferming e scadt cqanrisernTIR prism
feafgfr@% ‘ﬁ{e £ g‘uﬂlﬁX‘Be ﬁ@sgrageolg Bwu Egtn o cth cPort %gse Lpgég%%ﬁoxglth the

esale

oné BEMBRX L1 haeiag iteigl iatctil teﬂeahmrgmagi gntmo?mdlrepﬁt eghtive relief.
features with the first set of pattern features.
ThapRjtcreire spptsdirekatite torthe sbsats sp 3@th@ digplafement walercgmyprising

TIR ‘Bﬁkm%’eﬁﬁﬂeg W B Porl 250PrRe of the substrate.

In some configurations, the material used to form the TIR prisms is dispensed onto
the substrate. The rollers are rotated so that the TIR prisms are formed in the material on
the substrate.

A first layer of pattern features maybe formed concurrently with the formation of
the scale. The scale may subsequently be used in the next processing step to align
additional pattern features with the first set of pattern features.

Another embodiment of the disclosure is directed to a tool configured to form a

displacement scale on a substrate. The tool includes a roller having total internal
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di spl acenent scale on a substrate. The tool includes a
roller having total internalreflection (TIR) prism

WO 2@B057%88 arranged to form a di spl acenent scal BCEES2008/067311
pattern features in negative relief. The roller is
configured to sinultaneously formthe displacenent
scale and pattern features on a substrate when the

reflegtipef TIRG prigm deadures arrengsel 4 forava ¢ispjaeenymbsqaly ang netter features
i bERPORTE TR ml S S BIGR (Em0Eerbds SRLRAE Mymlgermey st

andpateve foptureqdreamribtabte orheofthd fodeipis estetet] id cath@sucese proximity

.Advant ages and attai nnents, together with a nore
withdhptistalGnder st andi ng of the disclosure, will becone

appghe QBO\%%%@:P«)S? I%g ’Lr]ll%gaﬁ%eﬁ’ﬁ’diéc@&%% 1599t fnlenldBE td @It HGh

detai | ed descri clains taken I n conjunction
emppdimenher aegompaeyengfiar dthayssenDESORBET! AN vakagddEnd
DRAWN(%SF' ure Aillustrates the use_.qf t.otal .
StRPE AP BB £ B9 BT BT RO HRET sl Gy pill become
apREERRAG B@ﬁe&i’hﬁeﬂ b FERAinFRD e Pllowhey diaret @%é&ﬂ%ﬁm’f bAAEIBImS
g

IB illustrates scale elements conprising r t regul ar
takgn ey enshpn guthadbe aesoppenyide draptiags. i nt ernal refl ection

for indicating web position in accordance wth

enbodi nents of the disclosure; Figure 2A illustrates a

system for indi CGRICRIPPEONEDS THEODRAFEMNGS ng i n

refl ective node in accordance with embodi nents of the

di sEleEe A illystigies shermeiof faialtiptgined redlegian mindsating web position
1 ndj ' L1 i.ng in transm ssive node
m %dr%gga%g%ér\gglﬁggﬁem&ﬁehgrﬁgghﬁ érégér%?%ﬁ%f t he di scl osure;

Fi gligar@ Biilldsusates atads clamsyts icempfiging cight meglilar pragsnsedonfigured to

moyvenent operafing in reflective node in accordange
PrOGHORNBUT TRt o FPHad R e pestion lg@pgoréwce with

embbdithfsHrese dsQyskem for controlling web novenent
operating in transm ssive node in accordance with

enbbdiunedh sllotratche sgstemlfosmdmatibg wab pesi@éh epedattig in reflective

illustrate scagle features ranged |longitudinally on a
ma i o RLB6T R SRR T EHE ABHOSTSH (he di sl osur o

Fi guigire? 8B aingtratds lsstsh rad iR dR e Lwhie b dii @SR AtARAR Gansmissive

| aterally on a web I n accordance with enbodi nents of

modpén ageordapsuweth crbgdineents of the digelpswe:es | ongi t udi nal
o BB SRR CAAERIR SRR v

mode in accordance with embodiments of the disclosure;

Figure 2D illustrates a system for controlling web movement operating in
transmissive mode in accordance with embodiments of the disclosure;

Figures 2E and 2F illustrate scale features arranged longitudinally on a web in
accordance with embodiments of the disclosure;

Figure 2G and 2H illustrate scale features arranged laterally on a web in
accordance with embodiments of the disclosure;

Figure 21 illustrates longitudinal and lateral scale features in a checkerboard pattern
in accordance with embodiments of the disclosure;

Figure 3A is graph of light intensity at the surface of a photodetector, the light

intensity modulated by scale features in accordance with embodiments of the disclosure;
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Figure 3A is graph of light intensity at the surface

of a photodetector, the light intensity nodul ated by
W@ mBesTsemt ures in accordance w th enbodi ment sSPC¥/US1968/067311

di scl osure; Figure 3B illustrates graphs of |ight

intensity at the surface of dual photosensors, the

light intensity nodul ated by scale features and a

scah Uiy B elystpies gerrhe pi bghd 1tppnity sit Hhlsurfpemef dual photosensors,
the S HRY EEnctle PR Tl Bh P S PagRlng 1ORUHE 1lhpldle sipusoidal
lightAnicasiticd Wolva phagrdfferchdcusitabatt 90§ iaa@ood@ss withrembodiments of

i pdi cati ng substrate position using a TIR scale in
theefﬂ%cé‘?s&éf‘hce wi th enbodi nents of the disclosure; Figure

4B pinde FA QW ﬁb%gﬁ@gﬁﬂllihﬁ’s%taﬁa%h BebcRsd Bt Hl‘ag:aﬁﬁ% substrate position

determ ning coarse and fine b position 1 n accor dange
using e TIBbddimewpsianée whik coibsdineatsrod thd disclesBA i s a

di : 1, d. 1 Si b i

o Syl oSy Dy iftemp FRRLASH PRURISSTIR R apanend fine
weBEpoEiHSn@H SbRBHESWItIT bBYbEinRBtsi oF tike dlk@gduagn of a portion

of a roll good conprising a web having an integral

scaFusndAas s diagean ele yedl goed womprsing esvabdpabigtinigetsh scale
featt I}gs Wea%cérga@ C%vol{hdgnrll % ir\{lmeltltlg 0?&1%%95'0%%%6? of the ,

di'sel'ostt e; F gure IS a dragram’of’a scal e which

has FhgensB epadiateeh éff Dportomeda toll @od@oaphis@g\w wdb having an
~ enbodi ments of the disclosure; Fi %ure 6 shows a side
integrakcale agd glsp hpyng rttern fentyies denpsiteronmibr ebdp gewgdange with

emBEGRt M FHed {ﬁ?élosﬂf?@t may be used to forma TIR scale
a

on a substrate In daccordance with enbodi nents of the
di s€ligusaIf€;is Fdgpraen of d dchiesthial bss ees pgtagated fromfoweh img
cal e. ri.si rismfeatures on a substrate

a o} ng T
acciOﬁ(fage%m éﬁ%r@@dmw% %tjrfgﬁﬁwﬁl@ﬂtrg; of the disclosure:

Fig F[%%ré% khdwist siad SRw Y66 61 roBIRNEHAKEMIR RafuPsTh MGgative
a scale conprising TIR prismfeatures and a first

relicayhat mef bpatedetorfofmeafliiR esalonn a ssbstister iataecardarse eothoamizeliments
f\ﬁ‘{: th frrbodi ments of the disclosure; Figure 9
of {he | e{PUes a system for producing a two-sided web

subsiduad 2 illRahteh BV 346 Forf BAMMERS OB cOMPASnG Q“IR%H%@H&&MGS on
of the web in accordance wi th enmbodi nents of the

a sghstigteos weeordgricg ivith enabadimerys phthe distloseie; and second

Pt B 8611 0 RS ok 4B e
prisppesineg asdii fiest S/cobdf faern features on a substrate in accordance with
embodiments of the disclosure;

Figure 9 illustrates a system for producing a two-sided web substrate that includes
features on opposing surfaces of the web in accordance with embodiments of the
disclosure;

Figure 10 illustrates first and second patterned rollers that may be used for
producing a two-sided web substrate that includes features on opposing surfaces of the
web in accordance with embodiments of the disclosure;

Figure 11 shows a system wherein the TIR scale formed in a previous

manufacturing step is used to control the position of the substrate during a subsequent

manufacturing step in accordance with embodiments of the disclosure; and



10

15

20

25

30

web in accordance with enbodi nents of the disclosure;
Figure 11 shows a system wherein the TIR scale forned

WO p008/1§71588/i ous manuf acturing step is used to CRCIE/D83008/067311
the position of the substrate during a subsequent
manuf acturing step in accordance with enbodi nents of
the disclosure; andFigure 12 illustrate scale features

ar r Ky 12 Bhigirete dw%fqaw%ﬁrﬁrfﬂnge% longiedingly op qiepuglaer ef a web
an® & SQ3Hd ﬁgtttétﬁ bR I;}I?é;br?,tgp gldg%‘i}lﬁle%gf nﬁafcc&cfa ‘vag’itﬂ &nb%tlnleréts of the

accor ce wt odi nments o osure
distloeurdi scl osure i s anenable to vari ous nodifications

and_alte tive forns, eci fi.cs thereof have been
Sholphi Evﬁagvclaﬁurs k%%?l’é‘%réﬁo VRO HOF Hel108A andhpifqrgiye forms,
spé%ﬁﬁ% th BESF Habe gé‘énaéhlownlbg Wa%r (;fféxgﬁ knd @Hcs'&r%&gl s RRYGNEbe

hat the intention is t t he |sclosureto
destChbecpmrctqtalhl lars tefarbaxddfrmtnt)d» lm)w&en, Hadthe@ntentien isont todmyif the
t| on

disgSrs s Bt ealid otibodfls Gaefial I B2 p iR, e intignds ©

co@r all Ao i &&ibAS lég@w@l%nﬁl eéﬂdfb@t@nﬁﬁvémllﬁhgﬁﬁﬂﬁﬁ @heoécaibd@f the
DETAI LED DESCRI PTION There is a need for enhanced

disphesirods defrbddysthe appended ¢lagiscat i ng di spl acement of a
substrate. The present disclosure fulfills these and
ot her needs, and offers other advantages over the

prior art. In the fOETaN PQ DESCRIPAIOBN of the
illustrated enbodi ments, reference is nade to the

accoRpany? ReFiea g HgscdmrbRds aidnyatcparfer indicaidne dlamcqnwnt ofa
lﬂﬁfg&h T'h% f'&gm%l%os\(@eyﬁiﬁflls Jh&és&ha %{Hei) Reed¥ ae[ﬂd%ffser% other

ocli Memt S i N I'sclosure nay be practiced.
advdntagss deerblee prideurtst ood t hat t he enbodl ments may be

uti e nd struct ural rrade t hout
depinﬁ %@1 ‘?Wlaﬁwdﬁ??élpge%ﬁéﬁ‘saﬂ?sﬁétega SORIM R &7 i ts made to

the’%!%’@&ﬁbeﬁﬁr‘i}{gsd&%ﬂgg SHREERHEA Iﬁhs{fek&ﬁ U ih 'th&’éht i§ 3h&viRby way of
scal e for determ ning displacenent of a substrate or

illustrhteon, aptidws| emhmﬁlmmtemeshlch &woﬂlmmmdmaﬁhdp@ymeénﬂt sdw be

un B S0P R Dfhe KD e A6 bE i R P AL ety By bOmade

withet@ddpariak fﬂinsﬂie@@@p%ﬂth@ﬁ&smmsb@sﬁ@pl oyed to
deterni ne web position and/or to control novenent of

t he Embedinginés alethe prmsentdissioaneylleitragy 4 soaleafor d@trslgmmmg
asp P R bR RR Rkt SRLRGET BRI e

makfhglse dising tneeaﬁw eTheacalousypanaseiogirsvidt ah hﬁilmbn or web
anbi ent environnent _surroundi ng the web. For exanple

tragsdatignalapdérgotafiopad dispheement aﬁé IR, berplaxed te dgigymisg web

position and/or to control movement of the flexible web. Additionally or alternatively to
indicating translational displacement and/or rotational displacement of the web, the scale
may also be used to measure various parameters of the web or ambient environment
surrounding the web. For example, as discussed in more detail below, the scale may be
used to measure temperature and/or modulus of elasticity of the web, and/or may be used
to measure web strain. The substrate may be made of a transparent, rigid material, such as
glass, or may comprise a transparent, flexible, stretchable material, such as a flexible,

polymeric web.
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used to nmeasure tenperature and/or nodul us of

elasticity of the web, and/or may be used to neasure
wWowRwss51588 n. The substrate may be made of a  PCT/US2008/067311

transparent, rigid material, such as glass, or may

conprise a transparent, flexible, stretchable

material, such as a flexible, polyneric web.The scale

i ncilhe éf‘sal%lmp‘ judesat phugalisy obpnticahtcalscfgptarcs sanfigused as total internal

t l:

fef%% R7didSs PR il AU PO AR WA BBl BB of ighe,
0, an]glpelsmffactd 9 Igteat@ihanm’r e@zﬂrtb arrifiecd engle Ggr Batiecidtdtangles greater

e to a ch i cal e qc. For incident angles
thaﬁ%:va?t”e‘i‘lcqrﬂ]é‘ﬁ “Sé?ﬂe“ oming light is reflected.

Fi g fird fA%H&%a %ﬁ&@d&pr&%@fﬂ@fe&&ré@' Rsfgpal éﬁ'b@t%atél 1@5 Qtﬁi

a substrate 105 and 1l l'ustrates the principle of total
illustrates thel primeiplleef towh M@’naltreﬂ@:tlus @d itiismusedgo ndandamcoiith various

kA O e e e s
Suﬂ%&gierl% Myind B itdfraB &l ot MBIngSTIRG cdle Rerab €14, S &le, 0,

. If theangle, Ql, of the I'ight 111 directed
of theighti] t Ihdirertod tewaldehe SHR seades featues I55¢s eeeetsr thanon cgyal to the

CI‘IF ga;ll ?%%1%: He{n t%r Ihfght 1‘3‘ lreff‘ec%d at gncgd% bgaesr}nalﬁe%e(li mgltq 1fg}&res]ﬁ]

gr as

Tl RTg€ zme séa&@fdaﬁﬁ’és rﬁayb@&)rﬁl@d ieghyi shapdyr é‘dﬂﬁ@&raﬁbn that provides
configuration that provides reflection via TIR 1In

reflestien wigddBi e perge emhedimeptssthg TdR seale ey espy é@@?ﬁmesréght
re%u;]ag ghs%g Qag hﬁﬁsua{edﬁgﬁt% @818/ :[ﬂlﬁﬁéf &ﬁ@cgilﬁl?ntfﬁ% iﬁ%@f 0, Bf the

e ang
lightnacidenttlight mhidentromi e hdift fane i l‘ikoif tht TIR acae fchiirof 14 fsepreater than

TIR scal e feature 16|s terthan C he |i ght

Oc il ¢ {ightdp fapal W&i%lfl fﬁﬂ?fé? %Hglﬂtd’f%sﬂb £ 51%{ WBP-%%?@M angle

0; gf A &h l%t Whﬁrﬂ fhcrécl' l@eﬂk 13ROHs@ghin- totﬁﬂy iﬂ?&nﬁl’l}gﬁtﬂe@%& #lngle 0,,
face 11 [1g Is againtotally internall

and efitsgbe¢ pldsnatl lémlgjs@nqmy aardllém the indidengdighim RdfBction via TIR

coRbPRat refeebiaseaY AU h s OF bt ct (ROLIR yolg facurs

withBet det@tdrationahslendy eueut {ﬂ'ﬁhfnﬁe@eﬁh@cd dubRccklthtsedtyBically used for
features wthout deterioration that may occur wth

reflestieg $galeed surfaces that are typl caI ly used for
r ef {F E%Ttéésvﬁ S%ﬂ ArS (c]ilalgo : ngrssggtpins G gd t% 1 ?i ﬁ”‘ﬁls% acement of a

configure aceme

Su‘tﬁ;ttb&tlfsﬁigei TIR smgleails’fioEédS@aﬂhe sdmtms ek itlnsttel ﬁsltfbgﬁré@m.and 2B,
As illustrated in Figures 2A and 2B, the s

st ens
thej systemg nchudc aight senree 61 Othat direts light g1 gowqré the spibytrate 205
r
R S P PR G R P K o irosensor
22@hot osensor 220. The system of Figure 2A illustrates

Systl"ﬁgn s3fls(t)erm OP gig%?et ig %lusskcjrgtsets g;‘stteem gor 1gclilcat1ng su{)strate displacement
operating in reflective mode. In reflective mode, the light source 210, which may be a
multi-source array, and one or more photosensors 220 are positioned near the same surface
206 of the substrate 205. The light source 210 directs light 211 toward a surface 206 of
the substrate 205. A portion of the light 212 is reflected by the TIR scale features 215
toward the photosensor 220. The photosensor 220 senses the reflected light and generates

an analog output signal that may be used to indicate substrate displacement. In this
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operating in reflective node. In reflective node, the

i ght source 210, which nay be a nulti-source array,
W@asosmssOr nore phot osensors 220 are positi onedI/H8N8/067311

the same surface 206 of the substrate 205. The |ight

source 210 directs light 2 11 toward a surface 206 of

the substrate 205. A portion of the light 212 is
empadimeat, he WhsirHe 2G7 may eameymeabetrawporest. tlgwapgurpéons where

r
thIPHERERGE T R tberd S IIAOPHERE Ron ), AEPGERaliificcd thique the
sulishate 208y Iheil Likegpptaiataiiiheaf eresubstata?@ ditspsmeenght TIR scale

I n thjsenbodi ment, the. substrat or. na ot be
feawr%g Y, pe DeyiesHongithety geﬁ?é&& ohibesyhides0. open both
surfstel b@SPAr ent, a portion of the light 221 may be

transmtted through the substrate 205. It will be
appFeniraZBdlustrates afsystére feuibdicaanewppositsort thaneypeatent,

the TIR I t 15 Lt it
e C DR, P BREHa L TUY soB55: TR o fRors 220 are
positib i AR pPBSite HPhecsFI08UL®E ZBhé et 205 aTRS li?ht%}éﬁﬂc.@ml@ @frects

i ndi cati ng web position that operates in transmn ssive

lightolld . towardiahsusfago 294 glithamicb 205t Repdriigihef the ligkie? 1219 saitgcted by
hot 0sensors, 220 ar si ticone 0Si surfaces
B B o e B BT PR 2 EBEREL Sy P garen

webi208to the bhotoaaba220. STHd oo seflor 020 bdisesnab trafdmittdd light 221
(gortion of the light 212 is reflected by the scale
anG g@RERssaenalog gt eignplor t i on of the |ight 221 passes

thr ie ullég & Al LD %E 9&@2361‘6@?&@ 955 {'nﬁvéﬂﬁ r&‘a{?&{)ﬁﬂﬁé ﬁ;(%(}]}t)ositions

220. e phot osens senses e transmitte
of th2 lighhgbugeritiOaind shaphcassehag 2001 theitiglsti igeasity dtnhdaogisre esrface

A_.and,k 2B, as e substrate 20 ves in relation to .
22% AEhe PRRIES Hbdﬁg%ﬁaﬁ%ebx t%a fﬁlﬁg ¢ E3tway ﬁw&}&hﬁ gitensity at
thePRAYOSEARE D22 8Pihe lBtokdBBE 22 oR BRI &y ¥teRE of PRUBGIIA nd 2B is

surface 222 of the photosensor 220°1s nodulated by the

illuptrited baltle figunintermssty grdpd 3 li0gHtFigune 8As iThy relativdwmotien ditbe

surf 222 of the.photosensor 220 f.0r..th ste f
sul{Tgis DS BT e BT ST AR SUEFCRP 21 g ppigscnsor 220'to be
moidﬁIa@dalSsiiﬂdéoﬁlﬁHﬁhTﬁelgnd%seE&cﬁ‘QQG d3fdcts Tielige laad byeerdted 4 on

of the substrate 205 causes the light intensity at the

corserppadiee 2pEsus EndopRBPUSBEY fhap mackshbBEodan e the active
ol 89l dald phoralfoPDSY CRRNSAIoAZ0ASH G Sl iyl

<
nerates a correspondi n anal og ou%put

ph&tbgmadr 220ahayt beawdss té H&einigdtishRtangit by thatsubdieatards. ve

surface 222 of the photosensor 220. The anal og out put

si gMafoRReTBPRAIBANT NG H8las RN leaakeepowtaddyy the Phafeernsey may
be S8 T ThARLAGEOFRE s st FRUBRINAL AhE0% o FIRSOAR feat

ee%ogl rren? s the ana ogsoust put s?gna 1jﬂ?}gener atoec}qu t heea Hres

disptsatl @aentSaxiblesyoripeted e dubstconisrpatticwarynsatul édr rodo-roll

supstrate. For. ex | e, &he YRe of TIR scalfe f eat |res
manufacturing applications. Figures 2C and ZD 1illustrate systems for controlling web
movement when the components used to indicate web position are arranged to operate in
reflective (Figure 2C) and transmissive (Figure 2D) modes. The elongated web 235 may
be unwound from a roll or may come from prior manufacturing process. The components
used to indicate web position in Figures 2C and 2D are similar to those illustrated in
Figures 2A and 2B, respectively, except the systems of Figures 2C — 2D each additionally

include a scanning reticle 240 and have dual photosensors 250, 255. The web 235 is in
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di sposed on a flexible, elongated web substrate is
particularly useful for roll-to-roll manufacturing
W@pEBMN5788 ons. Figures 2C and 2D il |l ustrate syRETENS20085067311
controlling web novenent when the conponents used to
i ndicate web position are arranged to operate in
reflective (Figure 2C) and transm ssive (Figure 2D
moggy selativire thg BrrgarasHions B thedighhspusee ﬂﬁmﬁﬁﬁﬁ@lﬂg refiela240, and
ph5t8§éns&rsz Y»sGONE fromprior manufacturing process. The
conponents ‘'used to indicate web position in Figures 2C
and TAbsa@aneingirotidlal4@ & foboiwacd 4 khust distheet from Fhaurele33 24 that the

tlvel e systens of Figures 2C
retic %“53% 52 haay 8@8%4}% q)%ﬁ@o %@%teifw% hegt oD 9485
thr @Y&lc@é@éio Htk%ﬁ&h%‘?ﬂé %Tﬁlezn'égcle 328 bethaEn Ylf‘el?mﬁgéwé §41 block a
tion rel ati to the fixed positions of
poﬁmumédkﬂﬁ9¢ scanning reticle 240, and photosensors

ehorhé BRaesseS P30t hehiiulehh §isa of fisBOtee' AR wtpors 250.
25 %ﬁw@@r%ﬁld@%én@%@uﬁﬁﬁ Tsigﬁ{ﬂls OfAs iR idisgNdeselibRC mgl(l)the web 235

toward the 235 to pass through the reticle )
is lR@@Crtmngelztme ofthe héhtrS@tlTC@ |2é0 zu@a i @mé%mon}ﬁé) thiendBussalp 4gatures

ion.of th The
2 lg gqg,lsg g}]esl eg%lt Ent%r}sn?s ngessgl}] tat 15 teOS%IbSO? ggée '90 usgldaﬁ% tnodulated

Thd 5&nn2Gretdle nag e ruaéEtol fﬁﬂE@Qﬂ&ﬁthe chat] Rt pﬁels@ﬂl at the pﬁétosensors
&rev ously described, when the web 235 is in notion
250,154t iTheoueh thaveseiof g scaping eetisle? n the dighhintcastnaighe

ph(lgtgg hnsdid @50, IﬁSSc%ﬁJefpo{nﬁ?L ﬁw% %ﬁmﬁl@ff&glzsglgﬁt éfaggelgnals 320, 330

ensity pr esent ‘a sensor
phasie shikied dal 90y aﬂﬂhilsﬂratdadl Fighue 33 abnipogsigredls chakinpaie bedulated

sed to further ate th ht S at the
hg@‘ﬁ&&@&%&%@f&%ﬁ‘@t %tstbe s g@e? Oifhﬁdﬁ@ws Iﬁ@rsﬁ%@ 2% %fﬁé’r%‘g’ﬁﬁ‘iill?lﬁ e
ph&t@&én%r@ 236‘%55%8%1&1&&@%% ?Sﬁﬁéﬂ ty at the photosensors
0, 255 corresponds to the two symetrical sinusoida

SI g dae suQEOslgI%ngmmfei Ishtihf tpladtom}ls@@ 248, 135 ars tnadyzed hiyrthe web

re 3B. t put s t racki dulat d,light
posidbh@ersorttbBRbeRn A e e Wi Pt e BbEn dis €
posBéh pI%%éSS@Ir B0nh S daaehily tHehRs R LAS BRE@H0H of 2idtiod DP tHeGNeb 235
i ndicate web position. The output signals generated

relgtine tp i Riwdasspioss 2H0 25258 ity a@pm]aﬁy;glaggd soa@tfeatures and
assgglé{eag)%gtlﬁ% ?I?(@C}J.Zlﬁ% lcé&B?%egusaiftgﬁ{) %{c’ Fe?n ttfl]ee WBQ ?bgﬂl&{]mj%ﬁ or both

essor

of tha\erahe tweb iind dotvi evdbaliicttions rﬁdi};dbdjd'id‘t@ﬁtmﬁﬂ 'ﬂﬁs ﬁiﬁ(ﬁﬂn(blﬂloﬁﬁs used

the web 235 relative to the photosensors 250,
by fhay webapg e endiodley 2 ) wentral ar\wgla gF‘@WééﬂI?@@Qﬁ%ﬁt moves the

ssoci ated position indicating conponents of the
system the web position in one or both of the cross
we b Irasmhadanbodimbntdj mektilpledtght seyrcdseand &t exultiple ghotdkdnsors may be
ormation is.us

usedn or sensing translatlona? and/or angular displacement of the web and/or for
determining web parameters. Systems using multiple sensor combinations provide signal
redundancy, providing a more robust system. In some embodiments, energy is modulated
by more than one scale feature, for example about 3 to 20 features. The output signal from
a sensor may average or otherwise combine the energy modulated by the multiple features.

If a single feature, or even several features, are damaged or obscured by dirt, the averaged

output signal is minimally impacted.



10

15

20

25

30

by the web notion controller 270 to control a web
transport system 230 that noves the web. In sone
weniwsdsisemt s, nmultiple |ight sources and/ or nuP@T/psm08/067311
phot osensors may be used for sensing transl ational
and/ or angul ar di spl acenent of the web and/or for
determ ni ng web par aneters. stenms using nmultiple
sendbe s phiERS RS INShEs laeitydigally aragedn g3, laterally arranged
f R
oo R L EHShp A cnl o A oFHRR (RS o
illustratee xaRiguees 2ot 2F, tmor%(bnﬂ&mmemsa sctbésaid foatiresi2gOahay be

froma senso verage or otherw se i ne e
arr%%@? abidipal dlspfreen FRfesTS et LR 20¢ "'%ﬁpnhé@q Hngboth
squfe?c%& 90@ 209'of ﬁl\é%%e raketlo?® Htrs%ﬁrce‘%hg s%ﬂp&ﬁgpcﬁfents as

obscur ed by dirt, the averag out put si gnal
illusirateden Ft)gurasr@@cﬂlédaﬁhenﬁgmtcbtof@mcu t@@nn@y mcnhlllambby the

| ongi tudi n d feature ter ar r.ange
toniidp S Farthe S AATRIER dsmapleliinty Bhh St G GORRE
dishrt&haltloy t@&@dﬁﬂ@aﬂdﬁﬁtrﬁﬁy% usbé td inleévb‘éﬁref Sth&Gwtpdrh @RS In one
E and 2F, in one enbodi nent, a set of scale features

embpgdimeny Sb@mam Bigyed 260md| 26h gi seef; seale f@ht@rsﬁ a¢@meyibe arranged for

lat%%‘cﬁgég astu%) ezrg ég tl?eottoé %6’7 a 0%0 osroogltrb(ljothc' yurf &&Y 06, 207

of SRREDI2060 rmm eﬂhght s@rck lahdisdrisait @ﬂnpdﬂellﬁis gw@ﬁlﬁgﬁ-ea% detect the
are confi |q%ur ed to detect the energy nodul ated by

t he
eNgrEY; g}osiular d1y t8e lateak ssaledpaures gad f@rﬁfnﬁr@teg%ﬁ@#%%t indicate lateral
I t he
aisP 0T o I A T el $ R o0, REFRR el
par Ehehmiesfealumesaﬂestmmbdlﬂmes 215 abhvare hned%mgatrgamr dGsm@pdvhich
2H, a set of scale features 240 may he rranged for

may e & prigm HE ARtENtan R bR Y PEHRIHISJANEIAG %ﬂa toapput a few
rnnlS}%M %&Qﬁleﬁf dl%[éngi@ﬁf‘fo? Wif %&)@ Sf Bl6m ik Qddeof prhidhe ?Mﬁpof about 40

205. A set of l|ight source and sensor conponen s are
uncanf 4 @smaecd: heowcmltlmsmStdf@b@rtélOgynrmdul ated by the
hat

| i pate Sl LR B RN Bl ke SETRE Gl ARG ToE) e

sOHEEEbnk S dPRASHHtRNOLIMEYs fve bhBRakid B RInSituding and3t6ral web
features illustrated in Figures 2E-2H are |inear

displaremenilearcpras snsulandisrdaccmet. ndigerca ptussiricp p ok vaiiiboth
101% tﬁ&%@l%oéglh‘i‘ﬁgﬁl E{d sgc 2 feﬁﬂlge' %95?996\9{% e fo?apsyfg?e %ﬁ“@f “the web

nmensi ons

203 nTha@gRudiidlami pit¢rahscafe fakotes 240, mmydbeadlsﬂcsecam &pposite
bet ween Brlsms of about 20 mm he use of

. bot h
sides e dgP 7AP oBAw theaﬂtameaﬂdeéééhleevvﬁlé alf thclongiflinad spaiateple
feaR LY SR @6‘% Ird &9&1‘6‘35‘& 5 &b 23R R Fofth th

“ ong‘ljtu i na : Q%Hater al” e Y@ acenent ag V\ﬁﬂCO ©
chewkgnbband mittsmnl aakhm&tated 1EiFgmlr<e2]2 Thei Ibhgigtdired ersd katanﬂtfeatures may

W th 8
be connected as illustrated in Figure 21, or may comprise an alternating pattern of discrete,
disconnected prisms. In some embodiments, the checkerboard pattern may include
regions of multiple longitudinal features alternating with regions of multiple lateral
features.
Determination of continuous web position using an integral TIR scale disposed on

the web may be employed to control movement of the web during deposition of pattern

features in one or a number of successive manufacturing steps. For example, the TIR
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| ongi tudi nal 230 and | ateral 240 scale features
di sposed on the top surface 207 of the web 205. The

wo 200g/157388 nal and | ateral scale features 230, PADUSY8/067311
be di sposed on opposite sides of the web 205 or on the
same side of the web. If the longitudinal and | atera
features 230, 240 are disposed on the sane side of the

scajpgespnbed inrcagnastign Pothiie HabedimeRrt b dierdisgeniepiavidsd herein may

A T A S A e R TS

aligmméem pemap nivdtéplatyatstdipaatinfeatp@t depasited odbtbamedoeformed on a
isconnected prisng. In sone enmpodi nents, .the . . :

wef KUER R Y L e Prﬁeﬁtsagg he é‘gﬁi‘oﬁi@%‘?edﬁﬂf?m i Rarticularly

usd NG} Bféghflﬁé‘tluré‘ (ﬁfﬁéﬁ‘tﬁ@, Iﬁ‘ﬁlﬁ%@%le@&of% b 0{5}@(91'1 883 c&fthat require

multiple lateral features. termnation of continuou

muigile demisiticorstaps tnfprawsuceessye hlyerfloRpsitah deatirspos e dlepible web.

t b I d,t trol ent of th }
Tl 7R Ao BB AR B P o e ST g Pip i wE Raving a
betABRE 0Pfes$ thah @B&ItVIO0 HRAUEACthME it SO 8RS8, Ie&AharLRIPL £ mm, or

the Tl Rscal e descri bed in connection with the

cvamisssdhereshost dimmper gikasenlos Thespalbbéndaddine plows fakyicasion of the
0. 1. hdi cate conti nuous web position. The

quﬁgﬂ%%%?g% %¥%Meb position facilitates alignnment

bet weldhionwily, itid £préacaesdeséritpat Heedin nfagale wikedbtodripstiticatly

or otherwi se forned on a web during a roll-to-rol
COMBSREPUFRACSHR Stchstraimthe copunenlyasey ihwab RECeISHY s

J cular fyl r t ' . :
spIRphbR 3K oot i com@onfBMAE, HeGell Ll ¥} RoBrpanicg on the
webhslibstaitallgd epasirichibyn with efdsydr of fxeb patera dessicy,auttayseths fiodt layer
ttern features on_a flexible b. The TIR scale kB .

of ?vgapatfeég R T mirlRgs ystenican ORIISGHE P devices. As
theR@hI¥ TEItEs WrPthE 8% M ttBrnireRdres 3 dpoQfed! BRDaltERATARRY hnd the

100 mm less than about 50 mm | ess than about 25 mm
scabe feetnees dxpesenchére absuwmddnhog wlbstrax.ahphs. comhgursnen, lthe scale

end radius allows fabrication.of the IlR scal as, a
fes i B ST Y Btk B e RS it fearures,
redART1&s Bf FRYanRRINUSEFcH Grab irDimbdfeh pro&RsmRe Mha el Rlatures may be
changes in web strain that commonly occur in web

usqsrte ceasitaly tessithelatord mesitimarloesitdplabpositions gpgor angular rotation
i f Si . t.
e i R
prqeadstern features, such as the first |ayer of web
pattern features used to formmulti-Ilayer electraqnic

or OPrERI Ry IS AR {icethc web ip Hectshed Bones Hieuwrals fepfyes are
str«%t@l?ed‘@&h ltlﬁ{erbo%%}olﬂﬁ VA HERORL LR Folnl&l cﬁﬁﬁlg Wel. This

eatures and the scal e features experience t sane
phamwmendn eflowmethe stalaifqaturtntotlivi ised mhoguicatriatehy; tridkahs paditgon of

o R RS R b R L S AR Bus
embodiments herein, accurate alignment with the concurrently or subsequently deposited
web pattern features can be achieved even when the web is stretched. Additional details
regarding the use of scale features to indicate the position of a flexible web, aspects of
which may be used in connection with embodiments of the present disclosure, are

provided in commonly owned U.S. Patent Application identified by Attorney Docket No.

10



10

15

20

25

30

regardl ess of the anmount of web strain in subsequent
processes. The scale features nay be used to

w@ewensmses y track the |ateral position, |ongit®Rci/nsd008/067311
position, and/or angular rotation of the first |ayer
web pattern features, regardless of the ampunt of web
strain in subsequent processes. As web strain is

62834 PR3 efiled icorcuricntdy weth thepispens pplisgtion rayl inaeepasyad Berein by

ref&%ﬁé dres are stretched along with the corresponding

pattern features formed on the web. This

phenddiiaallabt dwsndtivelyso pievidiegfarrtbsindabien ofeghstavional

e accur tely track the position of features
dlsggﬁﬁg?&t@a Shangrdariegtioney thy % ethe Ssile Mg U ded fp measurc

Valfi’&fé ARG S s Wf%ht% vye%r dr%ﬂ?olﬁméﬁ\qkd@ﬁ%% sURS Rl tﬁ@ %B AF6r example,
nment with the concurrently or subsequent
as dheqwsevd ipdnave ble‘pdtble@w\n thieesralermesy locawsel ¢o mhsuee/@mpewéme modulus

tretched. Addit | detail
of PSR DE R BudbEREE G font ur oo to i ndi cate the

posiFidyed4 Afis afiblverideha 1M@§@natlg§ RBEIcSssabr IMAicahnFBUbsREte position

used 1n connection with enbodinents of the present
usigg g dilBsetle in gacerdonesywvile ambadistsntsontithe dmlewr@ Bghpgtdangeted 401

o B8 s E R T T S o PRF Flomnmls.

implemleht@abm ahe scaldchtifg rnmro@hqﬁlshersam dﬂdlgcﬁtcepmﬁﬁarranged
Additionally or alternatively to providing for_ the
longgudinglly emthsrvaby s lengivdinallyrepngeddmwispms agmeambigured for light
mo%ﬂﬁgbﬁl thalt %naﬁé &Qasﬁfedttg %e‘é@@[ﬁrne%l@@loﬁﬁ@*cﬁneﬂ@’s\gﬁ@g@ﬁeﬁe In another
used to neasure various paraneters-of the or
hnmﬂbkﬁmnomnheﬂﬂhﬂ%ﬂh&smmnnmmqnmgaﬁhﬁsmBijﬁnmaexmgﬂle
ussed i.n nore detail bel

lon%ita 'inﬁ HsbgHeT s BFEN an%?éi%}?@@ off ﬁ%ﬁ)&&ﬂ'}%ﬁvneflawral

pr1§rﬁ§ afe/%enﬁgnféé & myERaRUipdt for dgﬂe%{nﬁn&fbf 1%n§1tddl&wand lateral
diagramifTlustrating a process for indicating

dlsslab@neratOé theogélt andrmaysilng bausedRo dctatrelnr: theaangotad aoteteon of the
hM th enbodi nents of the disclosure. Light is directed
WC801 toward a substrate having a TIR scal e di sposed

t hemaemiR FQitureX 8Nk §ealé ho@iate JDRtBOBEHtidceRd tdWre d SicdduBstrate.
features may conprise a series of discrete prisns

The moghlgead Lighh i smsmdrﬂé)ﬁ by agrhotasenspe bnd aiheutpwirrgitalithehigidjoptes

RS S S BT T T B st o

motilé d¢rasefeRrtdorh df ROV deranibeph@RBRld aThe Gutptlhsi‘grm ﬁda@ prov1de
features. may conprise a first set of prisns_ arran

contggis dicadpn 9f (48 drngiydinak digplpcegieng ksl rdﬂsall?gé@ent and/or the
an ﬁ&r%ﬁ'tlb%{ rihe dongi tudinal and lateral prisns are
onfi gure to nodul ate light for determnation of
I on@stpm@mmslly dinchisbat iercahnadttisp Malheﬁrgn’e 38f thehéznabsusedhth track

al so be used t.o deternmine t %ular rot.ati.on of
W¢E. HP@SIUOH rnay COl’IlpI‘lSG SIne and cosine 51gna S 1ne and cosime 51gnals

advantageously allow determination of a coarse and fine web position. Figure 4B is a
flow diagram illustrating a method for determining coarse and fine web position in
accordance with embodiments of the disclosure. Light is directed 410 toward a substrate
having TIR features disposed thereon. The TIR features modulate 420 the light directed
toward the substrate. The modulated light is sensed 430 by a photosensor and first and

second output signals phase shifted by 90°are generated 440. A web position correction is
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web. The TIR features of the scale nodul ate 402 the
light directed toward the substrate. The nodul at ed
WO 2@B1157588 sensed 403 by a photosensor and an oREPUS2008/067311
signal that indicates substrate displacenment is
generated 404 based on the sensed light. By this
proach, one nore degrees of freedom of the web can

aprﬂ@drf’éﬁs Uhe dretangentafithaiphase ghifipd eatpuisygvids celoplaicd #gnd is
us dn[g I GaL oM aQlcoklle aﬁc?ﬁﬁ’é {gl%k if8dr L g|bacenent, the

atera di splacene or the angul ar rotation of
t he AA@[D@Vld\El}pdleGMSmds th,e wde € flseitd, elongznadaweb baving tin integral

Fi ure.SP, t he si gnal ? used tﬁ a& osi tion nay
SCH&%&%&W%‘ aklyndvaHeecons fardiss g rie rolf penuiagurigg prodsescieror
exa%h;ﬂ@ ghs 1@6’%@1%@19 W&usé& rﬁgﬁsﬁﬁ{nﬁ{g%é‘ b IBr ﬁ&nﬁa&&ﬁﬁgs €

fine posi ti’on. I's a flow diagram
pr00b$susth|aateqmge aligrendno durﬁmg s@e¢sewmmunn@cwmg$®p&,rﬁdclﬁ hsi@ the

ti n accord odi ments of e.
forfgef 88 a2 el Bt O ARFeL eiters ST oM P e Gt e rucerel
scal@yd ingsth& E&éﬁh%?@ﬁoedlsé@ as@d nidharRane o NEkidik Rirt @it fdF RSy cost

nodul ate 420 the I'ight directed toward the substrate.

cletienian temarsd, signgle. dlestronisarac4doplvys mepiporaioghigoid cydals
(LébF?Z:r&%g%“ >f %hqn%llt?llijl% %&J desc' (gﬂﬁbg)o 'p 8’[% T %Jﬁ)lhcgttlons by 90ar e

|on rrec ed
45 OFiglihes Antisaags ratpoﬁfont dfea \@fﬂf@(ﬁ lﬁhhfgt a&ﬁn&lgfdl) MR scale 511
S|gnals is calculated 460 and is used to .track 470 the

whichapaebeidd £ ﬁ@lb%%thﬁ()@n The TtIRéC%leéll Ry RS of both TIR
feamréscylsfﬁga’rﬁge o8 ffor"’}oﬁélﬁfél}rﬁi Fdov&ﬁ! - %o@&oﬂﬁ% alﬂavf'lﬁqeatures
grafF sca

aninte I'S part y advantageous “f or
513 arramyel ¢ be nkdl fonhremilacrtossr-wa@) p:rsﬂmeageél;heFHR Imsamlle used for

the integral.scale my be used i ti.oni t he we
lonrg&Pdlﬁ%rﬁa)%ﬁl@ng. arganmpnged s that { é‘?e% ¢ PESTEp ? g‘hw@ﬁf‘n angle, ¢.g.,

sutg%hmy 5%&%&1&8@@@ Mx@ﬁh&hﬁhl@re@ﬁ&?éf the %‘3 538, e MR prisms
formation of layered el ectronic or optical devices.

S1¥efeddosiatdrdpongionmig e ahagich s@thabthcsised & thgprisms 516 is at an

andltoiF o GG TPl e RSkl et B R 7 olne

weB/sGeﬂéiﬁﬂl g®JdasbdRb00 RAPSE usel BRhANFadnGY REEREdsREith the scale
liquid crystals (LCDs) or oﬁganlc light emtting

51 jiopdets PLOHEDRtioor T BrmEsOrsiori Bt6d OIOSI gl petcmcatures on the
W@#S ystrates a portion of a web 505 having an integra
I'R"scale 5 11 which may be sold as a roll good 500.

The ATlcRasi¢élly easﬁllﬂ,sftfﬁmd ih gl 6 BoM eolbgodddon nldyRedngatsy tigsflexible
512 arranged to be used for |ongitudinal (down-we

weBadp Prvng A A nggfakrTIﬂ% Caler Ul cdong TSI e Goar %W%pfﬂge)éla features
2oL SHESal. L SO SRHSRIAL 08 0 o DA SR e
web patterh Heatence S2@for tHesT R scsleed 13 bad itlse \atb pattcan @Ia‘eu,reséZ@ may be
formed on the web 506 in separate manufacturing steps. The configuration of a web 506
having an integral TIR scale 511 along with a first layer of web pattern features 520 is
particularly helpful in compensating for transient or permanent dimensional changes in the
web 506 during successive layer depositions. For example, polymer webs may be prone
to tension which changes length of article shrinkage or expansion due to thermal

processing, and/or to absorption or desorption of water or other solvents, making layer-to-

layer alignment difficult. When the TIR scale features 512, 513 and the first layer of web
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substantially perpendicular, to the | ongitudinal
direction of the web 515. The TIR prisns 513 used for
WO 2008135158 0si ti oni ng are arranged so that the BXEES208/067311
the prisns 516 is at an angle, e.g., substantially
perpendicular, to the lateral direction of the web
517. The web/scale roll good product 500 may be used
patfqin fefraiLaT ReNpIEE RS Same alignimeat efcabreqgint depesipnsaising
n o t
thep Rl AT LEREE S PproliSt ARl Ftnp@Rhiide B Sudeb ot A hrain that
comoubt dcatrent web progussiag appliationd. | Ageollstid 1srmyremdpjr ¢. slee web

. theerX| I 06 havin tegra ale 5
18 Sé‘ie ‘1‘3 the f‘iares? CINGRfR 'f‘feo*?fekﬁgﬁd ag (i) Eﬁlt!l? the ’ESEIE’E‘;‘ pattem
feaﬁﬂ@s f&ﬁe@ Sﬁ‘ bR vg’ebl 1W'K@1Y tﬂ%epatt%rf@zgul%g 596‘ gnd‘@alest%@tures 5 12 513

concurrently with a first layer of web pattern
exfesimticr ths s&860 dinpnsionel c'hlaﬁgﬁcdaheg forinbtiama allow s wedscale features

518 3aTa o anirddy DR JEhosfeh ShRER ot ehtiey S spOicdpn the web
soeth RE BBONEcRE thahes50s mEy REeR & a'élhéslvealaquw dalor@

first layer of web pattern features 520 is
surifegetof ehel el 30%el pful in conpensating for transient or

Per TS b B e SRl FPANAN ekl SO ERe RGNy e

successivé i'ons of “exanpl e, pol ymer

sepaedisd frem tb@pdilﬁ@ﬂ ef the We7dnv ity teh partvam grturtse Nhiehcsit portion
article shrinkage or expansion due to thernal
530 pest é*fql?@or%ﬁm?(birm% bl ppspartoiollaosds ptioisatsportion 530

ma %gﬁﬁgﬁgq{;ﬂ? ffe?gllxt\()@é%\@g ﬁfg?ttfoq%/ek%%l]ohﬂl%%}( agscrlbe%TE,em. As

I CU SCa eat ures
pre&ib?as@rtﬂsduk@dfln ceinckyrewitbFigued pBf the sculd partiun 630 sdomthe web

pora1§33§5 Er?a&ﬁé%é%’ %aeﬁﬁ%w? h?ﬁ;’f Qﬁr a(%eﬁvgggf g»urgl?ttﬂﬂa&yw%@r

att@éﬁhfgms L&ICHIRENS S ’[ooa[‘dlfﬁ‘%fen@%ﬂ I8 cidmpieb strain that
conmmonl y occur I n web processing applications. As web

st r &caled ®rinpd e ﬂsslble(materlaltamWwvabulaléy ssafetwlmadhempare pttached to
the scal e gl enent re str wth the fir
o opakwBS GBS R Eriion i G PLEST Siin A8 MNerde ok < wiine o
othfef" SutiRAhte 8 the ldeBrbi RSn RG0Sk aF ﬁhefrﬁﬁtebtf)ﬁfsm'i &ZE) Defvden the
experi ence the sanme di nensional changes during

sulisgpteend dlte scglealﬂomvsammg i§e xeey rigdsealeils used; the walgaviflgxpand at

a dﬁ%&g%t% Lﬂﬁat%ttgé ¥u6s¥ 8 ste &4%@95 oIilﬂ%ﬁ@gltt gﬁwﬁuﬁt% t(%‘r%gcale

eposi n-sone e ment

ijgmée% derayr + mlemdﬁgtan [&tb ecily expanyelessthmn thid sObrate, it is
surface of the web 505. |In sone enbodj nents,

rel@twebs%sm%@amgepwt@fs scalgis ip frasiongindl Wibkalvays ioow peraigdt line.
HoweRa! ﬁttﬁ?saca[ Qtretth hgguﬁsﬁgte g 3@%693 v&hl"ll‘lﬂh ﬂgc&r@ﬁessmn,

patteérn eatu esc eportlon
ancba)ddlmml &G Tesrmny gd:mreﬁeﬂ thatiend eplarcatesthe sdale gooths scalbieends to

B M N TR T R MUNTE VR L
Flexible scales formed in accordance with various ernbodlrnents of the disclosure
have CTE’s about 5 times higher than the typically used steel scales, but have modulus of
clasticity about 300 times less that steel scales. The net force is about 60 times smaller.
Thus, a flexible scale described herein may be bonded to a substrate without significant

buckling, allowing the scale to more closely track the position of the substrate.
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previ ously discussed in connection with Figure 5B, the
scal e portion 530 and/or the web portion 507 may

W0 pBasssean adhesi ve 555. The adhesive 555 i s PCT/US2008/067311
particularly useful for attaching the scale portion
530 to a different web, for exanple. Scales forned on
flexible material are particularly useful when the
are Batttsakgrﬁef?aexme scaia sachsiprsilpgiceor PohEnc opade Beviag re@?/ﬂngular

B e L
largdr thahﬁsrcmls cﬁxmlysa'vaﬂa‘tﬂ@TlEbr daetpkeit i§ pessbihetmadescangdthat are
.1 he scal e. if avery rigid scale is used,
ml{f’ﬁgmgc"éﬂﬂbwﬁdihq O%bplnﬁbesz?f mOrgi fferent rate than the
?u bghe @&%od1§fén¥s%s§r%h%eféﬂ§ﬂl9@ﬁ76 @1&'1&%1%5&%%&11@@%% PR scale

scaie - CIEsubstrate)* deltal scale |engt
featthres mélt@ltﬂmmdisplamnt blaansublseats ubbeseatdss inny bs used to indicate

oL A, B0 S B PR
loﬂghﬁcﬁﬁ@l%@wﬁx%) dfic MR8l (CRA WDt hAd 65 tht Beg R &A]ishlacement

be in conpression, and addl tional forces are
of @néwmbatﬁehilmmﬂyx ardtemetinelgihe seatrefegbiadsendy beeemplhged in the
me?gurr%rgleﬁt eoﬁ ¢ %él% re':bolp %mgtglts (in Vgrlkoange)rmbof rﬁefn%sa :iggra%le’?ers Wwhich

deﬁnﬁ)ﬂnhluﬁeﬁsﬁ@iae shafngés"r@tdhd: WeBCsioh daredenitird, stald, @bd/or modulus of
enbodi ments of the disclosure have CTE's about 5 times
elaﬁmcgwemamsﬂlqaﬁge@ ying theisgalgdeaduigs-eel scal es, but have

t I I
O 5. AR PR AR AROpE Bl RSB 1T SRl ch
tenapefralt&nel A ehangalrewde sarpchearché D&Eicauseny Cbl@@éi@Oﬂdiﬁg dinmer®ional
al l.ow n

subs te withou ni fi cant bucklin th
changgo 5?@ EFE”? a@ﬁf %@@F afl SENSOF HIECUHHY F3T] HUSH 1 ﬂ@gsure the
dnﬁéiﬁﬁ)tnﬁpéh%ngé’ (syfl gk @hahbed teh@eﬁaﬁ\& Bf thS WD, 9@ rﬁaypnl)ea&trivgd from

or polyner-scale having rectangular array of pyram ds
thewh¢eashredldimmsiongl cleadout , it is possible to make

fle bIe S e much Iar r t han scal es c rren

et bl e SR mefite 3EP hRfEn ¢ RunYef defagmation
causB@by #1€c fHat QfctdRBhNEN) MirdkhspRf chlidensf SﬁlyQBngﬂﬁﬁﬁ}al strain,

The enbodi nents descri bed herein invol ve di spl acenent

as Bigaybhanmg angnifieHeagth|od Liig sireieleos! alenedts longifndlined £9 axis, the web
leng{hscﬁlaﬁg gL q{ronglazﬂ%{z%{ém,% tggesgg n%icl&#a%?ﬁ ﬂa)i"hg%ngeﬁesgam Ex

t’he st §

of ﬂl%eéﬁ—éltuﬂﬁlaﬂ? @Nét@lﬁédﬁ%ﬁ isRMPHdSset IbgCKi=Ng /of . tTRE strain along the x axis
| ongi tudi nal (down-web), the lateral (cross-web)

at gygicint@if theaneb may bbex@agead as tllrélcisifﬁérmtmrithecmﬁspﬂeteenmhn the x
Additionally, or alternati ver/y, the scale features may
dirpedioarn Py RRING Hontibic 3sits dr eREMOX of TheANRWALOTHRBAT strain takes into

BTSSR T B BB e

tenperature, strain, and/or nodulys q§u el asticity, may
angdarne abear sttaiusit Agy pdmt ccaveb,figat &r—’és P
y X

Scale features arranged in both the longitudinal (x) and lateral (y) directions can be
used, along with compatible energy source/sensor combinations, to measure longitudinal
and lateral deformations of the web. These deformations may be used to calculate linear

strain along the x and y axis as well as angular or shear strain.
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In one application, the scale features may be used to
nmeasure a change in web tenperature. A change in web
wa 200pes7astir e of dT causes a correspondi ng di mePGI/o8208/067311
change o dL . The scale features and sensor circuitry
can be used to neasure the dinensional change, st
The change in tenperature of the web, dT, my
der 1@RE NPHRIicHe Meaaserd ddoanatonsil iravcteman Q@useriﬁe calculate the
s e we
o R ool YRR EE AR AL el T, sing o
knéhe fovebandratasaragplcd straiars |delmnlbl@ alasviey thk emgiutusdif BRisticity of the
train, as the web having an initial length of L is
wegmpayherfleteranngdy i ts | ongi tudinal (x) axis, the web
| engh,b ¢R @E‘eﬂﬁ ?eagl)fesdrhay b% fRAed if bif Gt thk @ﬁ'&'ﬁgte ﬂ'y \ta?loﬁs techniques.
second length, L2. I near strain,
Fot@ﬂ@ﬁﬂ@d@ﬂﬂ%kw&mmKBMGhdﬁchpdmhdoemﬂms&&eﬁnbydenﬂxsmmm&neby

. strain al t he x axis an oi.nt. of
o DT ESS e UL Bl e Ry g teifahed By entBoksing
scrﬁﬂllﬁﬂaﬁﬁlﬁﬁggi 1n|t1'ﬂg bbsth¥ér dekfgidson at any point along the
axis, ex = dx . The angul ar or shear strain takes
i nt & m@fdaodl ifr fd@m@g ﬁéEIR@ﬁalaloawub@taﬁe mvelvephgiuseidf aedller that
and, t

incqthd)g‘si R scale fh a%%rﬁ: F {he ﬁipé%gn neg\%fege retﬁef df'?jorll%‘lxe‘rf1 nﬂlﬁ @1)% rSMer may

inchaR! a%af[t@ﬁlt 1ki rnegatﬂfe rréllikﬂ‘%@ thdschietfbattiles 111@&%& udFngafes (ZF)2G or
and | at er al éb@dlrectlons can be used, along wt

othepapHtauritions nBhgye lopitudinal and bitcralowplc Aeatish @re used, the roller may
I
be PERTHLEA 1o PR IThEar B8 1B B o4 PEERGRT B derlAlfscale
feahiraear strain along the x and y axis as well as
angul ar or shear strain.l appllcatlo sur ed
def dPfERlles makes %%éa%blSrPﬁBi Q¥ BEPHHILY éﬂl@dh%\ﬁ@Sfrﬁf@ and is

mtarfe@% RmQhe ?il@§éd1&fe5aaresth@9@dg{r% '}f\aﬂla&ﬁaﬂ?sleﬁ W ﬁﬁﬁdHR

=stress | strain. Thus, using known force and
fealmasmay hg deyabsited omihe sabstoesad Ibeldoa b6 the, rolldrdformithe T4R features
i cit f the d. The TIR

. el as ter

in 8 Fu SRR eBia oAl R Ry BB SR B muflf g s,

dep@[tbd)b@ tHe@61EH ofH @%on tRAKIEXATRINEihe tHEr 36 cBubfalidHodR complish
be deposited or otherw se forned on the substrate

forbyltlan ohthe featarcsul ke mat@@els@ay HNcluslenaesined @astabh:@qkﬂmre)r a
curaEfatqurue suclYas eU{f ort e %%?{ﬂr? 25 Thatial ot gxanng?%o d for

printing or ot hnlques

f or gtgn@mﬁilanslﬁaﬂuﬁlsoﬂhe @ol$dd dEdyr st RionANWYIn¢ Rlc phtert Seat@ts in
aroller that includes the TIR scale features of the
negabiyp eclich  Megattheolleemalys copget enighplddn chopepriogimigy withyhe

substrate and rotated, the pattern features are concurrently formed on the surface of the
substrate along with the scale features. In other implementations, first and second rollers
are used, the first roller comprising the scale features in negative relief and the second
roller having the negative relief pattern features. The scale features and the pattern
features may be concurrently or sequentially formed on the substrate using the first and
second rollers.

In yet a further implementation, a first roller is used to form the scale features and
a first set of pattern features on a surface of the substrate. A second roller is used to form

a second set of pattern features on the substrate, such as on an opposite surface of the
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include a pattern in negative relief of the scale

features illustrated in Figures 2F-2G or other
w@riBiisassat i ons. Where | ongi tudi nal and | at er aPCEHUS1088/067311

features are used, the roller nay be constructed to

provi de simnultaneous formation of the |ongitudinal and

| ateral scale features. The roller makes contact or is

sulisgpig- ilh this waplceRRion, the seplcHcaties ey denseddeipranipg web position
o B bR PR s R SR e en SRR Rk iyt o
ofplﬂtmsfda&xﬂewn the substrate and rotation of the rol I er

f or TIRfetures n the terial on the
sub t%“é‘i shoys 41 %me\weq Rﬂﬂl%@? HOHH%@QWV%T%%W% in
e P&le@'%&"@ﬁia& ﬁlg?l fp uEJ&letoerIlrﬁ e TTRRELIE BEY shlszﬁ%% N dt€that the
romthe rol o the substrate to acconplish
dlniemsrms DﬁﬁﬂlSOIfOUBIhHG feecatly cesggciitel meftt(HhiaEI illstyation off utteroher In

iS5 oS SPA BT FaRhB ARhEab L o

betHREE tHeBAtERE I AouPPS umt Ahdugh loter KRl @b iptan@ahdWbe used.
i ncl ude pattern features in negative relief. Wen the

r ol N@te ﬁhak%@ou@lnn@tcshoml, the rofksir §09 mazzladélélomlbxmmuﬂsf pattern

fea%r%s inne at%’\yebr% rfa e?arho o(f’ttl?e ﬂer i uIantf 0 £3LU1E8nd pattern
ired % e sur of Cth

feawwéﬁ@bave@lagmigsdﬂbb& htdeén. scal e feat ur es In ot her

i mpl_ement ati ons, first and second rollers are used,

t he Figurs{ ilfusiraiss a swviprp fon fagminge sselal’8] cemptiviag Tilg prism features
726068 Qtshlys@ra{eeidS Th%r%? tEIlﬂqn &880 oh & ’}_ll%rhabl% tﬂg?"h@ cale features in

negative rel i éf %ern eatures. The sc ures
negutigte réief Fat .t @heﬂroﬂleaﬂlﬂ Bzonfigurbe toclmnotatedwhdnyin@ontact or in close

se uentlall forped on the subs sing t firs
it 6 qUESRICHS: K Ratatipaiof theg 11951%@0 Oﬁ%}ﬁ &%ﬂ?&r}sah%eafares

72(5 bf&%sggébglfhelsﬁbé{%gﬂgp formthe scale features and a
first set of pattern features on a surface of the

sub$t stan@confﬁggmtlonﬂ arcotdbéy marials 2 s disporsail &ogex dispenser 740

on@iihe SRR HeTub SIS (BB ADRLIS S Frfthe 18R pilm features

in ﬂh@%a@é{ﬁmvﬂl | OPtioddll§, BieayQerh @y UhelsdOB ¥uldy Us@sh 750 that includes
determine web position to facilitate formation of the

an geQren sowes capffigpredite et e ingegcng. yushias uhtmyiobs light heat, or

othgjlf] gueriﬂ\% 621&;%]%/%1% CIE)I%g {h%rr‘rq%tgr?ﬁ% GR theg%%yt%ﬁe 90? hows a

fon o TIR
f eatTle @figtamin BEEl@tlte\&‘sHO@Jslaﬁhlt@til@tddﬂl&ilodifﬁéht € a @?ﬂ&ntf@r depositing
forma TIR scale on a substrate. Note that th

a TAR seHe 88 h gnf@fa Sﬂih$t§at? 803 elin this embpdimaan)s thsediged H% iwgludgs both
TI}i @gdlé Fetaﬁltr@shg 1I | dﬁﬁ%ﬁﬁ%@%atﬁlfes %kﬂf i ﬁggllgﬁ{}e reliBf. tfbét 1011I of the roller

exanpl e he TI R eat ure peaks

81 @hmmltaftﬂomvmpiomhﬁtydwﬁh thesebstohte ¥ wwmewrrétly fhbeag thed3R scale
fealggesﬁ} OUtnd tge gm[ern featurgsg& lootnht e sﬁ/t?slcrg‘?eSSOfSor /? and d may

In the embodiment shown in Figure 8, the TIR prisms 820 and the pattern features
821 are formed of the same material 841. A dispenser 840 dispenses the material 841 onto
the surface of the substrate 805. The roller rotates to form the TIR prism features in the
material 841. Optionally, the system may include a curing station 850 that includes an
energy source configured to emit a curing energy, such as ultraviolet light, heat, or other

energy which cures the material 841 on the substrate 805.
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Not e that although not shown, the roller 600 may
additionally include pattern features in negative

w0 2io@$7588per at i on of the roller concurrently PCFIS20081667311
scale and pattern features on the web as descri bed
herein. Figure 7 illustrates a systemfor formng a
scale 701 conprising TIR prismfeatures 720 on a

sub&t sapecopdpurafings, dhasmaterinlised eory TIB| scale fqamremm the
rof AR 8] SAEAER SAIRRTNY Sl St b gpaor
curdig stmcmlscmmz roexdmty to the substrate 705. Rotat | on

t he%he ' e‘[rfttfz.‘[ég%f or gggs?efglg% Pr | Sggq%lenagtautrw%gm ezdowgg
su‘t%%{e"}qgrtﬁa{t i Sdes Febte @B 6p 1{8%1%’ dubhccbdbt thSwel SRENSEH gle a scale
froma dispenser 740 onto the surface of the substr
and/ @ irst $¢teofpeitére feddtios may &t dermead dnor finst hrefate B theiveatn with a second

features in t terial 741 . tipnally, the s
set o ot ol R h'eh Bod e et OBENh: ot SEnEY S feThations,
the%'?@t%ﬂMn@lQHésCﬁstCéiiafsleQdeQﬁsﬁeﬁse@m 16,820W 1'1118 Pol&NRON @)/andsﬂf§tfhnd
as ultraviolet light, heat, or ot her curi ng energ

scaphil phiternedseol et 1§a924 ilalsoma insermces éhes,f@mtsdlsmnéer’mé mamee a first
r e S 0 A t
eth%/Si‘%e(?ﬁgP?é W, élg(lf;% stegonc{1 (ﬁspﬁn% scaln%y se%?ncp eaxtrsuu s 4 a?fb

8051n he 1ﬂﬁ§tﬁte@lﬁﬁﬁﬂ)ldﬁ‘ﬁéﬂt,, thé fiest hltdria 982.& dlmlsétﬁﬁﬁa heb Burface
TIR scale features 8 11 and pattern features 812 i

befiopgyeanips e cprtnct vRgh heifisH pgttcmpdrlisr Py aghthe |S?P0@6 :Hiaé%ftal 928
is (ﬁ%})o%&i)?lﬁ ﬁ_ﬁﬁslﬂg v?/ebv\%gfrﬂtcéu ‘gegfgﬁeg@g&ﬁ%?? g&ﬁa& ‘&Hgﬁﬁé SbhY

patfe&fmetd,moﬁsr ®21 lowtlich embudimteln&:t the80St. mzltﬁrlztlhsadle]xb;edi ionmlm first

n Figure 8, t ri.sns 820. and the
patreé%%o@ apsiiorhesdcpy te&@ gﬁiéspg%ﬁiiémﬁﬁ? Socouf Patkr difoller. In
thedd §rﬁ§&ﬁ§1ren§4@e $irstRENSEDnY RSt PRI 4k BanGddePRtRe (V'%S from the

surface of the substrate 805. The roller rotates to
pattagned tolersTI R prism features in the materi al 841 .

oL 8B 5T G55 B, RO BHRL B i

lay@r Ed4tinR 922 Bﬁtb%yﬁrsﬁsah@ﬁc@& b we@\glgl &lip kdIBRD14 pR8Ies RSt material
ot her energy which cures the material 841 on the

923 ity thedtrat mgmleﬁ ralipd 18 emforgueatuics g tha wwefagapbthe ayeb. For
VA0 b2 DA B8 1 SRRALRRL AN SRS REHLRI B s oo

patigh €fatabs G repeieatEcfanasome cases,ndp EdIRY DONSanRya ﬁtbber covered
used. Figure 9 illustrates an exanpl e slystem 910 f

roller. o Ag dhyctipasigs-bshwesa the Brss aﬁ&m% ©llgr P gpdithe W@|r9@%rs9l4 the
TIR %ﬁglldrfgzﬁur%g a&@@%ﬁr&%&w 1; ?tgﬁlsfe&tlrets Re Wefed Othe ?ﬁ‘% mRk&ial 922

a scale and a attern Teatures may
on tler fimstdsunfacaof the stebULf dhe ﬁa)sft nidteriaMOD2 wi dulnedaussiecomnehergy source

926 that provides suitable curing energy. In some instances, the energy source 926 may

X

f\ﬁ

provide ultraviolet light, e.g., light having a wavelength in a range from about 200 to about
500 nanometers.

A second curable liquid layer 928 is coated on the opposite side of the web 912
using a second extrusion die 920. The second layer 928 is pressed into the second
patterned roller 924 which is patterned with a second set of pattern features in negative

relief. As the web 912 passes between the first pattern roller 918 and the second patterned
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set of pattern features fornmed on an opposi ng surface
of the web. In sone configurations, the system
WO pBasksss fi rst and second di spensers 916, 920PCHUSE0PS/067311
roller 914, and first and second patterned rollers
918, 924. In sone instances, the first dispenser 916
be a first extrusian dle 916 while the seco

r°1$§%‘éﬁ§%$ec912@sqm§ piEera feagiaire drpsfaaedio the sccopd 1aYPh928 The
\Iéﬁ%%tjolsésg AL fch @mdéfeg@git cboailﬂg 1aybi §3g material 922 is

on-a wep sur e"com ng into contact
Wi t In tdnee Eanfiguirapiahg, elicedlerfolrhet b}9th8 TaRrisime o eloofidt surface of

nate i al i s di sposed. on a web  surf
thaefte? %ﬁ%bsqdﬁ? 5 oML bk R %@%&%&%éﬁ%& Aigjof pattern
feaﬁ&‘bé @fncﬁ%?e fohﬂe@&lﬂ gﬁﬁ)cﬁﬂﬁ%éﬁ)@ﬁ% wide first material

di sposed on the rst- patterned roller and/or the
secﬁnﬂwmtﬂpmwahsaskdmgp@8®dﬁunan&sxgeépmuﬂpahmémmd@44and

Il e In thes . f' t an ond
1040 S and et R R ST Mo o W i b pofifer @S Pafticutar
emBadihRhRES phérh&d follslong 0omet 4smncasea tv@ﬂl‘ I@ﬁbecﬁtbeFlﬁdrE 9t First

extrusi on die 916, di spenses a first curable |

patteayest rodld i meplgies bt B Raschlerfeaturss i f4bendof firshest batg:m features
in ?e%%tlr & 1|re i { esrge??é%&) Pa?tfe?i fol%i 264{6 rra:)a?s:%lc aI‘ld eg fepsattte% ﬁeﬁtures 1050.

sur ancaeNélf 1030epa¥e2b ovérahe axsa pptk@ned Ilaﬁelf 104311; a Padt terbRdiquid
roller 918 is patterned with TIR scale features and, a
Whﬁthlé% fepasttegypn 5@@9& spfaged 98 g b the wenh Ky Atmapebs @r%ley Cyripg energy

) o@g&%@eﬁ 'sBulrcgllb% ndt4 fﬁ?t\r,\’reggn qﬂﬁéjpﬁ) e fft t@gled roller

passes be I rst p terned
1044 Tier TRL akerfdattiies 1054 amdbihk é‘mt%ﬂof pahernTtRues laﬁenﬁormed on the
tern features are

f d the f
fﬁ*%&%ghifﬁ Qﬁééifygbra%ﬂgﬁ gghﬂn the first surface

of e WRbrIR1Lale FRRukL '1@54 SRLERE ﬁ?ét s@2# phcrfi YERE Y SicMBrmed, a
an energy source 926 that provides SUI? e curing

scconé cgmblellmusb s 2iindispersed pntbiaeieemeir@lyfasea w38e0f9}26wab191030 To

inBi b R o i dhas b S Bmasbe 40 Bt 1052 i

isoAOR®h RS firsfer@SPRiréUraa| @pldaﬂﬁ bd ldcﬁb{ﬁg th34fsti Bergy source
coated on the opposite sid e web 912 using a

10&byothat axtgyrmigad by ehedpot erpray soutesri@3# dgesrnog gl prsthe second

11q81d%§§d1 0&&1?&{41'&% &%%g@gmggs{ foes4 %’16 c%h'b% %ahrl}é}gh?ﬁle

attern secon tern

resfj@@ﬁblp‘d&erhédtcﬁlfers W41 Tetewe b 912 passes betvveen t he
first pattern roller 918 and the second

pat dichEEr IR sspledoaturep hRSGanddfiat radiermofeatysgstasy fprmed, the web
105 CAIHRESs aﬂ&ggstthE :’r‘fg&fr&ﬁ 644, gﬂ}érﬂwﬁﬁ&l‘? BEtHe RV 1038 Fnay 2E

curing proc repeat e or the second coati ng
coﬂtaybd u@ﬁ@ thd presiondy «:lep’dsntgdj fHaR ismhfs Thdmosaadng of thervadb doptinues

R b3S e e M S bRl EP TR 1Y, o
The 86004 1i§614S1 0% iP@EA 8fsPosed on the second surface of the web and is formed by
the second patterned roller 1046 into the second set of pattern features. The second
pattern features are cured by curing energy emitted by a second energy source 1040. As
the web 1030 passes into the gap 1048 between first and second patterned rollers 1044,
1046, the TIR scale features 1054 and first patterned features, which are by this time
substantially cured and bonded to the web 1030, restrain the web 1030 from slipping while
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features which are forned on opposing sides of the

web. Figure 10 provides a closer view of first and
wazensrspaat t erned rol l ers 1044 and 1046. Fi r st PEFRTS2008/067311

second patterned rollers 1044, 1046 may be consi dered

as particular enbodi nents of patterned rolls 918, 924

as discussed with respect to Figure 9. First patterned

therwel 1089Aeging enarirgsingoihe s ROEcaidearp st the second patteiper wller
| kst t f eat.ur.es | i )

B R T S N S

bethveat theeBathfds GornAd od oppbsitkQ3des1833,el938wé thetwheb T30St

patterned roller 1044, a first curable |iguid ichis
dep&¥isHBRPTHRE Hlef‘?’f‘g[’sw%&ﬂnftg% arsy ngqd oller (g Vi%@dﬁ%%wnd
liql%g 31?92 €OmBYinfEd st GREMHY slégglgd’ %Qc‘c‘e?néayroﬁrl 0868hY Meg?@é"céfc €

near a first region n the first patterne

regisptakien bdt®Adn thEHeatTteR 188411056 éarmedesn oppbsitcandbst1A82.f1i088 bf the

attern featuyre .e fornmed on the first side
web 3936 e e e B e Sl e R oI g g tne
surfdt@s 3f Be Fealafd k&ahl peserAStbrblIBR 04h el dor $he §-®&ra€lﬁf the web
pattern features are forned, a second curable |iquid

aropoé the fersiansipepslpagiatngd zolbvss i, $U4( ansldbet o the gah 8048 formed
b codo jnsdre that.the ond, ] iquid 10 [ S..not,.

by Yol PR iR, R8s R PR B Pnbtat. Sy

cafse® By tlvehdri¢sSif nepien @y web landldatd B fositiyrpidhadol. YTHRYS-wrap can

ocating the first energy source 1034 so that energy

magHiiptaeivel 19 HeinfGopteet Wik peh rebaverer Wopanglsey 1§8dcgigry, though

S R R

aspees pé Chrimigg fraturer anegppositd @ds df@4dch Ahidh arcAfpplcatiidq® Tl R

cale features 1054 and first pattern featfures ar
emﬁea%ﬁ@a?s G e Wty g@@‘O&l&ﬁ Proraeibaddn gomﬁiémﬁx qued 3y Patent
Puli®fion fg%myw&cﬁfisdihb@tp%}%d%n WYefQI%nGé?m rol | ed

using the previously deposited TIR stale. The novenent
of ithsomeimmdemeintaties, thatllR stdle &rtredsn a prapous exginofach@yg step

bet ween the, fjrst and secon atterned rollers 1044, .
mag g ascineogunbhE bpsfith 3D PR FLREE LiisaliR g fisturing
step €S QEarSini ] @aent@ont il ShovePindiguiest 1f @hB®eh MY TIR §cA€ e@Afes and

patterned roller 1046 into the second set of pattern

pattesh fenturss artigecasly corgiepded oy pufpeatsfebusgiador uAdistislspenser 1101

deppdlts ¥t T E AL 19%n 1%?%g&%caeeorf%%s;gag%e%b]i%9: The

passes into P en first

weBndos eodng theairbteane df hkdrat $1 M0dkposildddbercdbB bFbhs Gad €ontact
features 1054 and first patterned features, which are
withya roHeis] k20 ha vieg JdR saele Agatyres irnsgativrreBsinldad 2pé firH datierp
- e 0 r NN Yo ' b
e A R A S Pk e
patsecatid]lpat 128randd fired diprollkk®4 625, Tid SIRlewtccfasteses\idR6 and the first

P SR EhP00 ) LRSS A2 RSP0 Phale 8 R 28 Blwet
1105.

After formation of a scale comprising the TIR scale features 1126, the scale is used
to control the position of the web 1105 during a subsequent processing step. A light
source 1130 directs light 1131 toward the TIR scale features 1126. The light is modulated
by the TIR scale features 1126. The modulated light is sensed by photosensor 1140 which

produces an output signal indicative of web displacement. The photosensor 1140 averages
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between the features fornmed on opposite sides 1032,

1038 of the web 1030 By supporting the web 1030 on the
WO 2008157588 t erned roll er 1044 while the second PCYUBIH08/067311

1052 cones into contact wwth the second patterned rol

1046, the degree of registration between the features

1054, 1056 formed on opposite sides 1032, 1038 of the
thoJight modolapd iyt PHtIRFIENIYR Of WRAOPRSHIM Nraggssdsd 150 uses the

) : . ‘ ;
phB%h b (SR RRE W PRI o i Bl foR R o s
inf&ntap fafm tHeevebeipsaionymocckdve 11150 st comndl thedona web and/or cross
SRS LTty 108 048, 0 BELEE 8 B e

sedOBD st drRi rgR@nges, tenperature, mnicroslip caused by
mscﬁani cs of nipping a web, and | ateral position

conir @bubsFnentpracessingateprsdcntdpatterin écanebs drd 3@nied on the web.

contact with each roll over W ngl e of 180
Fof it 14 eSu R P RE e arlgh S BETHERS Sficg g the web
opPRRE A fefabdlod BAIAARE THRUbANC §lSHbhts @ NBNAS fortetdi tA QRtehd
aspects of formng features on opposite sides of a web

disperiseh] HRedcapyisiacabons leyereivudirimbhi B of thehyecbpll@8 edhe web 1105

e R BB B BT 4 R P b AR pety B p 1

patfyn k@ fc@n €N end 4 SectdBipi roEETEBt The 6¢tdnd bhtgerd k&Rt aal Bincludes
formed in a previous manufacturi ng step may be used to
SCCOBAPREI™M fenburpb ¥y Regativeorlighld 7d upstthaveb d 03 prysep between the

i i td
e T T 4 OB PP ol B e TR AL s 176
arcafochmhinttee sechrdimarceal yer gri@atllhy netaggen@dlednfponents 1180
._pur.poses of illustration. irst_dispenser 1101
inclifibiethe gncpder (g by P, fut s 23 p@ﬂ@ée%s%ll“o?, the web
poSiHSi fo8eRbr A150r ANERAY BBlioNEbhtHAP1 160 Ra et AR RARYENGen the
the tirst layer of material 1111 deposited thereon iIs

firdy petterh feature o (noo shavot) andl the scoral pagternift2@rdsavi’ag Tl R
scab,g ﬁ.?ﬁturea I n. negat.ive reli ft 121 and fi I tt -
pat t.8F | F SEHGPEETPr EGRCRY B 1 ‘B AOTEhY GI%CHS%}%? PAgVices

alifdiBentel) f3di0Rs Pass@ontiNeass dthesubitias, wattb@iaeebntol, lvesb

120 and a first nip roller 1125, the TIR scale

steprang Pdeanhanced capgertingodratims pdhe dik s¢adefogiuees qapde produced at

hig%l%%%‘%?eo% ﬁe)%g%g?e%AHfde Irigl %tirire]glfl}e Jo%ﬁﬁé t02%un SRS r'fl‘h%ls,rt?lé' IJF% scale

Ion Oor~a scale conp

featies hhiRbs agddeao ideririine svebldspladehnssalodn usthdFeduite® are formed
.control the position of the web 1105 during a
wWithopisetGeRt Q3188 8€BI ng step. A light source 1130

G P A SR UG- T g gt e B
profhesimpder atuddlinkclughtipplsingdnghed tdmgiop ho thesestsadter Al a material
tha\{\ﬂailsc‘tbeen applied to the web. Similarly, another exemplary processing step can
include wrapping a roll after the curing of an applied feature; such wrapping can include
more stretch to the web and the features formed thereon. Such optional processing steps
can be advantageous to minimize any contraction of the web caused by non-uniform stress
exerted on the web in the area of the features. Such contraction can lead to web buckling

or the formation of small wrinkles; optional steps, such as those discussed above, can
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produces an output signal indicative of web

di spl acenent. The phot osensor 1140 averagesthe |i ght
woreeehsnsesl by the patterns in view. A web posiRk¢TEHS2008/067311

processor 1150 uses the photosensor output to

determ ne web position. Wb notion controller 1160

uses information fromthe web position_ processor 1150
migigi gty Bicklingowipklipehatrianoeccer. ose Netkilhasthe agvaydd know,
. . . . i L i . first
hatiE et R AAUDEHOM Lol ST B GRE] WBER s,
subaegtheninethiod o sshing zisp epy beddmgdr patikéng chddtinalwk the use of

are fornmed on the b,, Far. exanple, the second_ pattern
Secpeg%rmﬁggct&rf?enﬁ%f‘yb% Stdgrofdh B PG BTy DY ety would
be 8ROt %Sulh*&%ﬁ@%sfa?ec& 2B ath &t@n&éﬁ%y bFRese 8 b%l:l_@@ﬂe%sexample
1126 fornmed. A 1102 d ts a

are second di spenser epos
of swbarstruttmyerandfe st @riighre 121 Asoieet heligads 121 s webhid Swedudes

1105 [ t I r of terial 1112 di
oL e AL el Bt oot Codfla PRr PP R e Bomatcr
strddtiked reREQMEH MirBinfaQlbh&lsidbbéRern Fo/uRgGONE pattern

roller 1171 includes second pattern features in

neg&nicwé sikilllin gfe artl iavingcadiiieis viedsificrosn pridlamdcistandeleat such a

web D BE62 PRI 1L OM Bonbhla AP RELSRERBI Tl Paccording to

thef xenthry MetHod dsayad witktréspcal tol Fy@e 11.1fb2 cxabhylenot i on
control conponents 1180 i ncluding the encoder (light
sourde forggung FesRrigtion of the yarignivdiraaénalghe disgloyurehpgbeen
(g : . j ll.er
PP R AR AR ERJER, TR InERRL Bl
ex Hamatiiwer @go (inot ths dowlopurand thchecdecond dxatdsed. nMaep inadéscations
176.. The TIR. scal e descri hed herein can. be used to
ang YATHAQRS FRAGHIPICHH 8ht;ﬂ§ A thoye HarlyRge s inginded fhat hcope of
thel REBRArO: RS SdtdSThRIdcAiISYASI LS, HHERHEBS kR claims appended
control, web steering and enhanced converting
hewoer ati ons. The TIR scal e features can be produced at
hi gh speed on a flexible web, and do not require
coating to function. Thus, the TIR scal e features my
be used to determ ne web displ acenent as soon as the
features are fornmed without a second coating step
Furt her optional subsequent processing steps can al so
be utilized. An exenplary processing step could
i ncl ude appl ying higher tension to the web after
curing a material that has been applied to the web.
Simlarly, another exenplary processing step can
i nclude wapping a roll after the curing of an applied
feature; such wapping can include nore stretch to the
web and the features forned thereon. Such optiona
processi ng steps can be advantageous to m nim ze any
contraction of the web caused by non-uniform stress
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exerted on the web in the area of the features. Such
contraction can lead to web buckling or the formation

wo@R00sMsis88 wr i nkl es; optional steps, such as thRGEUS2008/067311
di scussed above, canm nim ze any buckling or winkling

that may occur. One of skill in the art would know,
having read this specification, howto effectuate such
optional process steps. Adet nmet hod of ninimi zi ng

any buckling or winkling could include the use of
secondary structures on the back side of the web. An
Wiex énglhiated is:ype of structures woul d be one that woul d
conpensate or negate the tendency of the web to
buckl e. An exanple of such a structure can be seen in
1. Fi g_%rs;rst%?ﬂ fofforpfifdla URpRLOHER sdde oh Q%ul}ﬁ@tgtez Qémi)lqﬁh%des
optical scale fea ureg 215 that are flankéd nt
exenn¢awwmembbdshaﬁngubﬁiswamﬂsﬁksnmuéﬂBbps&nﬁéﬁensed
%ﬁ ﬁEIQPﬁS backsi de pattern features 1210. One of
VEFCCh ®fle art, having read this specification, will

underdsivapfchdiddm ¢ Red@Rotatd b wslichgsPRekEE dRplacement scale
features (as exenplified in Figure 12) can be nade

compeng fhegl IRprishefcatuegsps arpeden fogsulpbsdassed with
respect to Figure 11, for exanple. The foregoing
description of the various enbodi nents of the

2. di sThesystén baslalie ewhéremeans ﬁﬂlefmsd ee puti@asesu@l in negative
illustration and description. is not intended to be

religk pad eatatipa o) rthﬁt 9llprsHraulfango el Eqr@§ thedis)agemenpycals and the
nmodi fi cati ons and vari ati ons are
patftégég%lag}rgﬂl)rg g t %% t he above teaching. It is
|ntended that the scope of the disclosure be Iinited
not this det ai escription, but rath t he
3. ¢l ail BB SHR ﬁg@al%ér@ﬁger@m mgrrbdispensercgn 1&6 {o digpenge a
maBf Rl 6 k@FadeUrMNGbaré 3Rl ARETENbLa6R |o? tlférlroﬁers forms the
substrate, conprising: one or nore rollers having
displaterheritstae nahprighg thet TIBrpr{sm feptupssiis thef reattnalam thesubstrate.
negative relief; and a drive nmechanismconfigured to
rotate the rollers so that the displacenent scale
4. COMEhi §{diém bhelaibh R Whérsin tﬁ@ﬁiaté&ﬁﬁcdrﬁpris‘éﬁ ARV Blrable@esin.
substrate. 2. The systen1of claiml1l, wherein the
roIIers al so have pattern features |n negative relief
and e '
5. oIS RBiRBr Sirh A°whinth® malid] LAATRES L Kadi ol er
substrate 3. The systemof claim11, further
n&ylslng a di spenser configured to dispense a
e AYSIER 050@1&9 Pavhergin thematigk eqmprescs A quighkeraatarial.
rotation of the rollers forns the

7. The system of claim 3, further comprising a curing station configured to cure

the TIR prism features of the scale.
8. The system of claim 7, wherein the curing station comprises a UV light source.
9. The system of claim 7, wherein:

the material comprises a thermally curable material; and

the curing station comprises a heat source.
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di spl acenent scale conprising the TIR prismfeatures

in the material on the substrate. 4. The system of
W@L@Bn$s388 wherein the material conprises a UV RUF/ERI088/067311

resin. 5. The systemof claim3, wherein the materi al

conprises a castable polyner. 6. The system of claim

3, wherein the material conprises a curable material.

7. The systentof claim 3, further conprising a curing

sta TIR prismfeatures of
lotheﬁéggrﬁgﬂ ggﬁgqsﬁ@%gﬁgggﬁﬁﬁl n17 wherein the

cur bngomstate aclﬂltﬁma‘lpbllSIeSn(ﬂudJMg hciicgtidsnad; pattare feaured mencgative

systemof claim?7, wherein: the material conprises a
TGF% 1y curable material; and the curing station

co nEﬁ h§Gfofl AR mReMGEn %ﬁr%t% ﬁ%%%@gngeﬂhmejaddltlonal

further conprising: one or re additional lers
rollemcdoudatreglde bk pattaad fepamraseranformad on g suhstnaeg at ive

relief; and an additional drive mechani sm confi gured

to rotate the one or nore additional rollers so that
11addiTht opkddm Bathmh M0 fvedrtingBe ptRrd RaAREL K8 frARd simultancously

substrate. 11. The systentof clai m 10, wherein the
withgdhe ermatiemeithe disalaecnentsedlesi mul t aneously with the

formati on of the displacenent scale. 12. The system of

claim 10, wherein: the rollers have a first set of
12 pat trae pyst@abhclain il 0, wiegeihi ve relief and rotation of

the rollers simultanequsly forns the displacenent

scafhe ralers e # fipss pet b patym ficptyrey i negaigrisicipmdipiation of

theSHASLY ﬂﬁtﬁta%l@(?% 8; f&g[(lﬁ fifl (ﬁ 1&eﬁ1%ﬁtf A5 o LridsG bF f)e?t{e?n

transfer o |on tern features In
featergd et thatsilostrawd; tld t he fi r st set of pattern feat ures.

13. The syste of cl 1, where substrate
confi<i 688 15cqn @%t@&ﬁe?%énlﬁawmnsf%he %19@ dfpRl paftern feafures in

re ﬁ@hﬂm%ﬁﬁeﬁH@§&%@b§u&ﬁ@@&&é§s a rigid material. 15.
he systemof claim 1, wherein the substrate conprises

a polynmer. 16. The systemof claim1, wherein the
dls&%acenent sca rst set of TIR e%isrrs

3 on e SAIE pr SR P BRI B 2y R s lnebb e

second set of TIR prisnms configured to neasure

Ion&ttudlnal di spl acenent. 17. The system of clai m 16,
14mherd&f aystere of plagn | awbicrsiacbanbstiets compEpgseigid material.
arranged

15. The system of claim 1, wherein the substrate comprises a polymer.
16. The system of claim 1, wherein the displacement scale comprises a first set of
TIR prisms configured to measure lateral displacement and a second set of TIR prisms

configured to measure longitudinal displacement.

17. The system of claim 16, wherein the first and second sets of prisms are arranged

in a checkerboard pattern.

18.  The system of claim 1, wherein the displacement scale is configured to measure

angular displacement.

23



in a checkerboard pattern. 18. The system of claim1,
wherein the displacenent scale is configured to
woremsasssangul ar di spl acenent. 19. A net hod of POF/IE2008/667311
di spl acenent scale conprising TIR prismfeatures on a
substrate, conprising: bringing the substrate into
contact or close proximty with the one or nore
rollers having total internal reflection (TIR) prism
f eat j Ve jef- an : |
19; o s ol Bt RRARD F BebEodiod e AT AL Bk RehFeona
sulsaaleecaopxingsi ng TIR prismfeatures is fornmed on a
surface of the substrate. 20. The nethod.pof claim19,
£ ur PHBFNG Y PSTAy IMIFpSis T FIGSGPTR RN it gt Qrier ot
rol RPORIVIR Btad Hﬁéﬁ&l%ﬂ@&%né(ﬁ'ﬁ( o] RERENG nELFivEUKET $hdSO
that the scale i1s forned conprises rotatinhg the
r ol r@atsngsthe rdlbetrs tehetiv tathersubyimatest thatghe displabomergdeadla
the .ma ial. 21. The. method of .clai.m 19, further
coBiPR S BB FHHGS PP TR BarTELT Bif Yhe st r at e
concurrently with formation of the TIR prism features.

22. The nethod of claim 21, further conprising:

20depdbe micthpdant chadimi 10 6mthier pamenising: on an opposite

sur f,a f th 0 ne or. nore . additi onal

r ol FlesfjgnS?%%%lrgtr%\rA@ng} Fgﬁ%ra%eur%%%’taggn features, the
onewhercifogatigtthd todlRad sorthit!thE scalvay ifstehed ddiplicgiabtanap the
attern features in negative relief; bringing the web

roljers sootfptBe THR pEp@deatyicd picpiyedunthe maErighe or nore
additional rollers; and form ng, on the opposite
surface of the web, the additional web pattern

21f eaflte exthaddf clde 19efurthdr cdmedisangrfo?dingf patteineficatures on the

conprisin intalning regjstrati.on _between the web
S%&Q@éﬁpﬁcw%éﬂg%@ Fg2 CFi’eOfghi%IHR Brsin fSidyehat t ern

features using the scale. 24. A tool configured to
forma scale on a substrate, the tool conprising a
22y ol [Tee ntethvidmy cteomall, further eethprisedd:ection (TIR) prism

f eat,ures. arra d and pattern features.in atjve

¢ ol fgosTngan gptigpd IRty ARt QpBouIC A elghe P PEPRORC or
mot€ ad Btiora® Pt StoFBrnT haRliRbha3 Wb @attetnEeatuRBAhHahd &hore

features on a substrate when the roller is brought

additionpl colifrakaving addittmel peorptharn jeaprenhinisgativegstiefat e. 25.
The b}igélhg %e \ﬁ%bafnrgoﬁfébt m%s%lrpgoiigﬁltyuifﬁ fRe Ioﬁg&t F8t M Riftional
conprisecrig regular prisms.

rollers; and

forming, on the opposite surface of the web, the additional web pattern features.

23. The method of claim 22, further comprising maintaining registration between

the web pattern features and the additional web pattern features using the scale.

24. A tool configured to form a scale on a substrate, the tool comprising a roller

having total internal reflection (TIR) prism features arranged and pattern features in

negative relief, the roller configured to simultaneously form a scale, comprising TIR
prism features, and pattern features on a substrate when the roller is brought into

contact or close proximity with the substrate.
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26. The tool of claim 24, wherein the TIR prism
features conprise a checkerboard pattern including a

W0 208157588 of features configured to neasure PCT/US2008/067311
| ongi t udi nal di spl acenent and a second set of features
configured to neasure |ateral displacenent. 27. The
tool of claim?24, wherein a distance between the prism
peaks is about 40mm 28. The tool of claim 24, wherein

252 dir§L aRg e Plﬁﬁl‘{"?@,%ﬁé%&n Rid Jfﬁ?pﬁ&n ahAHEs goQﬁBBse right regular

prisms.

26.  The tool of claim 24, wherein the TIR prism features comprise a checkerboard
pattern including a first set of features configured to measure longitudinal displacement

and a second set of features configured to measure lateral displacement.

27. The tool of claim 24, wherein a distance between the prism peaks is about
40um.
28. The tool of claim 24, wherein a distance between the prisms is about 20um.
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