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TOTAL | NTERNAL REFLECTI ON DI SPLACEMENT SCALE PRI ORI TY

This application clainms priority to United States
woe@siiSicohal Application No. 60/ 944, 888, enti tPE&HUS2008/067371

"TOTAL | NTERNAL REFLECTI ON DI SPLACEMENT SCALE", filed

on June 19, 2007, the disclosure of which is

|ncorporated herein by reference. TECHNI CAL FI ELD The

present T@T 8¢ MM%&%%%’HQ&D&S%@W&YT SCALE

determ ni ng di spl acenent, the scal e enploying a

plurality of total internal reflection (TIR) optica

prisnB as scale f eat ur es FRIORI#FaSUri ng displacenent

ﬁROU encoder ar e use to ne t he
di g& é?@é?gg?ﬂ °8f° aémém*}%‘f“ryéPiI raYIﬂOBP Pﬁ ication No.
60/9&& RK& ntitldy @TG@AUINBI'EMAL @FL@@]@@N DHEEI“LAJ@EMEN T SCALE”,
I'i ght 'source, a scale I's attached to

filsiipslunatl 8, 20070tk ellscmstmecdf evhncfh iis meerpeated émtdmaby reference.

phot osensi ng el enent. The scal e nodul ates |ight

directed fromthe |ight source by reflecting,

transmtting, and/or hipggkimasemE pf the light. The

phot osensi ng el enent is positioned to sense the

mod J]hgp@genndgqﬂosaﬁ:ds gq;}qrt@ql ot @scakenfop d@tpmmgmgghmlacement the scale
m%ﬁ é/ln%‘f’ef ?In?aht o?ft tlglt,]ail lenr%ee%l %h@c 10? éjl"i OéjélC% ngslﬁngslcgngalé fi Lures for
meastirigtdislgealenof the photosensor SUNNARY EnbodlnEnts

of the present disclosure involve nethods and systens

for determ ning the di splacenent of a substrate using

a scal e conprising TIR gga d{ One enbodi nent

of the disclosure is dlrecte 0 a nethod of

det @puicalicangodeosart iusel ofmeassiehisd dlalblecenhﬂng bf a sbstiatcet beatr

t d a | e dj sposed on t S The scal e
artwff‘cm?ff}a@ges ﬁmﬁ Ivianppgealicgeeger m#' ﬁgu i YOUES § $yple which is

attz(c_ﬂ'egio 1L IsEhRrafSor AR Grtfl| CFERESest, Eﬁ@ alph@fierstho@AHEAL §e scale
he TIR prisnms and a signal indicating a posi tion

moaiﬁlatdsélgiw tis¢atet feon shayleghe sarrec by adkedting ttahsmittoai laad/edblocking
S|t|on of the substr.ate be determ.n
sor bl it o Bttt B Sre e s PoriRegi Yerih gl eo8 feht
and'f?é’n EABPAN Sp@RigRAPdREsSordna toRROMo 1B Mght. NOispREIAIt of the
conti nuous substrate pOSI tion.In sone

articn@f igigrast isslstermingd by epslyriag shaqeyipwicrgnel eftheg photosensor.

transparent, elongated, flexible web, such as a

pol ymer web. Depending on the material used, the web

may have a bend radius of |ess than about 100 mm | ess

t han about 50 mm |ess than about 25 mm

SUMMARY
Embodiments of the present disclosure involve methods and systems for

determining the displacement of a substrate using a scale comprising TIR scale features.
One embodiment of the disclosure is directed to a method of determining position of a
substrate. Light is directed toward a scale disposed on the substrate. The scale includes a
plurality of total internal reflection (TIR) prisms as scale elements. The light is modulated
by the TIR prisms and a signal indicating a position of the substrate is generated based on
the modulated light. The position of the substrate may be determined using the generated

signal. For example, the signal may comprise an analog signal providing an indication of

a continuous substrate position.
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or even |less then about 5 mm for exanple. The
| ongi tudi nal (down-web) displacenent, the |atera
W@ 200885761eb) di spl acenent, and/ or the angul ar POI/EHS10081067371
of the web may be determ ned using the TIR scal e
features. Measurenent of the |ongitudinal and/or
Iateral di spl acenent enabl es determ nati on of web
posi® $Re eardizarations; thresubsieaic Mmay gepprisg »Eamarest slanepted,
ﬂeﬁ%[e é‘ﬁﬁ(fheishagS %nge‘tg ?[?g%ﬁamg é;qhec‘ %u%us o%eh thg Web may have
a behdmtilusldf yesnﬂ)anka:bonte]toernmnnkesk thas elsbun 50 ahrs plesscthareaiiout 25 mm,
ureﬂe ; Ie of the web may be determ ned
Or? %ﬁPE ﬁﬁﬁﬁﬂ? by the use of two systens,
di sp@s ﬁqlcgau@iﬁg a(EB'!Vﬁl\JJéB BRREAER U1 dral (RSS! r“debg gishRcement,
one aspect of t |sc re nodul ati ng
and/pvibk wegularblagion joh gleaquiumay badgtrmihed idighthe LTsIRrsgale tigtures.

Mgt B BB A B R LB B RABRG hirRon of web

podiforiRl/fieha@5PeRH t@HetbRging b&%t@ﬁ*ﬁbﬁ)arﬁﬁ@céﬂs Qltldt RusdelRtBanges in
light involves transmitting a portion of the |ight

dlSp l@p@‘mqh ot exampal rternpergmrﬁs straincandTnedwisefalastioidy may bag

dete ?gs do%e §)? Lon Ls den %{ ated based on the
d | scannlng reticle may be used al ong

vvl t frhb Bﬁglé_bf?ﬂi@rw&l’fﬁai be gotaviifed thr@iph sipleltagdndmetry by the use
Anot her enbodi nent of the disclosure involves a system
of gehtistpmsedispeserl substantially prpenrdiewaosi tion. A substrate

| ”C'é)‘égp” tﬁ%ﬁé s Sdgéﬁvdmge&@&%urb tH %ﬁf&ﬁhg dbeef e%%‘EEﬁVB[be reflecting a

(TI atures tran et ect
pottiog foff thq:i[g]nlt aslegi tHayT IRherishdsR Theispmsl iaddagenaibatr&s pasition is

sign indicting a sition of the substrate based on
gel{eﬁ% %WEQPW@%G?{?EEE}% signal may be used to provide

for A%@&"dh{g%@ léﬁotﬁ@@a%i%é&%?ﬂ{e &iel&ﬂ%’e ﬁ{odﬁﬁﬁﬁ% the hght involves

transl ati onal and/or rotational egrees of freedom of

trapsmettvpegn parhet afithn gl;lghmhtqugh@mstnlsmglttsubhmw The signal indicating
cont i us | at

ey R RO s SR O R B o E R P S i@ HETE may e

usRRIh $heCOIRF prisuisad phdvidteli @it Mdaalatibg. posi tion of the
substrate and/or control the position of the substrate

bas édotsr emeodimgakefibe dlsglpgﬁa involyee a By vema|conbeursd tpaipdicate
suﬂl%Xt% Rt smoHt ar &?%tra@g glcglrd%g ? ?@Ea&% f&'&al ?ﬁt'e“%r g?éetfongcgfk)

prlﬁﬁQ hdﬁ@aleefaiaa&s maAndkan@fludeh ectdits Ghstiddulatsd B t}ectlaobrtsmsand
roll good conprising.an el ongated, flexible web

gensate et ﬁgﬁ?ééW}P'fé@ BPRPItAN qfﬁh%g}}batrate dased o thp a@éalated light’ The
mg%ﬁ%f}p%r LIJ%S toc‘ e%ﬁwgltlﬁﬁoc‘us ﬁeeﬁ{lre %?5%@% Jr&idr€ §hh98ional

I SNB I gure ate
and/or rotational degrees of freedom of the web, including contlnuous longitudinal

displacement, continuous lateral displacement, and/or angular rotation of the web. The
system includes components configured to determine the position of the substrate and/or
control the position of the substrate based on the transducer signal. The TIR
elements may have an internal angle of about 90° or other angle and may comprise
grooves or notches in the substrate.

Yet another embodiment of the disclosure is directed to a roll good comprising an

clongated, flexible web having pattern features and an integral scale disposed thereon.
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directed toward the web, where the nodul ated |ight
i ndi cative of web position. The above summary of the
w@e@sasito1di scl osure is not intended to descri bRCEHSI908/067371
enbodi ment or every inplenentation of the present
di scl osure. Advantages and attai nments, together vvith
a nore conpl ete under st andi n(?r of the d| scl osure,
eld

The seadheonapipas el intgenabsiicetiqnatldB) pysmeganfigpred te @qdﬁlé‘te light
dirbQLd RUPEHASE R hfﬂgﬁ?qﬁéﬁl otRklA ﬁpglgf’blaﬁ{z@gf \Laj)(ﬁ(%ltll(ﬂl

conj unction w t e acconpanyieng draw n
DESCTRt RidvONutimabiAef DikAW¥shiadSlisdl gpureis ndt 1n|tdnldsdl tcﬁde@Srfﬂid@ch

of total internal .ref] ection for |nd|c tin
mgeilmqnbw T W T RN Fec¥ iR

attdhSEhiQSH @cherF\M%‘é %ok@cdrhﬁl%tﬁlaéﬁt%n&ﬁglo?tlf‘cl FOERSY R, will become

conprising right regular prisns confrgured to provide
appaptrdland apmeeiated bgfréferingdn tafollpwdigodetdiled desdnippos and daims
¢ i n.accordance eﬁtflh enbodi nent,s of the disclosure;
aken | Gur BIZAIPT NSt P At eerR Sy Ee dFAB8S- i ndi cat i ng web
position operating in reflective rmde i n accordance

wi th enmbodi nents of the disclosure; &Jre 2B
illustrates a SMWPEION@E EH@HW @)%S| tion

gﬁgﬁ?tulren OA il 11nus%ra? s%l ?otaﬁo g reéﬂcegt?(?b@or ?Irdlggttﬁlg X e position

OSUI‘ e,

in @qcstdaméwfth embbdhﬁielntsrtgtm&lsmaent operating in
refl ective node in accordance w . th enbodi nents of the
di sElwsutR illystrgigs scaprlpmenis cpmpesing righsieapar piisms configured to

I I
A R b R L R S o
embodjurcas; iZEhadiscl@fure;| | ustrate scal e features arranged

| ongi t udj ly on a vveb ccordance wi.th enbodi.ne
of F%é“?j?fga{ %%Y&Peé a Sﬁt@l@r 1??}03%% YEP PPyt PReringdy %fqecme
rnofd€fi’ﬁ W BRIaREE ANARALLARRMA dNthOFis@oWeD |1 n accordance

th embodi ments of the disclosure; Figure 2 1

[ I I iﬁgurcaflésllusan@s tauyistcralfOIalndchmIgawalb peciadreoifesdtingrie srangmissive
ecke boar d. patt c ance with enbodi nents

mode i o reaet BUbPaoR Gk TAGRESH "of 1§ ght

i Nt eNSird YC MustBRs Sldﬂlité’fﬁ@opéon@foﬂﬂl@tv@éiﬁh@@én%nt opdigtind @htflective

mtengﬁ%@rmdu ated by scale features in accordance

mog itha pereith smbpdintratsifshe diselpsureFi gure 3B
' A #%@E]ﬁ%ltl&rt@%g%r g&elln' 80on SRS dYmBlehdIf ofHLGRAS K

transrmsswe 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;

Figure 3B illustrates graphs of light intensity at the surface of dual photosensors,

the light intensity modulated by scale features and a scanning reticle to achieve sinusoidal
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the light intensity nodul ated by scale features and a

scanning reticle to achi eve sinusoidallight
WO posnsioty es with a phase difference of about BOI/US2008/067371

accordance wi th enbodi nents of the disclosure; Figure

4A is a flow diagramillustrating a process for
_indicating substrate position using a TIR scale in .
lightdptspeitipcwithi phasrbdercherriabant 305dn gecoedapsevith embgdingents of
théyﬁaébﬁ%fIOMIdiagran1i||ystrating a method for

etermniing coarse and fine web position in accordance
wi t Rigenbodiinefivy didgrimellaitatih®s preecss fgtiindicaing sul&trate position

di agram aof .a rol ood conpr. si ng b havi ng
usm%ﬁgféﬁafpélg &?%Of%a?%wge ewggéleeaﬁ&iwwlt)wr%wbodi ment s
of FfrdisH Qﬁ%%ﬁagﬁérﬁ!i‘lﬁ@sté&v\%z? nRifdFEF dRRlinAoRBELE AR fine
of aToll good conprising a b having an I nt eéral
web pabigomndacabsientravithgmpadinents df ¢zt disdssudeposi t ed on

th b ) d it h enbodi.nent f. the.
di s 610 &S EBEAR St 10Ul epofl CaRPHATER Wevdiy e ipjgerah scale

feal@8s MQRBorARRANAIEEMbERMLAs WE thel dischsiaR:, dance with
enbodi ments of the disclosure; Figure 6 shows a side
vi eWigyre 3B pot diagrnogf aparton ef a redlgaed comRrisieategydshaving an
int%]ﬁglastclal\é%n{i %islf) %‘;wi%g ?ﬁtteq:% eal%l(;“lreéJ 5%%'%&&1 fﬁ) f :renv&%b-lirll gcsgr:?alﬁl%e with
a substrate”inaccordance” W enbodi'nment's "o e

emtbgielcasloreihc fkgoguee;7 il lustrates a system for form ng
a scale conprising TIR prismfeatures on a substrate
i n Seewt farcedipgem efbsaleteel harboensenpraed Gemyaweb in

ac&&&%&?wﬁhieﬂb‘éﬁhﬁ&%ﬁqt&e a;ééﬂo%m?f or concurrently formng

a scal e conprising prismfeatures and a first
| ay Eigund 6 pladwer sidé emtvusfespodtioraoSutodlier dvengd Tl Rafbatiraan megative

wi.t h enmbodi ment s. of di sclosure; Figure 9 . .
rolfef [ P4 B 16y er] ﬁqt‘ﬁlgrscaﬂ? BRACHRG 1 ibeiansg Wikpmbodiments
of ksl IRl t hat includes features on opposing surfaces

of the vveb i n accordance w t_h enbodi ment s of the_
di stligusa¥ dlusFatgsin eystOn ifor foghingtassalticosiprising T3 poimah features on

atter.ned rollers . that may be.used for producing a
» Pl B a6l sB e P hod Py Of (R g lo8UBac ur s o
OpPesiungs Sillsfiraes s spterh i dbﬁbur’réhtl@%ﬁﬁiﬂ%@%@al%bﬂﬁprising TIR
enmbodi ments of the disclosure; Figure 11 shows a

prigyp deadwrcnped efirst tayer afi IRttsgafcaturas omedsubsiraie pravgpigarce with
o ML AGhiR, S8, Lo com ol the post o o

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;

Figure 12A illustrates a portion of a system for controlling web movement

operating in reflective mode in accordance with embodiments of the disclosure;
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manuf acturing step in accordance with enbodi nents of
the disclosure; Figure 12A illustrates a portion of a
wasBasmeior controlling web novenent operati ngPETUS2008/067371
reflective node in accordance with enbodi nents of the
di scl osure; Figure 12B illustrates a portion of a
system for controlling web novenent operating in
r ef Feeag {48 ibglatena aedion dncestomter emgolingsribsmeyennaid
op&hﬁr%ﬁﬁgﬂ?ctivg h%ﬂg n &ﬁ%rda!n'cé%thaehﬁ)%gﬁﬁ&kse?ﬁ tﬁ@hﬁ%l%&rg;
arr ange ongi tudi nally on one surtface of a web and a
secbighrpaiA diustrames tdude featkessirchagaf lohgieudigeddlyiam one surface of a
ccordance wi.th enpodi ments of the. disclosure; and .
Weﬁiaaﬁ A &CePRA PRftP O AR g%,cks@a% of thewebisaccaidangrguigh cmbodiments of
thel @RWumdiapg@l 'y on one surface of a web and a second
pattern on the back side of the web in accordance with
enbbdiune hil3 ilbfstratee schl sichtusasragran i lbegituuenadly ool cms yndadesof a
menabl e to yario ifjcations and alternatjive, ..
wep G Seipl et bR e PBG st eh B Hoiks i §5F ah Ypodiments of
theeglduge i N the drawi ngs and will be described in
detail. It is to be understood, however, that the
i nt &vhileghe disclapnre iamngnable to erieissop@§oatens end plécrnative forms,
ticul e di nen descrd bed., On the contr 11.he
sodt o e BB b sy e B S iy b
defilcdint tdintl was be ahldrigodyiHokiched Hait fRAMRNDEn & M6t to limit the

.disclosure as defined by the appended cl ai ns. DETAI LED
disposrRitpthe Ry i smbedimangsedpserihicde (Huihe Sontrsy HBe L1 tgHign is to

‘ R . ¢ h
codp i B ANich T LSAER. PR ARETRal Ble DFHBR LB Eorphe
disalodurofa defSncattiyethe apheadtdgesnsover the prior art. In the

foll owi ng description of the illustrated enbodi nents,
reference is made to the acconpanyi ng draw ngs which

forma part hereof , panari BDWESIRIPTIOROWN by way of
illustration, various enbodinents in which the

di sdhosus & nealyfobentpmegt inctbdds dnd systems fiyeindicdargdisglacement of a

t hat e enbodj.nent s be utilized and struyctural
sulisalig 0 RE D SR T r s o haSRP o LB
adRintdoBeoRir e or@irscl osure. Enbodi nents of the present

disclosure illustrate a scale for determ ning ,
di spr tiedeiawingfdescriptipe of ticalleptratediparbogdinpgngs, ectgrence is made to

i - syst f or. .maki. '
o T AL, AL TSP, ) U o
illustrali @R & hiddusaimbadméitadnskibith eiealiscdyiifOmhay bé placoewl It is to be

unc?eirsstgloda Eh?l‘[r‘glg tem%ggiimne%)t/s r?lgy ggﬁ‘clil(i)zye?ignzi gtrgcetflrea{ glilarr]lges\/\r/%gy be made
without departing from the scope of the present disclosure.

Embodiments of the present disclosure illustrate a scale for determining
displacement of a substrate or other article of interest, and methods and systems for
making and using the scale. The scale may be used to provide an indication of web
translational and/or rotational displacement and may be employed to determine 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
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position and/or to control novenent of the flexible
web. Additionally or alternatively to indicating

W@ e@sssmid onal di spl acenent and/ or rotational PCT/US2008/067371
di spl acenent of the web, the scale may al so be used to
measure various paraneters of the web or anbient
envi ronnent surroundi ng the web. For exanple

usqgl tg ARPesE tYTAPGIRHES aE(od mody&wﬁelaﬁh@%%féh@wwn@éwm be used
f
o bRTRERHE Sl TPRL MBS B SR o

glasy) los hragitcomipaiye beamdeanﬂembﬂer, anstplabdhitnaterinlkekh as a flexible,
material, such as glass, or may conprise a
PolymeHE ébent , flexible, stretchable material, such as a
fl e’f‘h@ k&le ﬁ’l@iuﬁ@é eré’fﬁ? of J}S’[ﬁap&% Srehtllfs YFRSe fed as total internal
plurality of opti scal e features conf |gu%
refteotian (TIRD prisras. T@thl mtflrmed mef(eftléi) opnuurswhen fh@tuahdam mgln af light,
reflection occurs when t
01 B 2 B S AN S oGP BT PR Dol nigeh] sheles greatr
tha@d, tdllGiatoraing 1Bh{R refiRfed. NCi dent angl es greater than
all incomng light is reflected. Figure |IA shows a
scaFigucohdshevng scall@cfr@msmgeEIle@Btum ld Somsssubstrate 10Hand
1llusﬂr?t|es l}e%%tnrcga ¢ (g'%tog?l erna cirlef‘-fec%ogfas og laléedl nrl]t cor(?ance Wlth various
HOR &P YAh s

ememﬁwnms ntight geh@hted @garaergeht ﬁdlr&y(nat $Ho@hb) 1§dnterc€ea témrtd the
is directed toward the substrate 105 havi

SuhSHﬁ@gwahagl@a@e iptegat scalerrgmprRingcRescple d¢atvres 1131 5If %vq? angle, 0,
of {H%%ggg 1 led1¥egled t8£va11dq§% i@ Qéalél'ije:!ttugésr ﬁ%tlg L RPR. aaﬁ of Ia&ual% to the

tures 115 is greater requ
criicdl thglald., ahgl the Qght it heffectedert bngdbt), assndiedtbe at Elguﬁt 1A.

ang as | |cated jn_Figure A, The TIR sca
f eatLr 5? ﬁR wff%%rrﬁ@atff F?f@%?f TS YR OGO lg@@%la{l they provides

reﬂelaﬁ&n wamd €i§ sd;rﬁé LR6bdiafRnMI e TR scd1B féa%@s P es*mﬁﬁw $eht
the TIR scale features may conprise right regul ar

regutar pnisms,as illustaedrimFegiré hB Flgthiserhi®diment i |t1$e angle, 0;; , of the

e ishtiebt i AR CreS? 8 4y Tl lpetfir (€ Rageeter han

9. faatighs kALY St@hABtBfledtbR R thE right fiRnl f2081 18 Fith @AAddnY angle
internally reflected to the ri ﬁ rismface 118 with

02 A¢ theaight arigindacy 113, thadighhis agalgﬁ@ta Y iermnalhceetleated atdngle 0,
and pHeht B A S Bl R Bl D R e PV e
coit\RBichilg kR0t ebigintll tHadfdhe aicident o the Tadd oFQYEIR &atd &atures

reflects nearly all the |[ight incident on the face
withgt defqpiogatianghitandyieasar with mesitalligreh wrfpessdhatare &yms?@ll}'rﬂyed for
h metallized surfaces that are typically used
rdgﬁﬁ“55?1gctlve scal es. Figures 2A - 2D are di agrans of
sy s Fausesconf 2Puare diapmnisadisgsttas dosduaektsandicat daplacement of a

substrate using a TIR scale disposed on the substrate. As illustrated in Figures 2A and 2B,
the systems include a light source 210 that directs light 211 toward the substrate 205
which can move relative to the fixed positions of the light source 210 and a photosensor
220.

The system of Figure 2A illustrates system for indicating substrate 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
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substrate using a TIR scal e di sposed on the substrate.
As illustrated in Figures 2A and 2B, the systens
w0 pBasw1a | i ght source 210 that directs |i ghtPQ@I/92008/067371
toward the substrate 205 which can nove relative to
the fixed positions of the Iight source 210 and a
hot osensor 220. The system of Figure 2A illustrates
20§ 9Ethe ribsiiatg Higi cdeiliggt W%l&tdereawé@hh%bln@mar%wrrﬁaw RE0 of
| 64 1 B t
thessggétgaféé X%ﬂ%ﬁeﬁf tﬁ@lb%hec 25b 9%( Ile?l:gcgg&g ?gghealtirﬁagcﬁlg I%a ures 2 15
toveard lmrlﬂloph;emms éh@ioTh;e EitfBoseneor 208 is¢risonthd ratéﬁa:tedtl[gélt amﬂgenerates
surface206 of the su str%ite .205. The lig <£5f source 2 O
an gnglag PPy Sygal that may SGasef 1g g IF3t 8ubsgpi dbplachment. In
ern%H@l%{eﬁgtﬂ?e s%@gtrat@Q@S)fﬂaZ @R nfd ntohﬁe frhQ 1élregtl Ipi c%nﬁ%lrhﬁﬁk%ere
he 'TIR scal e featUres toward the phot oSensor
thezszbstraTm%Oﬁois dtaosenstra [R2001s eﬁtile $ight2 Iredy betragsnlifteththrough the

suqasggﬁe%ﬁsei @{fbaé)p?eg?ageo o &g‘tf’esﬁé‘ﬁ #Q,Pt 1ts agspa}!en? the Sl“ﬁg scale

fea@IFBOT BN be b&b@tl&ié@%hreﬂh@r ABacdBO6, 207 BRheR@bstR€ 203, or on both
transparent. In configurations where the substrate 205

surifages 2 @Qérent a port| on of the light 221 may be

ta:)g?ﬁc’ ure %lg glh%saraf gg fsy%t rg félru]%altcatlri%wgtbgosmont t\rﬁngtno Sgaﬁeesn

traﬁdﬁﬂssﬂ&nsdal B tﬁﬁ&bﬂﬁg&aﬁ&ﬁ theelyghd @o@@@ﬂt(}a@ﬂ @dot@@en@bﬂ:s %20 arc
surface 206, 207 of the substrate
posi{iped Q8oPPaFte prfaces30g W afghe e @9? a?b% h&h@ygﬁc%l@ girects

light 3 WBrldch R Do M RE B 205 DA HicRot B HEACAT SRtk Ered by
theploolt ekemsior Xl 52 2 hadlice ppafintdfoinelkdgioi?2 b ppGss ﬁleougthrthatrmparent
wep %moz B PROOTBPHL). SLIRTC ST AR0 R EE T80T Heht 221

amp Eifct R8s A arlald@ Juk@fttighdi2 is reflected by the scale
enments 215. "Anot her portion of the Iight 221 passes

t hr ltu@igutds & A araindh as et subetint@ 065 movesie rplhmroweths 6ixed positions

of 65 Jiet op @ AR IR in A S% 23t REn iRARE 4t ey Sltace

222.6¢ @B @h&Bsen@&r 24veis siBtatt 18, RO TTRBYAS fdafiré€| Bl Ikt frfensity at
the fixed positions of the |i Eht source 210 and the

theptebvo sufise £2200thetphetoserghr 23hive Hisi stcrs of ﬁgua@tZA/ and 2B is

S8 BRI S ATt ? L L 8 e
sutistran‘eent)e cgids dfe lidhe imhisitpacms @ﬁrf%@ﬁ%tﬁ&@lmhmzob be
ures 2A and 2B is illustrated by the I|i

mq H ipyoigalyh Tha phaspscriqy i@ dgiscts Phrclighs @? BYASIHBY ¢ on
cof b An® $35 P Fpdo8 pEBUE Bond Wy O IR IR i e
surﬁacn 282 iod eel photobtissop AA. oBlensatogaRdpwd et@alt genthaeed yght
photosengorrbleOar}la?ysbe used to determine displacement of the substrate 205.

In some embodiments the analog output signal generated by the photosensor may
be used to control movement of the substrate. For example, the use of TIR scale features
disposed on a flexible, elongated web substrate is particularly useful for roll-to-roll
manufacturing applications. Figures 2C and 2D illustrate 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
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correspondi ng si nusoi dal anal og out put signal that

tracks the light intensity at the active surface 222
wW@rooBhg7ephot osensor 220. The anal og out put si gP@i/US2008/067371

generated by the photosensor 220 may be used to

determ ne di spl acenent of the substrate 205. In sone

enbodi nents the anal og out put. S|gnal generated by the
be grvewykiiemr el pr By ¢erg frasn pder anufpgyiapeprocess. {Ae components
usegiucg %%cglgagg&)VGEEB?lﬁ ﬂxglll" gureg Pgna g?gj re I{;ﬁla‘? gcgj%h?)g{ ﬁﬁ%ﬁ'&t&? n
Flgmmstzpc mmm,wesmeﬁwly,fem:ept mlhd sytsmms @if IFlgmmﬂ(ae 20r ¢anky addltlonally

) i cati.ons. D illus te s )
mc@&ﬁtarsﬁﬁrl“}l%r%g 2%\?8 ﬁYe tﬁ%-?né%f y@@ tzé% 15 1m
mdnBH 'rél%&‘e 198h: ROS ﬁdsﬁﬂm@‘ BFth% flfgﬁﬂ%@'cetﬂ Ooﬁhﬁ%g rétitle %40 and

lective (Figure 2C) and transm ssive (Figtre 2
phWDdﬂsmSIﬁéiﬁﬁongated web 235 maybe unwound from a rol

compBherPaedEiT 00 R hpe-CE oL OReRITI T i 235 sphar e

retﬁ[bdw&@o% 84 B hlldW @fpoktnt JFaBEligHtlduStte @ tRphrll el @I BSto PAss
and 2B, respectively, except the s&stens of Flgures 2C

throughphe agtie] . tRageqis| 242 |0iﬁd16uf§@cla2é betmicagytheeyindpws 24loblock a
al photosensors 250, 255. The web 235 is in
pm%O%O?ﬂl éﬁ%tlve to the fixed positions of the |ight

s 0 u [0 ﬁlOZHﬁQ enfhodinindlcpRtdddh €124 12 antic phobosensthososensor 220
The scanning reticle 240 is positioned a

is 1§P?6?4 “Qﬂ tlal@ 5k Fheghrasgeondls rodBassysefl hgkein 1yangagt fogpfer to a
1oc‘é%16198f"€ﬁe ﬁﬂc]to?t{r)lsgy@ﬁ A ﬂoQﬁlm 1o udﬂ% o% k&iﬁtwﬂhﬁ ‘ﬁ?et sgrgté‘m and is

toward t Ss t e reticle
corR"@nr@hm r2de2veodefltdted hglttlﬁ'.dne 012@4& Ihelte\mffe]ﬂe éealdcakdaiandddon the

ortlo of he |] I n anot her odi
Weg aﬁweett qrHoRPh e G%ZE\%“ ﬂli’ ATHAB IHN RBEE ‘iﬂﬁlgql%%ﬁe gPCh an
emB&inlcht .I:é?lctﬁfe@ dn a@arkdpR Uy%inlrmzﬂg%o%érﬁlﬁgh ) vk Ia§so'éf?1|te!d with
as used herein is neant 'to refer to a | ocation of

thepihgtabbang sensedby thegphotosprsoxi Ini anybadgmente wherertiod stlsor is “off the

Mthin t d fi d t i. :
rolf kufoncal 1 0 Biheaanfy Meoraim pHia® SEEd cunigprgase
noist 6MBBLSRRA NS WA sovnan Fidige PDB [thoNgRfsolifte ineds &Rddplary
they are on is in contact with the roll. Such an

cmpadionhean bedaeptest ghove die wely a/hktlag@hwt FOWmheEFinganedies e
ex%@glgﬁ Jrqﬁ%od Iﬁetﬁ%gglﬁllﬁ‘(%l&(ge tw tu rg'ﬂsaﬂ%llt Ilgﬁ hralgmg %ﬁ%%g source in

osensor

the r@ﬂflts&lhesmll dn’ erﬁﬁadgnmsNoZﬂd fdmrcﬁmghl tBOtrhymisKaipbay (ds |&Qpla1ned
vibration of the web itself can i ncrease noi se of the
abgvep| ect ed light. As seen in Figure 12B, the |ight

SOUE%oHHn FhXS Aeﬁ 1?1332[%&gﬁ'}hllfﬁﬁhkﬁ?tﬂ&gﬁ{eﬁﬂ)hﬁed in

above t not erern, anot
FigexesrfA Ehr(yu@rﬁib)cbffm mhe axb’ahtdge oicdnudegdpheetwse tbe light source and the
We% ?1{] grggoﬁmentrs%lfﬂere t%\é Isgt%mzrjl 1sI olngrgh asnoeyl{ geﬁ) 1|s %ot necessarily present. In
such embodiments, changes can but need not, be made to the web or the roll in order to
compensate for the air gap not being present.

Once such method for compensating for the air gap not being present includes

altering the surface of the roll. Often times, but not always, the rolls are reflective in
nature (for example, stainless steel). Therefore, the roll could be made to have a matte

surface. By changing the surface of the roll from reflective to matte, for example, light
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the roll itself. Such an enbodi mrent would function in
the transm ssive node (as expl ai ned above).
wErwsdswent s where the sensor is |ocated of f redT/USD0&6067371
as those exenplified in Figures 2A through 2D) offer
the advantage of an air gap between the |ight source
and the web. In enbodi nents where the sensor is on
rays $hat arcgiptesgefing ypth ap apsicalreele skearant Gvhyielesagtloctive) eqpapore casily

be ﬁﬂgﬁghﬁﬁtf%m F@@/g{%ﬁ 1§ AferP b oRERAHAS 1’1 tﬂaﬁ\%eﬁﬁd toiz'gltemng

the ro I'n order to Conpensa the air
thersatfabeofite mlbwemiti Jbe@amks tlrehomatdnﬁfekeﬁmolc&or]‘m)e]msmboahment the

e air not being resent jncludes. alterin .
rol[ ?Péﬂiﬂ? magetepfve Aelaposqlon BEO A0PorhnE THRIE Tigbt g e\é%kctwe roll
(fok Q}@anﬁnﬁéj Bth bf fh%gé 8& mpYe Yoty 'nfbtmfs %B@ld(ﬂ‘l&‘éasg )ﬁ?é%n?mst between two

st al nl €ss st eel ef ore, the rol coul be made to
lighteraps @nmttt:recmwab en oplycat Braul@erlcngemtraed s»uc imc,rectufg whiethe roll).

roll e to.m f.or a htra

* hanaltEF e T E B RE to T o DChbeiodp P S48 air gap
betedbh et Wb 4RIfth€EdII. VENe £ cRcaRS knloMildoRinticht th Refd s ARdight

fromone which is interacti ng with the roll. Another

thahemdhm@gh therveel ang reflects off tleciolloBectuse pbihe rofedtive bedexof air
(Ver 61'5 C gy u egglbtlhat rn%é fl{petilﬁ ) Veg): ?h lﬁ Itl?at ?as b 'TB aﬂox';v'g&] ]Ehrougl'fl the

weBhor bhngdlcttirougt Gbtairtdagnthan ffﬂ‘febt%dbfﬁ/tﬁe l’r(ﬂl kheélfthelled through
exanpl e), Both of these exenﬁpl M%) nmet hods coul d
c

the; aicgapaagaing prel bishirpadicd sonele gpghvilhays adffent angle and

(dépglﬁ(g{l g{l :ﬂ%gcra%ﬁ% @ﬁz 11 %?l[heii\n%lﬁ oﬁﬁ%@qu@f&ent intensity

thaaaivpkgia athictgwhorefletted affrthegamldam;da@ ege:mmts s t O create

T BreaatlBlh Pehtindns (lcidghe Pk udalthe v 9y aﬁ? il by, for

exegﬁ’[ﬁé ﬁrgﬁﬁﬁl%hl sttltﬂl%tu\P@Qn é}féﬁbat’:@&f hE tvx%bQI) Erebfenti®hdintain a gap

Because of the refractive index of air (versus the
betwrte theabll ahdtherradbe HigureHe Avebbyvs ond exdnipginty madthod hfécseatmg such a

d,th
s EiEpredAR: T B O BE et PP sl St aho & HE Biher
exdrApRId! veshs tdid, ®U8Asd helales gpdirRERéd 7 1 5a0klch RERtion to create an air

travell ed throu&g the web again will have a different
gambefivecrati roldiepkingivey 3. t he transmissivity of all of

t he t

| her Lol S RS Bethl bFOSRng O1PBL ekl web na
the&bﬂﬁﬂhts&neﬂ%ld Aodif@a phdretiiedsndtdiehd wtb. Am seehhie thméqu the roll

side of the web could be created by, for exa

inchrdsy regrirgd Rodiops ¢ Q) that chttl%tok}gewd%ﬁ opIp Betis th@ wbeanddhe roll
at tﬁ@@ocﬁﬁbﬂ‘%@ﬂh@ o@ﬂ&"l‘@cé?@%l@ﬁ%ﬁtl jize roll and the web.

Figure 1 ws one exenplary nethod of creating such
a gap.se¢dminfiguree2 A 3kxpugn2Dywhb pﬁ%semoﬂs@désZiStmnmiugm atesent at

pScale g%ﬁments é])sg aélHe ot her. nRI i fied web d' d,
theyijiiacy QR Nesgas g wasBrardadoprloy it Sto
pr&iRREyElREHIRUN when the web 235 is in motion relative to the hght source 210 and a
photosensor 250, the TIR scale features 215 cause the light intensity present at the
photosensor 250 to be sinusoidally modulated. The scanning reticle may be used to
further modulate the light present at the photosensors 250, 255. Through the use of the
scanning reticle 240, the light intensity at the photosensors 250, 255 corresponds to the
two symmetrical sinusoidal signals 320, 330 phase shifted by 90° as illustrated in Figure
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gap between the roll and the web 205. Figure 13B
exenplifies another nethod of creating an air gap
whe2irsesi14 he web and the roll. This method node@ET/ES2008$1667371
roll instead of the web. As seen in Figure 13B, the
roll includes recessed portions 720 that function to
provide a gap between the web and the roll at the

3B| Surpytoignal tragking thq madulated lightaniepsifit presont atale sedgeciof the
phob RS 230 Ao By ARdEC Ihfe BRADRARAR 38, 233 RS ERS
positich.gener at e i ndependent output signals. As previously

d bed, wh th 235 t | at t
Che The GRS LeLoneut iy B pHOSeASaR O g e by the web
posﬁﬁéﬂ ﬁo@@;@&ﬂ*‘f@sto %%t%rlﬁﬁlléstﬁe b&Gidd &hhe Wab E‘p&l éx)ém%(ee ?%:};Jeb

e photosensor 2 to be sinusoidall
pos'lfh@n pl@acmom@ﬁOrreay d¢te‘nna§/tlb@ow$led ahd dfrcn“ctoh@lf nmbigha loAthe web 235

t ot
relii g R e ERR T A R R R BRI pECS Y BR Rile foptyies and
assoBaRAPob¥ioR indidHinp REMPERMSNS fthe SRten? 2R #Oh PESHONE O ®r both
the two symmetrical sinusoidal S|gnals 320, 330 phase

of élmcmse avebyand dows viab dirsetiensaday be duteymiea, Tiuinermation is used
by P RofFPELAR PRI BLE b Ok SRR R RS e

weproduced by the photosensors 250, 255 to indicate web
position. The output sjignals generated e
phoﬂ%&%ﬁ%@?@o%@m&zsslﬂa?eeh% SQUFSRSRNGPT mﬁtlmé Bhofgssnsers anay be
use@rfSP ezl t&ﬁgaﬁ&la? §1£1)(951”&11&ﬁlatr R ROGhL QP ﬂ%f éﬂ“ﬁld‘/@r%r
or exa position Brocessor 50" na
detdahiaing web paremposi tSystnma nidind inmet plic sensof ccnmbmmﬂmmfprm\hée signal
235 relative to g;hoto ensors 250, 255. Wth

rediEpGn a1 AL DY R ST B P B oS i pagulated

by RR%E tHaQdnk B C LR f&loéﬂ%i%@?@éb%upﬁ td @(?fe%ﬁﬁése ”Fhetdﬁ?pu}ﬁ@f%nal from
position in one or both the cross web and down web

a sdisoeuRy BN 2gRyr dikerdetearonibmecthe Thdrgy mvidolatmltiyghe insiltide features.

by the web notion con |ler 270 to,co tro
1f 4 Y agle S b S Fitire e el RERPeRipa By R, the averaged
ouIPQSh AR YnsrimAW frhplcedl | ght sources and/or nultiple

phot osensors may be used for sensing transl ationa

and/Tee seagyfeptiresanapingbidpiongitpdinglheariwsigcd feptees. fagerally arranged
fea%gse &ncJL EH na¥fom. JHHo ﬂﬁ%ﬁg E%hna%r(r atng %eﬁgg grg' %ldtf%ﬁhl%s As
sSensor conbl natl ons provi nal a

illustratétl Gh Rigues RBr 2 dr2D Hﬁdneséﬁﬂioﬁmleﬂtm S50 ﬂes@rd)@dﬂuf@ 1238 ,may be
energy i s nodul ated by nore than one scale feature,
X

arrppged dQnlppEig dingd dispRropgentngasuicmertson tpRE0SRqSeMm 246y both
surFd 566 %@'?%?Ehe’%b FSLIRG8 o ?'Ilgﬁltl[éaﬁ W58 SGREPEAEBts, as

ener gy ‘nmodul ated by the nu eatures
illustrated in Figures 2A-2D, are configured to detect the energy modulated by the

longitudinal scale features 230 and to generate signals that indicate longitudinal
displacement of the web 205 and/or may be used to measure other web parameters. In one
embodiment, shown in Figures 2G and 2H, a set of scale features 240 may be arranged for
lateral displacement measurement on the top 207, bottom 206 or on both surfaces 206, 207
of the web 205. A set of light source and sensor components are configured to detect the
energy modulated by the lateral scale features and to generate signals that indicate lateral

displacement of the web and/or may be used to measure other web parameters.
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If a single feature, or even several features, are
damaged or obscured by dirt, the averaged out put

wa2@Ras76is m ni mal ly i npacted. The scal e feat UPEBUSNYS/067371
include longitudinally arranged features, laterally
arranged features or a conbination of both

longitudinally and laterally arranged features, As

i || d&e peleraturesa]lsiraast inEigives 2l2H e Haear dmswslarerpms.gvhich
e 3% 168 pftch SR BB IR ARG & oyt a fow
mifrohg. oGoiR@6icat dlmenhohshfw tiri§ ape »f pem idideod prﬁdmepmﬁbof about 40

205, A set of ght so d sensor conponents, as
“n}ﬁ‘l}dlﬁs‘ﬂlﬁté’t“‘é’obqt‘ﬁeqﬁllﬁlﬁl@so 2]%\ %Bl’é?e configured to detect

t he TeRaLaYr yoad %@ft@cﬁnzﬁ%n& MR PRY] f@&’t’uﬁ@ lang E@Ih atible

features 230 and™to generate signals that indicate
sourogl @msmohondilnaﬂlosp hldomentonindofatiphef mgltﬁdlﬁalamd/lmrahwb be

. used fur.e ther. web

disB BTN o1 o QU iR PR St piy e Bpveg ity et

lonfoRadihIED 02ha 1418M] D) alcXBBEEs ldRposAt AN tBé toh StPthaCBITEsthe web
measur enent on the top 207, bottom 206 or on both

205 ulhabasitadea! apd jaterpl schle f@@breg @SO Mng legr dipppagkd on opposite
dBPHF &% A0S S0S0TCOMRINENL Spal & AU BHLARIAR HELSGH

ener nndu sca

feat@e gBING LA Bresdigpdsddsort tmatsama dide aF ehel vadbe2 (|, t}ﬁysmdy&bﬁﬁehd
of the web and/or nmay be used to measure ot her

cheskerhepiddragernre 1@‘&%‘]*‘@(1% Ktayresl i Thedengigiding! prd breg@}rf@%tures may
|
be g&n%l?’tear 11Ldsﬁ§tga dﬁ Ff ﬁf%gﬂ 2! %goéﬂ%}lse%'a@tgnﬁm{%gﬁgfgnmgf discrete,

prlsn1p| ance’ I'sms rang

distenrebted lprlamﬁ eIml mmfremﬂmdnﬁ:exrtw ehlé endcketbomd patera niagrintlods
e of itch of .abo

regégl‘g lp%?@ﬁg mﬁ BVt degings é&tﬁgﬁﬂgg’?@?fﬁ

fedAREN Iongltudlnal and | ateral scale features and
conpat i bl e source/ sensor conbi nations allows for
i ndDeteringratiof of corgintiongli welh p@ﬁt@bﬂ lastitgai integinl TIR scale disposed on

toeyv LB ar iS5 e mORGTHo6 s P e sap ol petom

feah@bEMmAnc 4@ nsidbLofl RBEEIOS nﬁhﬁﬂ@@ﬁd? @fép§ hFoﬂeGl ?Lér frRCER
207 of the web 205. The |ongitudinal and | ateral scale

scaledasarieas! iIpPoNneEHON FHHEih tb@emb@,cb@@@@ ob theoPisdesiureproy ided heein may
be FLE%% t%?d gaQé I{tln H]llst \990 g o> I ﬂl% 18&1§é¢8)% Qﬁ’}géb éJOSItIOIﬂ%aClhtateS

ater eatures
ahghrﬁm $)€1dve@ﬂ rﬁqu)ls daverssofgatteh féeh@reyvaépoaﬂéd oit dtRytwigyformed on a
formthe checkerboard pattern as illustrated in Figure

web during a rolipgralmpmerctamee praeess ailhe scdqdessribrglhapen is particularly
use%ﬁl%?ﬁﬁﬁgfa@ﬁré (Lf{ ﬂ'@ﬁﬂl@trﬁ‘a Il r'efé\:l{rSmg %l 2 ca'f'ﬁé’wgegrma[t ré‘(ﬁllre

ternating pattern O |scre e, onnecte
mutipls depositionsoaps te fadpmdiunensise lalyble of Ipeitdce fhoarsopaticribie web.

B PGP RSP Sl S v
bend radius of less than about 100 mm, less than about 50 mm, less than about 25 mm, or
even less then about 5 mm, for example. The small bend radius allows fabrication of the
TIR scale as a roll good.

Additionally, the approaches described herein may be used to automatically
compensate for changes in web strain that commonly occur in web processing

applications. For example, in some embodiments, the scale features are deposited on the
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features. Determ nation of continuous web position

using an integral TIR scale disposed on the web nay be
weapBoyw t o control novenent of the web duri nBCT/US2008/067371

deposition of pattern features in one or a nunber of

successi ve manufacturing steps. For exanple, the TIR

scal e described in connection with the enbodi nents of

wep ﬁ@bscﬂ%%@llb senrspdy VB @ Iy of wehwptiga ferfwgs.such sidhe A layer
o S8 URLIER AT 1Ay T LR e S e
theadcalp dt dtercn af etht uméqwdemdsath&d agy dapbh&ldwhs @aftem rfmiumm aidd the

during a roll-to-roll rraufacturl roc SS.
salg, %@@r?f FiEEa th?eﬂ@@}%ﬂi%mb Yeleairan [rgBeen gtrravon he scale

feaﬂﬁ'@yﬂ‘n fo 1&dab aEéu‘%é&sz' tBrck T ﬁdsn oY rtheefn%ﬁa O & Rlitern features,
optical devices that ‘require multiple depoSition steps

regaulléso ofrtleucnems Df ech styan s mfosqzmnen‘rqnncefswt Uthe scadq faatures may be
flexible web. . The TIRscIefea

ma
P Sesbipl el lerrl R’ 1pEs T R P gir rotaon
of ﬂl%riﬂstrlé’ﬁir Wb Pattb@ToathRa gl alets e Hﬂﬁbuﬁt@)‘f%eb RaBindR Qbsequent
| ess than about 25 mTm or even | ess then about
prC@e&ﬁﬁ& for exanpl e. The small bend radius allows
nggrAltslcgnla aln 18 ri]clgeeag%(%) & %lv&?eb est%ertg o'dlc{nt%r%?gle scale feabures are

stretsied dl&hga\blitlﬁ) tmtdoﬁabﬂomdﬁ@rwwmbﬁl features Famgeison the W%b This
strain that commonly occur in web processing

p %mmqne&@ll@ﬁ%therse%le é‘%@&ﬁ”ﬁ# © bejuied fporseyRisbhirack thpgosition of
feaﬁﬁ@é &e ?i?édl nthe @v{?ﬁ ‘ﬂfsﬂl%ﬁhé ?%1&5%&#@%9 aééb?&&n%@t\x}lﬁll \!'a¥10us
a er o

Concurrent tern features,
embodimeas lteMn faccm'atel azhgememtfwmme mahdneremtljr eatulsequendgdeposited

o formnulti-Ilaye ctronjc or optoelectro
we M@‘@?eatw@s £3Eb %@r 5 SYA Y B fﬁﬁav e Rk esa{/ltds}twnal details
reg@ﬁﬁﬁé’fh‘é%s@BFse@%ﬁ@ﬁh&@% mtd'&%teotﬁé b@é’lﬁor{ §@&4 H&ﬁ@e@%@ Egibgcts of
scale features experience the same anount of

whathrraanbe wisedtim cenncotndni gith ambodimentseofdlapresdng dtsglloelsremy

be, used to accurat r.ac ositi efl
praigaT S gt R, b ERAMTEaRa bt hr ARGy R bicet No.
629548002 stile@icBndure B tH SEHUBNpre i@ ﬁﬁ;ﬁﬁa@ﬁon , hhe uﬁ,%ﬁid?ated hereln by

features may be used to accurately track the lateral

refaf@Q‘Pﬁtl on, |ongitudinal position, and/or angul ar

rot % H)nglfly élh%h E’Ilial,’tl%glg t?%gweﬁﬁg fRahd flaRta 181‘?8@55%1&10{1&11

regar ess strarn in

dlspraeaﬁa&aﬁd/oASngmm r6fatiéuh Bf 1hs web¢the asste nfaly .afso Hehsecvv&hneassure
stretched nore) the scale features are stretched al ong
vaijgusiparaneeters of BS et fEn bk cpareneant serruiding the prkg Fencxample,

as %1'3815!@%1 n mdth %eﬁh%@w '?1%1 Al rﬁyl&é %d & ﬂlegsufr@ q‘xﬂie%%utre Omodulus

to nore accurate y tr € position
of éleatcuj:yefﬁthzbapds ah&/dr onb stenweb. Usi ng the scal e
des%rl e&l gecor dance with various
igure 4A'is a ow iagram illustrating a process for indicating substrate position
using a TIR scale in accordance with embodiments of the disclosure. Light is directed 401
toward a substrate having a TIR scale disposed thereon. For example, in one
implementation, the scale features may comprise a series of discrete prisms arranged
longitudinally on the web. The longitudinally arranged prisms are configured for light
modulation that can be measured to determine the longitudinal displacement. In another

implementation, the scale features may comprise a first set of prisms arranged
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enbodi nents herein, accurate alignnment with the
concurrently or subsequently deposited web pattern
WO 2@BOs®$Y can be achi eved even when the web i sSPCT/US2008/067371
stretched. Additional details regarding the use of
scale features to indicate the position of a flexible
aspects of which may be used in connection with

lon@ﬁb@aalﬂaemdsa@rhef Kt of pasBherrenasd laeiate, The ngitedingegdilgeral
|
TR RE, e B3 a BB 5 BRI ity e

dlsplabé’mtrhe)f pgreegénindappy als@bt osed taddtcrmino thxoamgiad rdtetncm of the
y reference. Additionally or alternatively to
Wedroviding for the indication of translational

di s %@W&%@QS&‘ @®e S@J‘Qﬁioaﬁlafe%tth@ﬁ igfdidhed Y@@ard tEsubstrate.

scal e may al so be used to neasure various paraneters
Thomoadhktaddighors sandeidel® bermnhotrsemsotr asdiar outpati sngpat thet indizates

For,k exa as disc n,nore detajl below,. the
sullaie B tlS i ST A0 B PR ATt et Hhig PGpach. one
mo®t Asdrb &Gl dfire@iorh BE tHeBRsb ARMeAhcad@Rd S Th&bitpulfiigiHl hadHrévide

a fIOM/dlagran1lllustratlgg a process for indicating

CoRfUlQTY @ﬂ@ab@soﬁ the hongsthdigaladignl eseal, éhd latesdd slowptheament, and/or the

nts of the disclosure. Light is directed
an%ﬂ%“Pg gkggsu%%trate having a TIR scal e di sposed

t hens@ievidBly éxarpddein cofingetien wWifhl REEO BB tHenRigrahaissd & teack
features may conprise a series of discrete prisns
weh ppsifige @W&ﬁ@ﬂ’fl%iﬁlﬁ%ﬁlll@/c%ﬁletsl*@aﬁe pChesHe and sgsincisiepals | y

ad\taa%gagggtgsﬂy @Edv? H@teﬁﬁlﬁ%t‘f C?%ra%g ah@ E‘mh 'w%%oﬁ&‘ﬁgh” PfrguféMB is a

€ neasure etermne t ngltud
ﬂod/i cﬁ@gramehmtanng 2] naanlmdwbr dd:tﬂ‘lmhlﬁngrdoaltsb amd finbhereb patigon in

ac tures m S € Irost Set ?f 1re r('{541 ard a substrate
Cé?if TP t{} diselosat high a%e 0 dome

ha@th F0Y %jmlr% @i"s@s’eé{' theld¥f. |T%@Q'1ngétﬁl%k rrﬂﬂﬂlaltéﬂﬁf @k light directed
prisms are con ured to nodul ate light f

tovehard @rerubsttdtonTlod mbéudgneti Uightialsersnd 48&ber @hoiusgpblaamir@ntt and

secRhg e Tardt P g ed B st Sl s R C RS gotifop grrmecton s

apSifedl 480 MIUY lft £h gD fitRepHas g B fted b@phiedodaWacalctiRRd 460 and is
substrate. The nodul ated |ight is sensed 403 by a

usqsHe tigsle ﬂ%%ﬂleaﬁ@rsaﬁncbﬁnqmsﬁsqrwfahe et i ndicates
su b%t %\gmﬂs{l}; &é&%?{q&e fe dsg 0P% ?1 %) egloﬁgaﬁe(p %%ﬁ ﬂa\Q Hg EE ﬁltegral

sense roac

scall¢ ‘sq)dﬁmuafrlytaldeam@gboaafbrmee meesiuoeol] mﬁhefaemtnﬂg tpr@deggeal For
provi de continuagus indication of the Iongltudlna
examl&la the Briegiel scelpanaydicasadl IrapaspioaignBa i ed af%l‘%‘?u f¢faring

prcﬁ@&% Hat feﬂfn‘% hig) nﬁécnt b @éﬁ%&eme Y FR %§ YR 8¢in the

I'n connect1 on the signa s us
forhmasiok of layered electronic or optlcal devices. Web positioning using the integral

scale as illustrated herein may be used in the manufacture of flexible circuits for low cost
electronics, memories, signage, electronic paper, displays incorporating liquid crystals
(LCDs) or organic light emitting diodes (OLEDs), or other applications.

Figure 5A illustrates a portion of a web 505 having an integral TIR scale 511
which may be sold as a roll good 500. The TIR scale 511 may include one or both TIR
features 512 arranged to be used for longitudinal (down-web) positioning and TIR features

513 arranged to be used for lateral (cross-web) positioning. The TIR prisms 512 used for
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web position may conprise sine and cosine signals. The
si ne and cosi ne signals advantageously all ow
walzqoensienat i on of a coarse and fine web positiRCI/US2008/067371
Figure 4B is a flow diagramillustrating a nethod for
determ ning coarse and fine web position in accordance
w th enbodi nents of the disclosure. Light is directed
longitpdinghpes ioging ase pirgneed s thah depres olthe origys 614;1@@& apjangle, e.g.,
4
I PRERC T o 4T GRS R A akEofalinh AR0d A ghe T prisms
513 escledr WBOallppsisiopingtaosanaged anthat thbsakemfdhs paonds516 is at an
tput nal hase.s fted e.generated 440, A
an o&%ﬁ%%al oyt 1t§t%$%aédhr&st@n ot e%‘géé geht
Weg)‘scélg ?olpg@o'ﬂ Errsiid: 566 nfagtbe lﬁ%ecﬂngﬂﬁh@aduﬁlr%?ﬂrﬁé’és%s%ﬂﬁ@g scale
IS U to track the coarse and fine position
51 bflsetdhe preehde Psitpmanfoonstign Wi fsolisseidrmate eofgattafn faatures on the
%Iﬁgible, el ongated web having an integral scale is
wegR icularly advantageous for use in roll-to-rol

man Wil RedaukE19 JasAN QG RSSER FigiRe SBXaFM] goodt30e rhalt @@fise the flexible
scal e may be used in positioning the web for

wehafthacingen ngegwloﬂé?s@@@ SIAgdongewth » &rg |layghn*éw:b pffeirh fpatures
52(? u%ﬁe Y& n?]]q e ecﬁt fDs Webs%()h c%n% ?ntgl w1th a ﬁrst layer of

1on O rontc or o

weprtt@ﬁseattmm 52@ ou $heﬂl§[H feelei Nt egd de ﬁﬁﬁba&teﬁs features 520 may be
illustrated herein may be used in the nanufacture of
formeéﬂnﬁh%web PRI PRIl M ircbwingeytenst ridsicenfiguratingy efeiswed 506

hafih% gﬁec%’r tgcg%égﬁs&@gr 161?% gigs:t %X? 1‘;}{5 ﬁnaq{eﬂ{ fegglres 520 1s

pamillcﬂ)]dﬂg hél@ﬁEE]s kompﬂfns@tﬁﬂgefor apmshenl at pem&melﬁl dgjmeﬁsl(ﬁﬁl changes in the
#Ihg strates a ortlo E 505 having an i tgg@%

wePRO dHEpE SUgcesp ‘%Hi%@ﬁ ﬁwltb)éls PIIPXGEPC PRI 3GaS ¢ prone

to tEA§od l;vlﬁloi%hs%éé 1dnbRmyr 4tk lgﬂl%ﬂ&@@ of 5Xﬂa9516n L& tﬁ@ﬁﬁ%ﬂ es

512 arranged be used for |ongitudinal (down-web)
prasessirtg, emd/aigtoabsbrplien dredtsompaien 61 & atwr paothedsa wnbe makmg layer-to-

g Yigi e PR SN TR Rl R aoer ¢ BHERg! Ared AP UGy Tagerof web

pattdi Featli€s SPsre @bndub@nidy FsiiRd Dallnhenedf s%Bse%lﬁ&{tQieF@sxi@ons using
substanti ally perpendicular, to the |ongitudina

thegnteatal {THR sei § hieprmsisles agomatie compensitiasnier shapgesagvhostrain that

coélﬁﬁtoﬁ%ﬁ'clccﬁlol%ézgeg)oﬁ'o@e%tﬂ%g%p@“aﬁ&gse dAssxgelS g@a&nﬁ %1%5%%? )goé the web

is qpetdhed eHoee) thg scateacléhentt atearalcheld aleﬁg v tied fiksh Q.y@ﬁtf web pattern
517. The web/scale_roll good product 500 ma

feafiesyiRRmed ex thei - pW@@%&@é@ttwntfﬁatmé 53¢ ands Yelffatagf‘éélilém
exﬂo%?fé}{éedtﬁe QQ{ﬁ HirhsloRhi0H 'Jﬁ%és% Eg f&ﬁ{"a'tlkf 5l Bwh Qﬁen%%tafquagcures

pattern eatures on ternati
512,1518s6 matreaccurtdly guclethsBosition of pattpow (eabifds Sm)yde@ommdloslehe web

Sob B R TR YO . A0 LR AL SRS o o
surface of the Web 505.

In some embodiments, illustrated in Figure 5C, the scale portion 530 may be
separated from the portion of the web 507 having the pattern features. The scale portion
530 and the web portion 507 may be sold as separate roll goods. The scale portion 530
may be attached to a different web and used for web positioning as described herein. As

previously discussed in connection with Figure 5B, the scale portion 530 and/or the web
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520. The TIR scale 5 11 may be forned on the web 506
concurrently with a first |layer of web pattern

WO 2@Bas®e 520, or the TIR scale 5 11 and the wWedI/US2008/067371
pattern features 520 may be forned on the web 506 in
separate manufacturing steps. The configuration of a

web 506 havi ng an integral TIR scale 5 11 along with a
pottion 07 mpyepclyde girdhssive 88 Teurdhesiye §3pisipgrticularly useful for

transient or
ot B orlh Batle d BHAERTRARSEL P (08" duri ng
sucSedsd ﬁoembehye flexiibpagatetigrse pdraculentynidfe, wigal thegedre attached to
webs maé%/ 6 grone t 0. tension i Eh changes | ength of
a bg JUOMEAS hP PR RARFEIHHIOBEBENEBAY Ben flpchhgrsales T @ machine or
othRf QARE Sk Rthe @ﬁ%r@ﬂce if? t&%@fﬁén@ Bf Qfengﬁ%QPQ{SE&WCQfE) between the
wat er or other solvents, making |ayer-tolayer
sulsstraigramd e giakef iFou bxamplagfia vory rigitRssdaiseiséd dteusrcels vl 2xpand at

513 h n.fe 5
o e RSRe b Pt PP s BRE S SR ARG (CT e~

CTHERASH HART USdaNdchitB. IMthe %a@é expafd$ied tRaPthb kubtRwd, das
automati c conpensation for changes in web strain t hat

reletoietioetisy tomensee; #s thebcale bde é@uswg appvillcdwppni®lloyws: siratght line.
Ho%vte(fgr i tkéc' scalc e:rz)%?c?s rnére t V\sﬁgtel the sEalg %v(i\lli]?% 1nn$ rrgasr ssion,
ares t ehed “ar ong Wk th e fIr

and @d/cﬁiﬁor@ﬂ fcweés pagémracd tat ﬂéﬁ@& bukretle @crald fe. l\l\iebcaIWbﬁﬂs to
the pattern features 520 and scal e features 512, ?i
ripplew pleplare)t Hoe sampreasing Fstoeraerattbin gesodlys) Agh (area) strain.

for iﬂaetxﬁ‘tﬁg séaies%lltﬁ&ﬁnta@ﬁga&ﬁle %m{hesaa'hld{l z acgtﬁmeg%?)f bR disclosure

nor e accurately rack e position 0 ern features
hax20T BHepbdsutt etdmenhighe tiabthd Ogicdlly wsodetcdrsbalds, tanhs/e nhdtlus of

elag%?ya’ag)gu Otti{ggs:,%g%ecg%gteae??p%iﬁ‘éx&hlg ?%tgfr&fc%gg fllgorll.lt %8 times smaller.
Thbd, YRk &did dbsgﬂﬂ%drh%ré@ma&m)% b%ﬁ@écﬁto@%ﬁ%ét% wRAoRYenPEcant
séparated fromthe portion of the web 507 having the
bugdingeallowisgathersesle tamersdasely fackt thopoS8en afnttic shlestrakeh
arate ro

D oa P iR B S gueiu Rk NRE g robrardly BT dhe dpentar

arr@Bf PEeeli s Fhie R RO iyt reQTdun Gt i8Pohesis td Makk N&LiBlicRealédsnuch
previously discussed in connection with Figure 5B, the

largerdhan ssaict PorcBIGVaRor Fartreanilspiis pemibbO ek scales that are
mlfgg? nléq)stﬁa@ QQH'J“SG uﬁ ?%%T B?g adhesi ve 555 is

or attaching the scale portion

530The eﬂ;bddilhfeﬁfs&iﬁcrvb%b hefedi in@sbapliglacSRahtasaltOhame OIR scale
flexible material are particularly useful when they

feagyres wéé%ﬁléi&afeodlgplwg@ms%wbé&r@e Bhescosiises way Ae P@ﬁﬁi to indicate
theecﬁﬁgr s hRRESk S\Nﬂﬁfht@kt Elﬁtﬁﬂg Ql?u“f i e C§VIHQ c@'ﬁﬁﬁﬂf}ﬁg kg of the

strate Is't e Inthe coefficlient
longftudilhelr(da'bvne»(qb)a,rthe hlher@l@ﬁ)ss-b&b)!\wtlctth endobtht nagdarahisplacement

or S G5 Gl SRR S G B P
meaURShERE vaSSushi® Sfah&eRhANILSoR ARG, panBitidrs R¥ich
de]ggend onsd(l:r?llefsm-nal changes of the web, such as temperature, strain, and/or modulus of
clasticity, may be measured using the scale features.

In one application, the scale features may be used to measure a change in web

temperature. A change in web temperature of 67 causes a corresponding dimensional

change of 0L1. The scale features and sensor circuitry can be used to measure the
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CTEsubstrate)* deltaT scale length. If the scale
expands | ess than the substrate, it is relatively easy
wQ oosasiage, as the scale is in tension, and w PCT/HE2008/667371
follow a straight Iine. However, if the scal e expands
nore than the substrate, the scale will be in
conpression, and additional forces are generated that
dirpeatonglchgnese 06r t Rl deapeinrmperaiie ok g Meby éhdra by derived from
r The conpressive force generated
the; Ih&%kﬂ%dg%{n &§ T%i ?ﬂﬁ%a) strain. Flexible scales forned
i n dbaescalkafeamray iy banded s neadod ivee strain pthe tlmeunt of deformation
sure have CT bot 5 ti Shl her than th
cattsgiﬁx rP?/ﬁﬁg%taet%lFégT ¥ SXppe h‘éﬁﬁéldgﬁﬂ%f) %%‘fglt dinal strain,
as ﬁlle%%tb' HalvEng a%QRMtal }%Qgthtdf 'ZEi§ sﬂr&@&dtMg 1§St l@ﬁélttﬁi?{ﬁill 2\5 axisN e web
net orcelsaout times smal bl e
lengthad henglesdyrdlbecbrh erfEstderrmly Ihgo bcsn@tfmi lt:mgtla lau Ei"élt rllat:zar strain, &,

w t hout significa uckl i n [ | ow scale
of%rl%ng{qug%@ Y St 1S 66%1??3166??3’0% & E‘Q? |S‘fgfflg a Ogﬁ the x axis

aerX|bIe cal e t of. ner.
ot RO R I BEY §ﬁ oS4 R0uG ey aif# fis PRI} e »
dlréétbbnra@ asPpdint d1bnd BeRRRS 0L @yt O MakR shbet & s%e&cs?tlafh takes into
much larger than scales curréntly avarlable. For
acENANGYfEmation lafonp ®oE thk Corde@uamkie s &:dk esd thladteal @) BkiseThe
long with widths of 60 i nches or nore. The enbodi nents

crip N DVQ spl ac@ngnta%cal es havi ng
angﬂ?% sca?a(iri Pglgfatrlgépodse atweb i ca@);e d@§p| acenent of a

substrate. These scales may be uséd to indicate the
di sptae érmpnts afangod &t bah de, loagitildél’[ada (Usefl ldtetab(ypdoecttbas can be
contlnuo s trag @5@ g of the |on tl{%ﬁnal down- we )I
usqdh, 210ng FEPRomPaH b STk OGS P B ComBe i A g dpeitudinal
and|5Rh1ARESTRA 0N ofithE weE! bThé‘éQfefdrﬁﬁﬁl)ﬁstaﬁBe used to calculate linear
alternatively, the scale features may be enployed in

strathelomgdkar ebnexiofs wall ipargullor phaaastedier s. I n vari ous

chalbet B H B, AR et i R IR e B R0 Bcute he

modNRYs QF clBEiHyU SThe im@udstrh&) Ee/cawmafcecb@s H&aﬁkﬂsﬂ%tﬂ&% NBhus, using a
the scale features. In one application, the scale

kngemfareeandmgasseng sl stroinrms dsseridedabtvanthe madulusiof clasticity of the
Wegm erafure. eﬁ change in web tenperature of dT causes
EorT rresponding di nensional change o dL . The scale

f eatrue FIR 36ule FANBE may b@ ﬂirin%& It @omfic YeBtratebyRRIBUS &chniques.
t hedi nensi onal change, . The change in tenperature

Fopexapde, Wepscalgtfeatiiey sy h@&ep%@dpf oierHiee fms padhe subsirate by
I T N e
scriynd, abéng aintiag bevthbeschdiguaseb. For exanpl e,

hav ?—41%8%}%5 fortorine I?‘glﬁgtsﬁdlﬁfg?ll@ S @tveﬁsa%uaﬁaf f fodler that
indRRG tHUERNRh e (XAtuRY bBthe sBAc Wekgative relief. For example, the roller may
include a pattern in negative relief of the scale features illustrated in Figures 2F-2G or
other configurations. Where longitudinal and lateral scale features are used, the roller may
be constructed to provide simultancous formation of the longitudinal and lateral scale
features.

The roller makes contact or is held in close proximity with the substrate and is

rotated to form the TIR scale features on the substrate. A material used to form TIR
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| ength changes by dL , froma first length, to a
second length, L2. The linear strain, ex, of the
wo 00gf1setd nal |y stretched web i s expressed by BXI/ES10p8/@7371
The strain along the x axis at any point of the web
may be expressed as the differential of the
di spl acenent in the x direction at ané\e poi nt al ong the

feagiyrpsmarg e denpgiterkon thepebuisnAngrrotiion REde ralerdprng télre ddR features
in %Qtn?até’ar?a(f St &ﬁﬁ&p@%ﬁgﬁ% ?&%‘1’9 Q&ﬁﬁbﬁgw éhQ 'tér{é?'hﬁ?'be

axi s an at er axl s e an ar or
degds@ad o1s theableraind almn tmmsfet‘redffrom the boll@y te-the sIulbstradg/toCchomplish

oS ol B, B BARE B N o
cu&QEﬁﬁ&ﬁo@ LEHERGNGY op %ﬁl@ﬁf elrapk n?a@&*%{l 1), b)@é[ﬁﬁale to

measur e | ongi tudi nal and 1ateral defornat of the
webIn s'dmesmllﬂehmtmmﬂsoﬂls rohoy nipy addewnaldy maluclalpatten features in

I d y .axi
nesaiE e o Pl oy REh e oR0G 4 SRR P Shvo Rl e
sutsbehRramtrbtared Ohe ?Q@erﬂ@&tﬁ@y aR@oHELEbntP fErlcdWnah&sirfiRe of the
nodul us of elasticity . The modul us may be cal cul ated

subgtrate aleygrwily the seale é@arwresrhlwthqnsﬁnp@n@nt@ﬁ@m firgfrape seaoad rollers
arc I%Sgg l%ﬁe I\A@EI‘ éém?rﬁsm aﬁlgdsgﬁclg rfegl?urg abovgﬁve&eﬁqug%ﬁecond

el as
rolfg aheng &&tmgﬂsvdﬁﬁeﬁlﬁttéﬁlrfﬁﬁdrdsn The s&ile fheir&ubd tthapRtchy
various_ techni ques. For example, the scale features
feafigs way be perauiierthner ssanatiply dommsdpdhe pbstate é‘é@gtﬂ?eaﬁ@t and
sedd¥d pikast and cure process. Alternatively, the scale
eatures may be forned by enbossing, scribing,
abl &t yetg, fuphérmmiphagnontatiohhefirst eddlenisqused to frmehdoel]of features and

I R scal e on a s te invol ves, the use
a ff’éStrSS‘i ‘?q%a“i’li‘}&R atjines P Geurfpgsed 'Fﬁ @’é‘éﬁ‘té ﬁe%??}}de@ﬂﬁlf 1S {Ugy to form

a s@&ﬁ'd%et' JF PARSALEMErcS 8h iRf subGiBlte, %ﬁé’tm & ad HHosd ﬁ&fac%y the
Include a pattern in negative relief of the scale

sulfsgateu e ¢his Inhplemerttiaeh, |thn3 Séalglfeaésreﬂ mag Geawedddienmine web position
rati.ons. . \Were di | scale
to il KGR B oSl st SRy 20 SRR o st et
of PAtRYh BQtgégrul t aneous formati on of the |ongitudi nal and
ateral scale features. The roller nmakes contact or is

hel Higuge ¢ plenses Hrids viemof agortion ofes lligs@@lahayingn bR fatures in
ne a?tvggeq%tf k%o k%{ FHI ér : agédagm g Tfllgg%ﬁ%‘?%?%ﬂl?sﬁ{e}ges Nnoate t at the

dirtle sk bethiOmwlIbhere grdasly read gcaunet trod‘acahtamllaﬁtratti@ﬁ olfoﬂd Ieﬂer In
forns the TIR features in the material on

thig grenadtle pipghs refdhe VB §ea81fre Rerkstis eheat #Q um %1 thatistangg. 4,
betFR¥n B fgﬁﬁf%? id SbuP LLHF alt ﬁroﬂ?e? @alh@se{%r?rp?? 21&1‘?53? Hused.

fromthe roller to e substrate to acco
Note that although not shown the roller 600 may additionally include pattern

features in negative relief. Operation of the roller concurrently forms the scale and pattern
features on the web as described herein.

Figure 7 illustrates a system for forming a scale 701 comprising TIR prism features
720 on a substrate 705. The system includes a roller 710 having the TIR scale features in
negative relief 711. The roller 710 is configured to be rotated when in contact or in close
proximity to the substrate 705. Rotation of the roller 710 forms the TIR prism features
720 of the scale on the substrate 705.
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formation of the features. The material may include a
resin, a castable polyner or a curable Iiquid, such as
W@ 200¥151619 her mal |y curabl e material, for exanpP@&l/U$av08/067371
some inplenentations, the roller may additionally
include pattern features in negative relief. Wen the
roll er makes contact or is held in close proximty
wi t D $qiee cQibigraiions, arryraby makeal 14ds 6&?@1@@% fipagg @.%f‘élser 740
r r t I
onfd tﬁs%;tggat%g og FH% smfs‘ufaé;1 Phe Scrgpgr ;flslga{)%?eg St@ rhﬂﬁe TIR prism features
in ﬁha‘mﬁaeesmwat [ Opﬁonaﬂlly[ gt spstemsegondudob Icemmg mteomsﬁé)dhat includes
the first rolfjléer co r|S|n t he scal tur

an GRAEY PRHECG eqnfighredia FOCT8S) $UE aha ‘iaﬁ@ ﬁl@ﬂt heat, or
oth%ﬁ&ﬂiﬂr%ve%ef Wit P@tks ﬁfer}nét@@;l%%n HDG LS Eak ‘?oé eat ures

e pattern features may be concurrently or
seqlbntiagtdny of Bigmed dovwshe aftoimsterat®dusem @f alvpstémfeit depositing

o ARPeRERAT Pub % wiBudy Rup ettty T wIFTLE e e Sou

TIR iséa3¢ feaRiresof 1 IRAURIENIBALME 832 AMncdafiW fcfiEE Rtafidifof the roller
substrate. A second roller is used to forma second

81@ &t copfacpat elesaprpeiatiyresh the subdrasudidy soarerenslydhrrastho IR scale
feaff‘llr]reo ar°’ | ttﬁ §éﬂeﬁ‘1?ﬁ%tu%s ?% e%nét‘ﬁ?%ubs?ra% 80I n this

EHENL ures may be used

d et &1 therRenboeindgoshdvom Rigurb®e thel TRt @ishRr8T8tand meqfattbhﬁfeatures
second set of patternfeatures in registration with
82} pis fpympad ofdhe sapme waterial 4 dhdigpenser prengesdhomategial 841 onto

theSuPGebENE Qﬁbsﬁat%%rog' e ?éll ? %t%%g ?c{]fo%grlé%?ﬁieﬂﬂsﬁ gﬁt‘ages in the

features In negative re use
mataiahB4l . TORi@zHl gtho vy sters ulzgtindtide a Nﬂ‘h@ dtdtmh §S0ehat includes an

di mensi ons of this roller are reaf1 %/ 1exagoger.a eﬂ to
engrEY. SPYrESEQTIENIAdP PEYG T B CPREYr BICh & vt t, heat, or other
ené? AR chJﬁh@hfafelﬂpai 2?41 & thtREbsThR dogat ure peaks is

out 40 mm and di stance, d, between the features

| s &bsane @ﬂlﬁgm;atlahs hlrmghteualhesnd tafoumsl IRocAl? feataresl antchghe

d Not h lth t sho
ey &G Do it In Bt nae REbrS sty bR aBhpo gnd/or
cuﬁx@éét@tﬁons%ﬁ&tus@@ of the roller concurrently forns the
scal e and ggttern features on the web as descri bed

her Eigyre Filtpstratey an pxample syséem 41¢ fostrseducng o pronsiagyl web
T ' 7
sub ?r%ie%lé?%at%gcg&{e?%a%es {)153&% ﬁﬁ{%tggfgéeg ?gtﬁ .%%aeﬁgr\rllplﬁga scale

and B érstkR oFpait@nffeainds aayibe fo@gatdnvefirsesurfice 3f tht .webheith a second
roller 710 is _configured to be rotated when in contact

set@f ppigerg If%f’éléf%foé&]ieiirp{l P OBPesHE Lii3e¢ phihe Welbs In pypa eerdigurations,
e i (R o P OB L T R end
sccand patadrhel mbltwsrdldl 9224 Inissmd isyevsse thef Iﬁrrsmhapaﬂlsaphﬂmy be a first
ethuArs?on die 916 while the second dispenser 920 may be a second extrusion die 920.

In the illustrated embodiment, the first material 922 is disposed on a web surface
before coming into contact with the first patterned roller 918 and the second material 928
is disposed on an opposing web surface before coming into contact with the second

patterned roller 924. In other embodiments, the first material is disposed on the first

patterned roller and/or the second material is disposed on the second patterned roller. In
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onto the surface of the substrate 705. The roller 710

rotates to formthe TIR prismfeatures in the materi al
W@ 2ms/15pt i onal |y, the system may include a cuP@CTIHS2008/067371

station 750 that includes an energy source configured

to emt a curing energy, such as ultraviolet light,

heat, or other curing energy which cures the mater.i al
thepggmbedimgatssilip Sirytand sqaosd mpialy ag framferedioghe wel from the

al ternate enbodi nent of a systemfor

pa%gg%%oﬂgrﬁg a TIR scale 801 onto a substrate 805. In

t hi $n emdbiadgilereattatidnh eherfobd extruBid dialoudspersod zhﬁifslt Burable liquid

ay%’gg‘lﬁlflf% G2 BhPeriirsrasr s ohbor PR s BIF BNlon 31 piroiss e cpateria
922 It IR RIAHY tfcyuemﬁ@ta REmURGHS 3h e BQRrEOBEME hRBL ks

forns scal e features 820 and the pattern
exdnaple, uhe ﬁrﬂ mttetmed todesUkEsits matt@‘nﬁt)ﬁlth lTrIlRtstme &rbock anelret first set of

PR et 8o TE R el e PAeS dEn P RB L 14 Do b ebvered

rol @ S BE ASEK c 18R s &l 1RPeasahie FRE pildresd @RileBSR MatiRe hf@Qoller 914, the
surface of the substrate 808 The roller rotates to

TIR prismtfpaiures Rugthicdirstisebefuragtermi ﬁqaturﬁé arqafosmpdin ta first material 922
on %ﬁoﬁrgﬂsautr%a& of tl?lgese%s)tlﬁmﬂ{g%rstn e%ga? 9% %ucrulren d‘é% an ener%y source

S an energy SOUI‘CG con

92@thatpiotlcs BEtadle cusngRnagy Ul scind Dk@hcdsi glbteneﬂgsz @burc@ 926 may
ot her energg whi ch cures the material 841 on

proyidestifrayialeBight. ¢ Hehtdaxtgr yuckangdng a renge ﬁ%ﬁl@bw&ﬂoo to about

Sogﬁ%&eqegor m TIR scale features and the pattern
eatures may differ. In these configurations, separate
mat arsead)ncﬂcuﬁ;dﬂa $iquid layed O2Y iscavknicd @nshadvprasse sy obthe web 912

.used. Fiqgure il trates an ex l.e system 910 for
usipg a&%mnﬁéxgu%%dlgﬁééd{ C%QPE’@W% I@R@S%eﬂa%to taif‘cma%%

patfte?'ﬁédjtroﬁér oy \9]91@9%' Meﬁi&ﬂfvﬁﬂﬁ?’s&gnd he ol’\?egterl’l: Pé’auﬁ'&almegatlve
a scale and a first set of pattern features may

relfebr Ae theometad 2 passes darfeo ehofirst prastonetolier D HS aldstéc emdmé @atterned

f eat f d ' f
rolf P S Ran vt Bt Bifres R Lo fReeL pfe SonEFiates. e
cuﬁﬁgﬁxbc@@@s RPEANTIod tIFPRBSRS ®afldBlayd26D8.a nip roller
914, and first and second fpatterned rollers 918, 924.

In $osne epnfigntaaions, threscaleriormert kypdaddR poises eaghd@rspsurface of
the \Jvébs%lze&%tégg% t% orvgcgel oltgﬂgleﬁt @%{% ey %8?% t‘lh@ BeRg s ?tgéppattern

feaﬁﬁ’@@dhféﬁﬁtc fothed bih bpposiTRtsiddsalf tHkAdel.s di sposed on a
web surface before com ng into contact with the fir

pat Feuet0 pevidss a@@gerawawm 8rsd apd preoRa pafiqragd redgrsi 1944 and
O R L BT PRSP B Rl A
embqﬂiﬂwnmqu)attembrbrdllls 948, Wtasrdnsahssed v&dihspsqsedodhgurb 6. First
patf[elrrrles(f roll 1044 includes both TIR scale features 1042 and a first set of pattern features
in negative relief. Second pattern roller 1046 has a second set of pattern features 1050.

As a web 1030 passes over the first patterned roller 1044, a first curable liquid

which is deposited on a first surface 1032 of the web 1030 may be cured by curing energy
provided by an energy source 1034 near a first region 1036 on the first patterned roller

1044. The TIR scale features 1054 and the first set of pattern features are formed on the
first side 1043 of the web 1030 and the liquid is cured.
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patterned roller and/or the second material is

di sposed on the second patterned roller. Inthese
wepisdswent s, the first and second material s aP@&I/US2008/067371

transferred to the web fromthe patterned rollers. In

one i nplenmentation, the first extrusion die 916,

di spenses a first curable liquid |ayer coating 922

ont éfigr the IR %@kﬁ%@re&ﬂo%@l%% fipt s¢t ofjpptters feagyrenang formed, a
t
soddERREBISHIGRRL 1 ERNE il Bins I oub ¥ Rplultab SR BEE 1930. To
inskrrthentaerpdoond tipeidfl063 {s mpatted pednatalelye thedtBoridsliquid 1052 is
a({gned ﬁnth TIR scal e featur? and a first set of
180&5 PR thetishenegey spuseg Bty pically By locpiing Higdirtsggigy source
10514 & e drf yge]rﬁ'ltt@éiﬂy B ﬂ’}str éﬁé%ayr soR%ansd dB&l ﬂo@ 'Tall &?thte rQ@cond

passes between the firstpatterned rol
hqtuldel 062 plfrdskiret, tl&lcm;rlng reurTesR (3 S04 @atbe ﬂ@slteaindsulh Ehelr

rst set o r tures are forned in the first
“”Rﬁ?@?@ﬁ?lgﬁi‘g ﬁéﬂ Lﬁ't surface of the web 912. The
fir atftchBHeerTRAcal@ Fatin®s CO8PEhdUTsEht R RBGIGYrs RIHeE, tHZReb
that provides suitable curing energy. In sone

10$(h@1né1nu@83a10ngw@e émssrop 184 r Bee mowemany opthgwiabel 030 rnay be
coﬁ{r 11%8 u51 %e %ghl%ly gﬁgos%te(li ' t%ali]egw X n? lo? pat Web ntinues

nanone

untslac émelrs @Lg“ap bégeorh 1018 btivagtethe 928 ahé s@oal psitt@ﬂed ﬂaﬁiers 1044, 1046.
opposite side of the web 912 using a second extrusion

The pecogg hquitnds3 éi:féﬁla dwm@fi 0y slae segont wikasg of thegvabrad is formed by
theSRE a&@ﬁl%ﬁgr&?& 1098 186 th2%3c s%{“o r@n@ﬁf e pgd %E&Rgd
secon set pa tern eat ures tive relief.
pattdre faselreO4r2 cpﬁﬁé@&uheg weapy bimettefdl brysd sepaﬂid arengy @uke@r1040. As
t h d patt d ler 924, th
the, Vé?ab @%w%%é?ﬁg fheagan 1045 hraveep giﬁ%f%rasi pergid aaf%ﬁeecﬁr@@%& 044,

104y Tﬁ@&ale-rf@ﬁuf‘e@ M5 al ﬁfs?ﬁe?tte'n?edrf%ﬁﬁl%fs eghitRbrd tﬁﬁthls time
seécond coating |ayer 928. In sone confligurations, the

substzatiell¥ ourned dmblyondhé torthi® vpabi K38, 1estrainéhef wetst0urdraskprong while

912 I t . b
e WD R oint 66 e LA o fid BENEPd P roter
1044, erhﬁsomﬁdsé@m&pmwhﬁ@ SddEppaes bHL soMEe offtiegidtr@iokCerror
provi des a closer view of first and second patterned

betpskn gresfeatora fermpd rosapposiersidesdNE2.sl838 0 ﬂ]@awﬂé}%e@d
oS5 Rt pr ek [ S ARE b EER e BEG aHlsahe gocond

hqu\ﬂdtIIOSR especintd @anacg witd tBe sdcbfid patpatiddaonad46,ahd dég@éleflof
i ncl udes both TIR scale features 1042 and a first

reghttragigp peimisen EstfgataresilAShd§ad feramedom @pomse%ﬁd%%nl@é% Rf the
Wekgbk@ﬁe%(ﬂfeg grofﬁé tﬂ)nso?%&'?tgolﬁ %th%f oQﬁBﬂﬁ Qlaﬁ&?shg; %v%%ﬁﬂe

asses over t irst patterne
surfddd of the fiarstsind scmoab Ipettdrheplitodl cxshliOg 4, 1(B16d7§kmS4Wrepi obtheaveb

arogllaa %l%; 1§ ur f Cecoln%spzatt(e)lfneé ?oellers P041 ?84&2?1%1 bbe(tewge%rtﬁg gakl)ly 1048 formed

by the rollers minimizes effects of tension, web strain changes, temperature, microslip

caused by mechanics of nipping a web, and lateral position control. The S-wrap can
maintain the web 1030 in contact with each roll over a wrap angle of 180 degrees, though
the wrap angle can be more or less depending on the particular requirements. Additional

aspects of forming features on opposite sides of a web which are applicable to
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provi ded by an energy source 1034 near a first region
1036 on the first patterned roller 1044. The TIR scal e

W0 ewBus®s 1054 and the first set of pattern feR@UDE08/067371
are formed on the first side 1043 of the web 1030 and
the liquid is cured. After the TIR scale features 1054
and the first set of pattern features are forned, a

embadigiegtsltgpresqnt digelasurogre descrificd e gammoshit @vieddé SoRgfent
Jar f. f | TO. i t he
PR IE Pl (Den IR et B | e
secbmngbrhé¢ ouplemd@s@orissthe JOR atdd farnethit herdvidustmannécgying step

155 A APl GRS cbbin el
ste?.? Sg&?anll cHORSHIMAL shAA inoﬁgﬁttéel 15680M¢h thi &R de4OR%tures and

esired, the curing sourcés 1034. 1040 can be
pattaye &tatutes arsigdatly eeaggerashiec piuspesgatftibustetion. oAlfestslispenser 1101

1044, .1046. ter t IR scal e features 1054 a
deqepsh i A plriot B TR B hsht o Rab g agB 1 105 The
weBanb$ Rakasg BHeamet 1hN® of nfasdrial 0111 dbditedthercsPKaIBIYNt Rito contact
the web 1030 may be controll ed using the previously

withepoder B@0heRngdRecalT iieaturey eniegativf retiplel \Me tang dinstipatiers
ntil it enter D I egj 1048, bet ween, t he fi.r

el ol S FolB T PAP B IR el e
patkdragd @1130520i shdtalfast dp se1es @2 Mhd TR s@koBetusddrflae endthe first

the web and is fornmed by the second patterned roller
patiqya featen(nopghose grrdfosaed Brthp St dayist pempigrialsl 1 19e the web
116€cond pattern features are cured by curing energy

emtted by a second energy source 1040. As the web

1030 frassantiombda sdate gappristdBthbdiRsenic fdatises EIRE, thecoaldis used

atterned rollers 1044, 1046, the TIR scal e.features.
to %%r@?ﬁﬁd’oﬁli“PQP?H]ﬁtW%r HOg dugigg gsuseqygit ewca%sglgoiteﬁ-hﬁgilght

sodrkdTR1 ﬁ)"(ﬁl%%%rﬂg'h@h | eWakFhangr Rendedqir& e, Wek 115880 modulated
h b 30 f | n | b 1030

restrain the web 10 rom sl i ppi while the we

g
by el iRsscatsfeatgress n il 26.t Hec gagula©d dighid seirsod hg photesaeerond0 which
atterned roller. 1046. Thi (Pe rease b.s retchiw%
PGt e nd i T Sy ARERAS, TRl Ghr' b averages
theh%‘h‘(\ﬁ%ﬂulatk@ vyané ?iit%ni Avige AnyvaPRARIdnGredds 1188 8scs the
1038 of the web 1030 By supporting the web 1030 on the

phetpsensorratnus tadefcinaing sicd posidomh ek motonsoatader lilghuges
inf%%%io%%t eru?e% e&ogp}o;ﬁéaté?égtﬁol? l.tl '3:](? tqgéot%\?@g%l@?ih(év%]&g%?a&:dgéglcross

egre ration

web @0ditiod 05the fwasbnE 05 @ fR[1 A0S ialignBérd @stwlddd Zhe f1QBFatein fdatires and
web 1030 becones a function of controlling the
seqBd Pritwn 452t¥es-at i onshi p bet ween the surfaces of the

firg ﬁng PRILREDESbRY baitin £fftes A04GmcliRB the web

S—mwaﬁggge@ﬁ% 5 argun "t he #Prst anglgécoﬁgnw e we
Fopatangia) el scobhdepatetrDR4turdsOd6 6 amy Yecfoweahort heurfap of 68veb

formed by . the r lge S.mnimzes eff s qof tensjon,
oPRRSHC dicy aF e pnigist hs T efels drgenty Bosr fgymed. A Sccond
dispenser 1102 deposits a second layer of material 1112 on the web 1105. The web 1105
having the second layer of material 1112 disposed thereon passes between a second
pattern roller 1170 and a second nip roller 1175. The second pattern roller 1171 includes
second pattern features in negative relief 1171. As the web 1105 passes between the
second pattern roller 1171 and the second nip roller 1175, the second pattern features 1176

are formed in the second material layer 1112. The motion control components 1180
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caused by nechanics of nipping a web, and | ateral
position control. The S-wap can nmaintain the web 1030
WO poogasmoact with each roll over a wap angl e oPCI/BS2008/067371
degrees, though the wap angle can be nore or |ess
dependi ng on the particular requirenents. Additional
‘C\z];lus‘fects of form ng features on opposite sides of a web
m 1

hirghthg cecegsp(lisdhrtusce bSbHR Mt 51 26randpaotgsensani 140), the web
poiaF bOSHS: PR BESTHY 5k PafiRTEP Plob ARG HhmchEb e the

firdy patteh écaznee(nok shasanyand il senent @ticonfeatutdsd 1T6R scal e
d in a prevjous manufacturing st .be used to

for r p.,may.
conEﬁ’&hert%’go%d§P‘?568‘ﬁe%f’mc°ﬁ%“%%ﬁsrcé’ﬁ alsh b iuﬁgzgd- An'exemplary
proi%gé%gt%gs@v\ﬁjuiou ﬂluﬁﬁeta%w%%&@ tenSiofiflo A1 AP RABRGAS 4 Rfdterial

n Figure eiln the TIR scale features
thagdhab et applreditethauwes Sinelagy eatother exaggleryatrecksfiog step can
. puy poses. of il:ll stt ation. fA fi r\st {ji sgens%{ 1101 clud
mc ovgrlapgmg a]&‘? g erl gl(él}rm&o ﬁ]&tagp 1%1[ ei'[il (—‘1 S %rapﬁlélg can icludae
motd!§tfAGLoqhe Heb bANERIFEA Bles WEhed HdGeon! NSUcHRPD AL PrdtaVdimPsteps
the first layer of material 1111 deposited thereon is
cathpoytylantagenus te ornigdze auytdentagtisinlof therwolmcavaed bygnam-puiform stress
exesrgealo% tflee ateB' [fthealba’y et fegt%rerselslu?ﬁ cél'njtza]c'ti?@ gehnf llearlcf {o \)&esb buckling
pattern'teatures in negative relief (not shown).
or thadoteltioh b SmpRseikldaedpranl dtés, fichab tHoat teusel stalvkedan
1120 and a first nip.roller 1125, the TIR scale
mipiggeqsburkbee anwripiHmerthatdpayegctier Ang ahtkil axthe ggwould know,
[ [ . of ri 1111
ha R PRY S SRt ] ARAILARE LB B dtl BB RS S i g
t he AhbfRes arthedfof atinin@sing hap putimgoe alrmkiisg usdd idabude the use of

SGOEOEE%% g'l[fg%{ql%ﬁ Bg zf!g‘tsllgq%ﬁ éPd];“totégse \geeqt.)i é% gggg{ﬂ;uialgtgﬁgg%stmctures would
bo Ghe 6t V%vohlhgsehlpé%s%lﬂe Srapid ddenddnly sealsvdiaplutes ABBample

e light is nodulated by the TIR scale features 1126.
of Sivh armtrulofuat et Heisgén ini Sgwerie disgephdiigsrengothe Web®05 includes

whi ch d t ignal indicati f
onti IR 7B B Pl LR ra 0 Gt ot By gmerir
strii@@@hdl, atReke®Yo hEINRB LA Paficivi fBWurcd 1R posi tion
processor 1150 uses the photosensor output to

det &ngiohekiflan theaut, hiung rapdishigspecaficagiont widl understend ghat such a

oy SRR R T R ROPLL B SERE Al 4450

thetdxempeiy hikOadtdschisset Withatepeal fodhigmatl 1 bk weanplehe first
pattern features and second pattern features. |In a

subdégUdnscaly Besabidirreingpn bsuscdria foyan teenrofgdhefugvides
ST SRR Sl T S e
steoqpuaidt anhbired sundateg operatitine h Thbh @ IR k&ls tatuecsalaarve praduced at
hig%lslz)ge ornea Eg}[igfé%eb'?\agf 800 Qgt require coating to function. Thus, the TIR scale
features may be used to determine web displacement as soon as the features are formed
without a second coating step.

The foregoing description of the various embodiments of the disclosure has been

presented for the purposes of illustration and description. It is not intended to be

exhaustive or to limit the disclosure to the precise form disclosed. Many modifications

and variations are possible in light of the above teaching. It is intended that the scope of
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di spenser 1102 deposits a second | ayer of materia
1112 on the web 1105. The web 1105 havi ng the second
wo 20081519 mat eri al 1112 di sposed t hereon passeRCTESWO067371

a second pattern roller 1170 and a second nip roller
1175. The second pattern roller 1171 includes second

pattern features in negative relief 1171. As the web

thel‘h@%osﬁ&‘s@f‘e@nﬁ@i PRy thigdetadedAepcpRtiore bH! jagicr By theiciaimgggpended

e second nip roller 1175, the second pattern

eatures 1176 are formed in the second material |ayer
1112. The notion control conponents 1180i ncl udi ng the
encoder (light source 1130, TIR scale 1126 and
phot osensor 1140), the web position processor 1150,
and web notion controller 1160 nai ntain alignnment
between the first pattern features (not shown) and the
second pattern features 1176. Further optiona
subsequent processing steps can also be utilized. An
exenpl ary processing step could include applying
hi gher tension to the web after curing a material that
has been applied to the web. Simlarly, another
exenpl ary processing step can include wapping a rol
after the curing of an applied feature; such w apping
can include nore stretch to the web and the features
formed thereon. Such optional processing steps can be
advant ageous to minimze 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 winkles; optiona
steps, such as those di scussed above, can mnim ze any
buckling or winkling that may occur. One of skill in
the art would know, having read this specification,
how to effectuate such optional process steps. Another
met hod of m nimzing any buckling or winkling could
i nclude the use of secondary structures on the back
side of the web. An exenplary type of structures would
be one that woul d conpensate or negate the tendency of
the web to buckle. An exanple of such a structure can
be seen in Figure 12. As seen in Figure 12, the web
205 includes optical scale features 215 that are
flanked (in this exenplary enbodi nent) by snaller
structures, referred to herein as backside pattern
features 1210. One of skill in the art, having read
this specification, wll understand that such a web,
i ncl udi ng backsi de features (as exenplified in Figure
12) can be nade according to the exenplary nethod
di scussed with respect to Figure 11, for exanple. The
TIR scal e descri bed herein can be used to form an
encoder that provides alignnent for features formed on
both sides of a substrate, web tension control, web
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steering and enhanced converting operations. The TIR
scal e features can be produced at high speed on a
w0 b@gifsleed web, and do not require coating to fREUS2908/067371
Thus, the TIR scale features nmay be used to determ ne
web di spl acenent as soon as the features are forned
W t hout a second coating step. The foregoing
description of the vario&d di ments of the
di scl osure has been presented for the purposes of
illustration and description. It is not intended to be
Wiex satisitiedes:or to limt the disclosure to the precise
form di scl osed. Many nodifications and variations are
possible in light of the above teaching. It is
1. i ntandeglod Bﬁaetmﬁnﬁlgw%l&feaﬂaﬁt_ &bass%&aeé,%o&gﬂkihg! ted
not by this detailed description, but rather by the
cl aidmsctangpeshtieavandn etabe Gspaskboiblat substraté,ahenedld @mptising a

tho f .det er mni n i.spl acenent of . a substrate,
Pl gt EORrhE (R P SraeiE b di sposed on
thenﬁupﬁhhgu%quﬁamﬁg&kengqgghm§mng a plurality of
total internal reflection (TIR) prisns as scale
el egerrrgingrrodgnahbised ontlee modwlateddighy thengrpl Rdinatisgghe
a 2nerating a signal based on the nodul ated |ight,
Sm?ﬁgwgﬁ;%gFﬁF%%icating the substrate displacenent. 2.
The nmethod of claim1, further conprising determn ning
the position of the substrate using the generated
2. si ghas methodp{¢laypt In fythsr cempiising detgpaipsieihgpertion ofiihe
' P enerating a signal indicating a
Sm%%ﬁ%ﬁ?%%ﬁ%%g ort%gggggl substrate displacenment. 4. The
method of claim11l, wherein the substrate conprises an
el opgated, flexible b. 5. The nethod of claim3, .
3. when 8 Mediog{d4 s pdoin A48 PSS IBHE GPMPRYS eRgAling @
sighD0n Bt a HASIEBAL OF 198ra Bt disPREL S, det erm ning
the di splracenent of the substrate conprises an angul ar
rotation of the web. 7. The nethod of claim1, wherein

th b t [ ) | . 8. Th th |
4 o1 athE B eF B R SR sogtndbprpgeted lexible
webef l ecting a portion of the light using the TIR

5. The method of claim 3, wherein a bend radius of the web is about less than 100
mm.
6. The method of claim 1, wherein determining the displacement of the substrate

comprises an angular rotation of the web.
7. The method of claim 1, wherein the substrate comprises a polymer.
8. The method of claim 1, wherein:

modulating the light comprises reflecting a portion of the light using the TIR

prisms; and
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prisnms; andgenerating the signal conprises generating

the signal based on the reflected light. 9. The nethod
wW@rooshsiom 1, wherein: nodul ating the |ight conpCT/E82908/067371

transmtting a portion of the light through the

substrate; and generating the signal conprises

generating the signal based on the transmtted |ight.

10. eqEatig tho et comarisssizenaistngths sialibased ag theeflected
hghgght further conprises nodul ating the |ight using one

or nore reticles. 11. A systemfor indicating

substrate displacenent conprising: a substrate
i nc d|n the scale conprising total interna
refhﬁ gwﬂ V@ﬁﬁmﬂlsposed on the substrate, the

Tl Rnﬁ)rd'uﬁﬁrﬁ %énf hd H&ﬁﬂr‘@e@ tﬂlﬁgﬁlttﬁ{gea% 4964 oﬁth%qgheﬂitrough the

t owar d the substrat e; a transducer confi gured
sutgghecend he | i ght nndulated by the TIR prisns and to

gener at e i ndicting a,.di acefnp nt . of

Jub b Rafistyhe Sa% PRy Strutidr 3k BB Sisd Sl ppited
lighf claim 11, further conprising a processor confi gured

to deternmi ne substrate position based on the

transducer signal. 13. The systenrof claim1l, wherein
OEI.E: @g E}etéhr%%fﬂ% cca{i)m %%fqel odulajun% ﬁtg l].gktgfu%lteﬁ QoﬂlAfrPses 14.
modQnRihg s lidhghéing egabdthofesdes. di sposed on a surface of

the web. 15. The system of claim 11, wherein the TIR

prisms have an internal angle of about 90.16. The

systye ' | have a
11spaéi ] Eb%%éﬂ§?ﬁ§% gﬁ%ﬁ% (ﬁ%%utngbﬁcg5gﬁ§ﬁ% spaci ng

bet mehsstqater inchupeghkscat, thbsesile ékﬁnpsmsungltﬁtal Thernslysflestionf(TIR)

.claimi11l, erein the T r. sns se gr ooves of.
Drifip ERREH A1 (e Eag SIR BERCa e I it pocted
tovd tlcngat £ anfil exi bl e web havi ng pattern features and

an integral scal e disposed thereon, the scale

conpitiagsdugert wnépuicd tedetedt th@ﬁghé a:modcutate(drb}R)he PHR pmsms and to
t0..nod I.& I| d to

ge{eﬁ%fe :arggglrﬁts lflgl&tl}lg &H}Sp aZement Igel Su %str ate base%n(%he modt\ﬁgt%d light.

12. The system of claim 11, further comprising a processor configured to determine

substrate position based on the transducer signal.

13. The system of claim 11, wherein the substrate comprises a flexible, elongated
web.
14. The system of claim 11, wherein the TIR prisms comprise right regular prisms

disposed on a surface of the web.

15. The system of claim 11, wherein the TIR prisms have an internal angle of about

90°.
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i ndicative of web position. 19. The roll good of claim
18, wherein the nodul ated |ight conprises |ight

W0 2doBestoed by the prisnms. 20. The roll good ofPCI/EB2908/067371
18, wherein the web is transparent and the nodul at ed
l'ight conprises light transmtted through the
transparent web, 21. The roll good of claim.18

161 ur tthe pystesmpt Flgind 1 awvhoreindk VIR prilypoled agnaging betasen prisms
of Aat 3¢ hﬁ?ﬁﬁl aoipagigg bEtveXh kﬂh@m"&@ks of about 40 um.

17. The system of claim 11, wherein the TIR prisms comprise grooves or notches in

the substrate.

18. A roll good comprising an elongated, flexible web having pattern features and
an integral scale disposed thereon, the scale comprising total internal reflection (TIR)
prisms configured to modulate light directed toward the web, the modulated light

indicative of web position.

19. The roll good of claim 18, wherein the modulated light comprises light reflected

by the prisms.

20. The roll good of claim 18, wherein the web is transparent and the modulated

light comprises light transmitted through the transparent web.

21. The roll good of claim 18, further comprising an adhesive disposed on at least

one surface of the flexible web.
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