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15  patterns of material may be deposited in layers on an elongated web through multiple
deposition steps to form layered electronic or optical devices. Other articles require
precise registration of features that are applied on one or both sides of the web.
To achieve accurate registration between the layers, lateral crossweb positioning
and longitudinal downweb positioning must be maintained as the web moves through
20  multiple manufacturing steps. Maintaining registration between layers formed on the web
becomes more complex when the web is flexible or stretchable. Fabrication of some

articles involves multiple passes (or stages) that apply material or processes to the web and

which require precise position registration between the process steps.

25 SUMMARY
Embodiments of the present disclosure involve methods and systems for
determining the longitudinal position of an elongated web. One embodiment involves a
method of generating an error signal representing the error in an estimated error signal.
Fiducials disposed along a longitudinal axis of a substrate are sensed and corresponding
30  sensor signals are generated based on the sensed fiducials. One or more web movement

signals are generated, such as by the encoder of a web transport pull roller. A phase
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DESCRIPTION OF THE DRAWINGS
Figures 1A—1F show various configurations of substantially continuous fiducial
marks disposed longitudinally on an elongated web in accordance with embodiments of
the disclosure;

20 Figure 2A is a block diagram of a web position detector configured to determine
the longitudinal and lateral position of a web in accordance with embodiments of the
disclosure;

Figure 2B illustrates an example of an image view of an area sensor that may be
used to sense fiducial marks in accordance with embodiments of the disclosure;

25 Figure 2C illustrates an example of an image view of a line scan sensor that may
be used to sense fiducial marks in accordance with embodiments of the disclosure;

Figure 2D shows the image view of a progressive scan sensor that may be used to
sense fiducial marks in accordance with embodiments of the disclosure;
Figure 3 is a diagram illustrating a method for determining longitudinal web

30  position in accordance with embodiments of the disclosure;



di sclosure; Figure 5 is a photograph of fiducial marks that have been
printed via ink jet on a polyester web in accordance with enbodi nents of
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the intention is to cover all nodifications, equivalents, alternatives

falling wirtoksignglhe scope of the |nvent| on as defined by the appended
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various enbodi nments in which the disclosure may be practiced. It is to be
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be made v, fiducial sensor signals that are out of phase with each other;
Figure 10 is a flow diagram illustrating a process of using phase locking for
15  controlling a fabrication process and/or adjusting encoder signals for web position
determination; and
Figure 11 illustrates an approach for periodically making an absolute position
determination of the web position.
While the disclosure is amenable to various modifications and alternative forms,
20  specifics thereof have been shown by way of example in the drawings and will be
described in detail. It is to be understood, however, that the intention is not to limit the
disclosure to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the scope of the
invention as defined by the appended claims.
25
DETAILED DESCRIPTION
In the following description of the illustrated embodiments, reference is made to
the accompanying drawings which form a part hereof, and in which is shown by way of
illustration, various embodiments in which the disclosure may be practiced. It is to be
30 understood that the embodiments may be utilized and structural changes may be made

without departing from the scope of the present disclosure.



wi t hout departing fromthe scope of the present disclosure. Enbodi nents
described in the present disclosure illustrate nethods and systens for
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strain. Te8tIGeYSengitgdinglpestiapdpdates antpareacarspta Vel ROSIHBINMes| ti on of t he

b el ts,  ddnd |
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web el emendlsstaanthbeceanuhody edcenie webipestebdigg applicatsorst AatvedbedainFisgures 1A- | F

ermbodSerib e Ho tif WEh BeTFiHerier BIen e e REOgideCaoet srTianiopne
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axis of the web such as along a web edge. The fiducial marks generally have
regi ons whérastdte astwptelyotfackiikee pasitkan of clements deposited on the web. For example,
the fiducials may be deposited on the web substantially simultancously with a layer of web
clements. As the fiducials and the web elements are deposited, the elements deposited on
20  the web and the fiducials experience the same amount of web strain. The fiducials may be
used to accurately track the position of the web elements, regardless of the amount of web
strain in subsequent processes. Using the approaches described herein, accurate
registration to web elements can be achieved even when the web is stretched.
Figures 1A-1F illustrate fiducial marks of various configurations in accordance
25  with embodiments of the disclosure. The fiducial marks are substantially continuous or
piecewise continuous and are disposed along the longitudinal axis of the web such as
along a web edge. The fiducial marks generally have regions where the slope of the marks
is finite and non-zero relative to the longitudinal axis of the web.
The fiducial marks may be non-periodic or periodic functions with respect to the
30  web longitudinal axis, for example. As described in more detail below, periodic fiducial

marks may be used to determine both coarse and fine position of the web. The
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Substantially continuous fiducial marks such as those illustrated in Figures 1A-1D
may be used to track the longitudinal position of the web in systems where lateral shifts in
web position are negligible and/or lateral position of the web is maintained over the

20  longitudinal distance tracked. In systems where the lateral position of the web is non-
negligible, lateral web motion may be controlled to more accurately determine
longitudinal distance. In some embodiments, lateral web motion may be detected and
taken into account during determination of longitudinal distance.

In some implementations, lateral web motion is determined using the web edge or

25  fiducial marks disposed on the web. For example, a web edge or horizontal line disposed
on the web may provide lateral position information. The lateral position reference may
be used in addition to the one or more continuous fiducial marks that provide longitudinal
position information. Figure 1E illustrates a horizontal line 106 disposed on the web 100
that may be used for lateral position sensing in addition to sine 101 and cosine 103 marks

30 used for longitudinal position sensing in accordance with one embodiment. Figure 1F
illustrates a series horizontal lines 107 for sensing lateral position and a series of diagonal

lines 104 for sensing longitudinal position in accordance with one embodiment. The
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embodi nent il lustrated in Figure 2A, the sensor conprises a CCD canera.

mark 206. The sensor 212 may be camera or other type of optical sensor, an
electromagnetic sensor, a density sensor, a contact sensor, or any other type of sensor
capable of sensing a fiducial mark. In the embodiment illustrated in Figure 2A, the sensor
20  comprises a CCD camera.
The output of the camera 212 is directed to image data acquisition circuitry 214
that acquires and digitizes the image of the fiducial marks 204-206 from the camera 212.
The digital image of the fiducial marks from the image data acquisition circuitry 214 is
directed to a digital image processing system 216. The digital image processing system
25 216 analyzes the image to generate signals corresponding to the sensed fiducial marks.
The signals generated by the digital image processing system 216 may be output to a
longitudinal position detector 218 and optionally to a lateral position detector 220.
Information from the lateral web position detector 220 may be used by the longitudinal
web position detector 218 to enhance interpolation of the longitudinal web position. The
30  longitudinal and lateral position determined by the longitudinal web position detector 218
and the lateral web position detector 220, respectively, may be output to a movement

control system configured to control the longitudinal and lateral position of the web.



The output of the canera 212 is directed to i mage data acquisition
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204, 205,,120& msmb&ﬁfoheAn%&ﬁsefnsﬁlﬂoaa& @ﬂ‘arg%rhn@m@oﬁ@ﬁaswr sighlf area sensor
outputs anJ, by Y array of values that represent the light |ntenS|ty of

each pi xeﬂrocte@mag i bhe lagge dateset sbosoeompanispulebtha charge/ianwuthtthofasddatw f or

st gnal and more sophisticated filtering of the data leading to possible advantages in position

accuracy, for example. Area sensors provide a slower position update rate when compared

20  to some other types of sensors due to the time it takes to acquire and process the relatively
larger data set.

Figure 2C shows fiducial marks 204, 205, 206 within the image field 280 of a line
scan sensor. The line scan sensor outputs a 1 by Y, vector of pixel intensity. The line scan
sensor provides rapid position updates when compared to the area sensor, but data storage

25  of the position history is required.

In Figure 2D, fiducial marks 204, 205, 206 are shown within the image field 290 of
a progressive scan sensor. Generally area scan sensors allow the user to select the number
of lines to scan, e.g., X, = 4 or other number. The progressive scan sensor provides more
data for signal processing than the line scan, but is slower.

30 The sine and cosine marks 204, 205 may be scaled to achieve maximum resolution.

For example, the amplitudes of the marks may be made as large as possible to maximize

the marks 204, 205 within the image view 270, 280, 290 of the sensor, with some margin



processing. The |l arge data set allows conparison of the current view with
the last view and nore sophisticated filtering of the data |eading to

possi bl e WOvamEg®s i n position accuracy, for exanple. RCEAUSI@INHEGILS provi de
a slower position update rate when conpared to sone other types of sensors
due to the tine it takes to acquire and process the relatively |arger data
set. Figure 2C shows fiducial marks 204, 205, 206 within the inmage field
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processing than the |1 ne scan, Is slo he sine and cosine marks

204, 205 mwmyrdse¢ha oalnede thende hyde passesdbatweer esplast ilmwevegopextoplse, t he

anpl i tudes, of the marks e d s, l.ar as. possible .to Ximze the

mar ks 204ThStgH e s TRUnY FY oL 54 Thea gty Tisbgu B apREPE e Bt th Some
mar gi nt 0 Bic RWcl Mle kahSIil raRGskiks RMthehd P8 of SoRSor RBAIVutitdiah c8&ARL by may be
sel ect ed based on expected speed of operation. Using a sharper pitch of the

si ne and Kdbsirpeosnlrk yitgamerosnitis.gher frequency and smaller peak to peak
di st gpce) provpdes 51%%{?%5 Wi %%‘ﬁ?s{raﬁeg R FFIALNH AN 1h ik /iGa) QRE! tudi nal
y High preené nare o

S
. agr .
direction. An exces%| ve an reduce si g noi se ratio and

al so i ncrRaBes i hecordnud vittl cadaPinhdngs dfahedisdlosurs] Themh@tediNdIng seadity
requires that no nore than A cycle passes between sanpl es. However,

oper at i or? 109ng SR AIPEREIbARBHAIL wﬁﬁwu@gﬁ@uataénafkﬂdé@@ﬁeda”l%p@wi@alm 3 Higb-

m ni mum saipl,i ¢ a[szpfo?re%}a%nﬁﬁlg% tgék%nge%rﬁcﬁl%?a?hl%rlisﬁqugéﬂ%gat&% VA[d es with the
type of sensor Used, but rat’es 1 n excess o re possible with camera
sensor s. ldhgtudimadpesitiaf offhgueb i8ddtérinisdd H0asim thesdadr figraldet er m ni ng

ongigu nal vel hosiop, L1 secprdance wih enbodrents ol e, sef osure,
fiducial 1Ry ksudiis9a888hnihoBeriudid e posRBn@dFWRBWeb. The coarse position may be
determined from periodically recurring features of the periodic fiducial marks. In the case
of sine or cosine fiducial marks, the periodically recurring features used to determine
coarse longitudinal position of the web may include peaks or zero crossings, for example.
20 In one embodiment using sine and cosine fiducial marks, zero crossings of each
cycle are counted to determine coarse position. By taking the arctan2 function, with
proper sign handling of the sine and cosine signals, the fine position within any cycle may
be determined. The diagram of Figure 4 illustrates a method for determining longitudinal
web position using coarse and fine positioning available from sine and cosine fiducial
25  marks. Sine and cosine marks disposed on the web are sensed and sensor signals are
generated 410, 420 corresponding to the sine and cosine marks. The method includes
some process to compensate 430 for lateral web movement. For example, lateral web
motion may be tracked using a lateral fiducial reference, such as a fiducial mark or web
edge. Through the use of a lateral reference, the web may be accurately positioned within
30  the sensor window. Alternatively, a running min-max detector with a duration of about 3
cycles may be used. Because the peak to peak amplitude of the sine and cosine signals is

fixed, lateral motion of the web can be determined by noting the changes in the maximum



Sensor signals corresponding to the sensed fiducial marks are generated
320. The longitudinal position of the web is determ ned 330 using the
sensor siyoaw/07P®ei odi ¢ fiducial marks, such as sine aRdTarS2e08569¢5 mar ks
contain information that nay be used to determ ne coarse and fine position
of the web. The coarse position may be determ ned from periodically
recurring features of the periodic fiducial marks. In the case of sine or
cosi ne f iddenigimyrapRak valpeofrach sarF aad pPesincaealie: i hghangg i peth themaximym

et er M NP Fhe e rffhi 3Ach Ba%:tlath RfcabhBuPha WGl AORRES OF wero
crossing or exanple n one enbo I ment using sine an cosi ne uci al

mar ks, zegrosition@f siengsh. ddireastnsngodfe lateenl cﬁdumled ptadereket arlmeldecas@aﬂs e

posi tion. .By taking the rf\rct an2 unc%(i th, rog n handl | n% of the
si ne and I FROCEYSHigLoamP Ity ap el 856 PO R0 ﬁgf; rsmﬁa Aared
det er @i geﬁ\fl\éga@s'oa&rlﬂga R dEilean@ng‘lla{elrall'fﬁé\feﬁ{eﬁ§ a met hOd for det erm ni ng

| ongi tud| n b position using coarse and fine positioning avail able from
si ne and cosi néefsimbuaidadosimasigeals Sienbgitined aukinmeberfittérsd di sthosese on t he web

are sensed and ,sensor Si gna r enerated 410..420 cor on ing to the
o reana ol TR Rl R Rl LR E R e i S S8 o RGNS 4o
for | at erbssi@ls [RYLHERE zerb QoM@ MPESuntddadn@nid coesd ﬂéﬂpd@ﬁldﬁ&y desrmhihagked
using a lateral fi duci al reference, such as a fiducial nmark or web edge.

Through t4%8. Ude apftarg fuagtemaf thefiag @Iﬂb@smw@nﬁbbalwys pecelelodrtaf ellhe

posi t.i~on in n Lvel

det eclto or a\/vigtmIan ﬁé%ﬁl%ﬁe éib{)OJ? ﬂ? agf/gigesﬂ%ﬁlamﬁl fbVl%as l‘@;t@%g%lep? ?11e peak to
peak anpldftiewcpfefétogecsifien arctiesi A gbgnal.s is fixed, lateral notion of
the web can be det erm ned by noting the changes in the maxinumand m ni num

peak val ue of E¥dhoLigRy aﬂf 1gs PrreoVyafidecial makagehavs bser Arivtee vitdRK ifim peak
dth t it
the 1 at et BATPESEy, As qal 80 f o e e SO cPpifing AT RGeSO,

pr ef er r edlisgsrtioh i ectunaks. bimidhviduad deds fmnotmqa@mngg parpdsexan by sash anelshoas
reduc S the Ia? time of he neasurenent .. @V\ﬁ ﬁ% ge. maégl 0 be used for
det erlii nitFigh YIS IHPT ot Rto! Srefae Sigke drible iogn i B Juclel BREs zed and
may be f 'ﬂl&ﬂ@&n%en%twfh%% (i06C86M protlBiny SLEMRSATSPERQ dor a zero
crossing of" the sine mark en the zero crossing Is |located, the zero
crossi ng sessoc signtls gerarated frercspanss @ thelnaplosingy beldvs] sdheftask; fiitered, and/or
angle adjusted to improve the signal to noise ratio.
In some embodiments, improvements in the sensor signals may be achieved by
20  linear or non-linear filtering. For example, if a current web speed is known or estimated,
bounds can be placed on the next estimated position update. Any value outside these
bounds may be assumed to be noise. In particular, recursive filtering, such as through the
use of a Kalman filter, may be used to improve the estimated web position. A Kalman
filter uses two or more sources of information and combines them to form the best
25  estimated value based on knowledge of the signals’ statistics. The statistics may be
generated in real time, or for stationary processes may be generated offline to reduce the
computational burden. Figure 6 shows graphs illustrating the estimated position based on
noisy inkjet data before 610 and after 620 Kalman filtering. As can be seen in Figure 6,
there is a large cyclic error in the unfiltered signal 610 which is substantially reduced after
30  Kalman filtering is applied 620.
Some embodiments of the invention involve calculating web position error which

may be used in a feedback loop to improve the accuracy of the web position



450. The arctan2 function of the sine and cosine signal values is

cal cul ated 460. The angle and quadrant determ ned fromthe arctan2

cal cul at iw0 2proavirsdes 460 the fine position of the web reCenispaesdedrdpm t he
cl osest zero crossing. The photograph of Figure 5 shows fiducial marks that
have been printed via ink jet on a polyester web. As can be seen in Figure
5 the ink jet printing process produces sone distortion in the marks.
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estimated val ue based on know edge of the signals' statistics. The

st at i st i deckrag thgevehpanevcemand signalrvaid) theifiguciabsensassighehincasasyhprasuesy e may
be generated offl.i.ne reduce the conputational burden. Figure 6 shows
grapﬁ@ iﬁﬁ%é??&??ﬁ%lgﬁgmgg i mat ed position based on noisy inkjet data

before 610 andriglirtarilloftdSanmmpproath f@igengatifSa @b pbetiseeron sigrfal gur e 6,
there is a large cyclic error in the unfiltered signal 610 which is
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may be u O | nprove uracy o
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O e BOTR SR TR SR ATAETYEh: 1 dnale fenerat e b an
nor e si gNabRndenSiAleprtsits BRNSHIMGtH PEsifiof BEIhR WO Fol BENRE. thd Rep web
novenent signal, e.g., the encoder signal, provides an estinmted web
movement signal 721 may be generated by an encoder 720 on a pull roll 730 which used is
to transport the web. The web movement signal 721 and the fiducial sensor signal 711 are
input to a phase detector 740 which determines the phase difference between the web
20  movement signal 721 and the fiducial sensor signal 711. The phase difference is a
measure of the web position error of the encoder signal 721. The phase detector 740
generates a web position error signal 750 based on the phase difference. The web position
error signal 750 may be converted to a linear distance, ¢.g., microns.
The error detection system of Figure 7 may be expanded to include feedback that
25  corrects the web movement signal based on the web position error signal. Figure 8
illustrates the feedback system. As previously described in connection with Figure 7, a
sensor module 810 senses one of more fiducials on the web and generates fiducial sensor
signals. An encoder 820 on a web roller 830 generates one or more signals 821 related to
web movement. The fiducial sensor signals 811 and the encoder signals 821 are input to a
30  phase detector 840 which determines the difference in phase between the fiducial sensor
signals 811 and the encoder signals 821. The phase detector 840 outputs a web error

signal 850 based on the phase difference.
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position. The phase difference between the web novenent signal and the
fiducial sensor signal represents the web position error. In sone

i mpl ementw0i20108)773%9Re web position error signal is used POTABRWYV6EME web
novenent signal so that the web novenent signal is phase-locked to the
fiducial sensor signal. As described in nore detail bel ow, phase | ocking
the web novenent signal with the fiducial sensor signal increases the
accuracy of t hENREIT sigarkiBirande aped RamPEYe thg ggrecy of thegaeedser signalh
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t he encoder silgwaidiupged Wewltmaﬁ@lab%l%momdew@ag@wewdl pssitzonneb position
error OSI %@erm?nablog a? Fegst gg&]{' E h&i t%e gld ust eBE)ostS sf’\ltelg)l %SI I‘clgane fror

S|gnal convert he error
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processes.
Figure 9 illustrates a system that provides error detection and feedback based on
two fiducial sensor signals that are out of phase with each other, such as sine and cosine
20  signals. The error calculation involves determining the phase difference between the
fiducial sensor signals and the movement signals. A first product of the sine fiducial
sensor signal and the cosine movement signal is calculated and a second product of the
cosine fiducial sensor signal and the sine movement signal is calculated. These
calculations allow the use of a trigonometric identity (see, Equation 1 below) to determine

25  the sine of the phase difference, sin(u +v). The error signal is generated as the arcsin of

the phase difference.

Figure 9 illustrates filters 915, 917 and scaling circuitry 916, 918 used to process
the fiducial sensor signals. For example, the fiducial sensor signals may be filtered to
remove extraneous noise and/or scaled to +/-1 peak to peak signals prior to their input into

30  signal multiplication circuitry 940, 942. Sine and cosine encoder signals are generated by
an encoder 920 coupled to a roller used to transport the web. The sine and cosine encoder

signals are input to the signal multiplication circuitry 940, 942.

11



signal 850 based on the phase difference. The error signal 850 can be used
to inprove the accuracy of the encoder signals 821 . Figure 8 illustrates a
cl osed | owp 2bwadl®ek circuit that can be used to adj ust PCHAISRINe0G®HS Ssi gnal s
821 so that the encoder signals 821 are synchronized with the fiduci al
signals 8 11. Feedback control circuitry 860, such as a

proportional -integral controller or a proportional

Pl
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the sensed fiducial signals 8 11. The feedback approach described in Figure
8 all ows the use of sensed fiducials on the web to nodify the encoder

signal so that changggl-fyYhanigbos(Sicddbsassiatet ching, shripyganea 1and/ or
other distortions, are detected and the web position is corrected relative

to the expect edhadé sihar)dethalsonrgetidoe sigoalgicbafd) indic cosine aavemeriudgrmadtj ¢estzod web
position signal may be used to control various fabrication processes, such
as ink j ds therdopinp figuciphsagmsili and gap(aphitiee g mevemnery siganld/Ide rsedusts f abri cati on
processes.. Figure 9 illustrates a systemthat provid error detection and
Feedback BHESEPHH ToepiRselal ars ahubio &F gwan@tl%akodagéo-oﬁ © HHPHHLd fwi t h

each ,ath such..as, sin nd, cosi ne,signals. The error. cal culation invol ves
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and the cosi ne novenent. signal is calculated and a second product of the
cosi ne filguspdihosstaopsiag Bothsingrmad cpgng pigealprnienesstaceprgpaind drestpul at ed.

These calialab! $ofkh BBy fnuollf LAOUAERLEIG, hdRRY LY, (sce. Equation

1 below) to erm ne sine o erence, sin(" v) . The
error signal iGrgemnedél allcathe bivginasfalss phast ctrivesigieh 961, dchéretienthe . wdbi gure 9
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proportional-integral-derivative (PID) controller, or other type of controller. The output of

the controller 970 can be used to adjust the encoder signals as discussed in connection

with Figures 7 and 8, or can be used to control the fabrication process 980, such as by

controlling web position. In some embodiments, the phase error signal 961 is directly

20  applied to adjust the encoder signals or to control the process without the controller
circuitry 970.

Figure 10 is a flow diagram illustrating a process of phase locking to adjust
encoder signals for web positioning and/or for controlling the fabrication process. One or
more fiducials arranged longitudinally on the web are sensed 1010 by a sensor module.

25  Continuous, periodic signals are generated 1015 based on the sensed fiducials. In some
embodiments, the fiducials comprise continuous, periodic fiducials that may be printed or
otherwise arranged along the longitudinal axis of the web. In some implementations, the
fiducials comprise features that modulate energy to generate a continuous fiducial sensor
signal. Features that modulate light or other types of energy to generate a continuous

30  fiducial sensor signal are further described in commonly owned U.S. Patent Application

Serial No. 60/944882 (Docket No. 62845US002) filed on June 19, 2007 and incorporated

herein by reference.
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the fiducial sensor signals. For exanple, the fiducial sensor signals may
be filtered to renove extraneous noi se and/or scaled to +/-1 peak to peak
si gnal s pwDapiwa739Rei r i nput into signal nultiplicati onPCIrAS0000¥699810, 942.
Si ne and cosine encoder signals are generated by an encoder 920 coupled to
a roller used to transport the web. The sine and cosine encoder signals are
input to the signal nmultiplication circuitry 940, 942. The nultiplication
circuitry 940, Wolmoyameyf| signabs arpacigraed: £920dfasethen wichgoyemsnlr A5 gnal and t he
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sensor signals and the encoder signals. As illustrat in Fiqures. 7 and 8,
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cosi ne sigpakSoifABAEARNPEEWEASYcHRGyvEh Jp8sd. | BohlcapklifGion®otoshtionsl gnal s
ot her than sinusoids may alternatively be used. Crcuitry 962 takes the
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encoder signals as discussed in connection with Figures 7 and 8, or can be
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20 inch display screen, the web pattern can be readjusted every 24 inches or so.
The readjustment of the web pattern can be accomplished based on discrete
fiducial marks (zero marks) disposed on the web which are used in conjunction with the
20  continuous fiducial marks. The discrete marks are used by substrate position circuitry to
determine an absolute web position corresponding to the start of a pattern and the
continuous fiducials are used to determine web position within the pattern area. Figure 11
illustrates a portion of a web 1100 having a continuous, periodic fiducial 1111 and zero
marks 1112, 1113 arranged at repeatable intervals. The interval between the zero marks
25  may be selected based on the size of the pattern being fabricated. For example, if a circuit
that is 6 inches long is being patterned on the web, the zero marks may be disposed at 8
inch intervals along the web.
As the web position is being tracked by the substrate position circuitry, a
secondary sensor identifies the passing of a zero mark 1112, 1113. The output 1150 of the
30  secondary sensor is illustrated in Figure 11. For example, the detection of a zero mark
may generate a pulse 1152, 1153 which is used to identify the starting point for a pattern.

Sensing a zero mark initiates a calculation by the substrate position circuitry to identify the
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Conti nuous, periodic signals are generated 1015 based on the sensed f
ducials. In sone enbodi nents, the fiducials conprise continuous, periodic f
duci al s tweatormeay7ise printed or otherw se arranged al ongPCHaAISk@agseudli nal
axis of the web. In sone inplenentations, the f ducials conprise features
t hat nodul ate energy to generate a continuous fiducial sensor signal.
Features that nodul ate |ight or other types of ener to generate a

cont i nuOUBOH FRFGRY @lro grongpe okthgaaustad éveb IPPEIH@B S’(&églclrlgée derarresieohlod ibwned
U S. Pat e 2) filed
on June %g&nggg?k ?ﬂé%%%%%%?Q@mgﬁ?éﬁ%ﬁ%ﬁﬁggﬁg?gn%g&ﬁgggﬁgveﬁgg signal s
are genendmaﬂkﬂ@Rﬂxhﬂs@damntME@CMBM&@ﬁn&mnAﬁmmﬂdﬂBOu®kmhdﬂheu@aﬁﬂdw@h
encoder used. to.track web novenent ca ovi de the web nove nal s.
The phas é)oaitwé]«g@ﬁ@ %‘éteﬁ\%l’nletl%sm}l%@ ?‘g{ hagd e GFTIOsSIgHTHIES PETY C'?@n eg%\g
movemgnt SI@NAS o PRI Y A RAUkORT wifkhn Sl SoRURHNd SnGBRAT BLRA 11650
based on the phase difference. I'n one optional "process, the error signal
may be ughdcoroecatisusto 8@88ng hiv2entotef ths hdnstcd webipesitveb sigosli 160 rwilda be
determ ned 104 ? %ased 0 the adj ust ed encoder signals. As another optional
process, *Hh ately ey may be used 1050 to control other aspects of a
fabrication prﬂié%’iﬁ’oodﬁﬁ&hs A& cMBR 5REI8 GnvdlVing 0HMindBRY fig@lidlondks pobidcopt i onal
processes illustrated in Figure 10 are inpléenented. Phase |ocking to

det er m nefoaeprém}lqmtwkmb)f plafshonglardl@é pagien pf)@alowmgomhw edmptrappraakhi gur es
7-10,f or ex&”@ 10 oty #esoeﬁduc?al ‘{e'ngr;?al @ wESHERE LW IRD E&Sﬁg' oni ng
over ‘a nufiber: o per es o 78 Veensor S|gnéP wever,

in some ipapteMBat afolvemslr, ndnhejven hfaitdrial .t Tlee aéwﬁﬁaﬁmnpﬂisermymat ni ng position
adjustnent over |on dlstances relative to the periodic fiducial signals.

The | ar gé’ aﬂ%qnﬁty Tysarother pelvinaic vegbe. B¢ mendancy aypibirairayeh thg uci vel y
smal | (ﬁme.a‘ﬁﬁ chiﬁgHJaﬁqstp%\qa(%ml Iﬁg&g i ufﬁ{ &iﬁ%foué%c&lﬂ t%%%:bmiy be

fabrlcate usi ng web position sen ues as descri herein. For a
20 inch qxsmbamgsdmeepmnmﬁgsw&ﬁmwanﬂahmmmﬁﬂvh@nm&admusnmdmmnewyh24 i nches
or sa. Qfxgﬁa“}gstnent of the web pattern can be acconplished based on

di scrigt e H5*RIEM4PS nar ks (zero marks) di sposed on the web which are used in

conj unction Wy g om3HelRHRBR o? ’tlfél’\fah%{ls SRbEmedi®f tHeSAV&kien MRS k&nar € used
by substrate position Circuitry t

presented for the purposes of 1llustrat1on and description. It is not intended to be

exhaustive or to limit the invention to the precise form disclosed. Many modifications and

variations are possible in light of the above teaching. It is intended that the scope of the
20  invention be limited not by this detailed description, but rather by the claims appended

hereto.

14



determ ne an absol ute web position corresponding to the start of a pattern
and the continuous f ducials are used to determ ne web position within the
pattern awoatidl7gisee 11 illustrates a portion of a web PCOWSh@9IOnE4R
continuous, periodic fiducial 1111 and zero marks 1112, 1113 arranged at
repeatable intervals. The interval between the zero marks may be sel ected
based on the size of the pattern being fabricated. For exanple, if a
circuit that is 6 inches long is being patterned on the web, the zero marks
may be disposed at 8 inch intervals @ Qpgst he web. As the web position is
bei ng tracked by the substrate position circuitry, a secondary sensor
identifies the passing of a zero mark 1112, 1113. The output 1150 of the
secondary, aenSO{.is illustrated in Figure 11. For exanple, the detection of
a zero mayRAFAGAEHePate a pul se 1152, 1153 which is used to identify the
starting point for a pattern. Sensing a zero mark initiates a cal cul ation
by the substrate position circuitry to identify thenost recent zero
crossibng lof t henathads t@dprwehe:posi ti on signal 1160. Zero crossing 1162 is

identified th t ) f . rk 1112.
or sl ng 1163 FESrdaR oiRes Nt EhaeeT st h Pl R R B o i Ber S er o mar k

1113. Not e t hafenthBn@bhdist B WRBRLIARYS ! JcPiBdR SBRRr sighalk BhsedOnanPi@séd a
sinusoid and has two zero crossings per cycle. As long as the zero nmark

1112. 111Blucklget ected within a single cycle of the sinusoidal signal 1160,
the correct last _ zero crossing 1162 11 of .t he ,adj ust b jtion
Signal 1160 wiBERLeR PP oddfEm Rt A G RS L AP BT e her ei n
i nvol19i ngubgnitd;nuous fiduci al marks provide for continuous tracking of the
| ongi tudi nal positiaon of a npving web. Sinple approaches nay be used to
apply the web defcaméling 8 phescglifiaenge hstiveradhe sraper ignafs and thepoveme of paper,
fiber, wqy kp&%gonwoven material. The webs may conprise pol yester,

pol ycar borrat e, T, or other polyneric webs. The redundancy avail abl e

t hrough t he usgnohtisg aecandigas bmed wartksplpsodifttesichi gh noi se i munity and
al l ows accurate web positioning. The approaches are particularly useful
when used in conjunction with flexible webs. The foregoing description of

the various emipdhaB&d §f Qhint DavhRRREL X RBFIREER comprises sensing one or

more substantially continuous, periodic fiducials.

3. The method of any of claims 1-2, wherein sensing the fiducials comprises sensing
two substantially continuous, periodic fiducials that are out of phase with each other.
20
4. The method of any of claims 1-3, wherein:
generating the one or more sensor signals comprises generating sine and cosine
sensor signals;
generating the one or more movement signals comprises generating sine and cosine
25  movement signals;
determining the phase difference between the sensor signals and the movement
signals comprises:
determining a first product of the sine sensor signal and the cosine
movement signal;
30 determining a second product of the cosine sensor signal and the sine

movement signal; and
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presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limt the invention to the precise form
di scl osedwoarwo7Msdi fi cati ons and variati ons are possi bIPETIUS20009b494Df t he
above teaching. It is intended that the scope of the invention be limted
not by this detailed description, but rather by the clains appended
hereto. CLAIMS What is clainmed is: 1. A nethod, conprising: sensing one or

nore f ducials di srfi%eé@mangmglf&rimﬁ@ietwnﬁ%ﬂ firgg produgt and ghnsseonst rroduct;
generating ong agr nore continuous, periodic sensor signals based on the

sensed f ducial's; generating one or nore continuous, periodic signals based
on nove rre nt ofgehtratisg ister@t signaleioatpnises taking aphasm dithd éifferanec bettweere thet he
sensor nal s and %Qﬁ novenen S|gnals and generating an error signal
based on THEPT At A iheserwddEodust. The met hod of claim 1, wherein sensing
the f sduci al s conprises sensing one or nore substantially continuous,
periodic f ducials. 3. The nethod of any of clainms 1-2, wherein sensing t he
f duci al $5.conpFliesegthednsinygpftokoms Uk fatter abinprisog tdjnstogsthe peveoditc f

duci al s tha%%ﬂ{e%fUt ofﬁphase with each other. 4. The nethod of any of
clai ms 1-SE"4NEP Wlhﬁg St 484y the one or nore sensor signals conprises
generating sine and cosine sensor signals; generating the one or nore
nmovenment signals conprises generating sine and cosine novenent signals;

det er mi nifag t hhephetBed af ¢lpier 2rivehieompeiningtistosmines subisaalpesitionalohg the

ToVerENt kgL SOTBUA SR RS Mo0bnéh LE3F SBRAGUCT Of the sine sensor

7. The method of claim 6, further comprising controlling a fabrication process based

on the substrate position.

15 & The method of claim 6, further comprising controlling movement of the substrate

based on the adjusted movement sensor signals.

9. The method of any of claims 1-8, further comprising:
sensing a reference fiducial disposed along the longitudinal axis of the substrate;
20 and
determining an amplitude of the one or more fiducials based on the reference

fiducial.

10. The method of any of claims 1-9, further comprising:
25 sensing a reference fiducial disposed along the longitudinal axis of the substrate;
and

determining lateral position of the web using the reference fiducial.

11.  The method of any of claims 1-10, wherein sensing the fiducials comprises sensing

30  one or more substantially continuous, periodic fiducials; and
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novenent signal; determining a second product of the cosine sensor signal
and the sine novenent signal; anddeterm ning a difference between the first
product amo 20t@78®eond product; and generating the erroPCIIUSR@N/06EOADr i Ses
taking an arcsin of the difference between the first product and the second
product. 5. The nethod of any of clains 1-4, further conprising adjusting
t he novenent signals based on the error_signal. 6. The nmethod of claimb5,

S1 g .
further conpriferthyy coewasmesiciegting gisereter filusis marksrpndhe pepstrate ane Hyfiating nal
axi s bas ] i . S St. t . claim
o urt nascriiicklith B HEHAL LT HARERE of BRDRlof 8RR mids PRSI LREAR
subst r at efplasdisérote.fiddcialmarkyet hod of claim 6, further conprising
controlling novenent of the substrate based on the adjusted novenent sensor
signals. 9. The nethod of any of clainms 1-8, further conprising: sensing a

refergncefi d%isféterﬂic%?rﬁﬁ%ﬁleg‘?” ong the longitudinal axis of the substrate;
and deterni ning an anplitude€ of the one or nore f ducials based on the

ref erence fi ducicasar ni@lulcTémmfigeted dol sofse any oomor fadurslsidiSpostdiniohgr
conprising: .sensing a.reference . fiducial disposed al.ong the. |.ongitudi nal
s o e BEDE P B SHBRERAGH R RN afteaRoS SoRttaRs G oHE it usi ng
the ref erginee daelbed ak fidhdialsThe method of any of clains 1-10, wherein

sensing the f ducials conprises sensing one or nore substantially
conti nuous, periigtil gcfergocialiguredria Bonariie one enpeisiontngutsepariodis dgrady et e

fi duclioal b%?&h?n QV%Hant%%lBlsét rad; atg%gdi nitiating identification of a nearby
zero Ccrossing of the peri odire> Fiddcl al marks based on detection of the
di screte fidud gHas@téSor configured to determine a phase difference between the sensor

signals and the movement signals and to generate an error signal based on the phase

difference.

15 13.  The system of claim 12, wherein:

the substrate comprises an elongated, flexible web disposed on a rotating drum,;

and
the signal generator comprises an encoder configured to detect rotation of the
drum.
20
14.  The system of any of claims 12-13, wherein the one or more fiducials comprise

two substantially continuous, periodic fiducials that are out of phase with each other.

15.  The system of any of claims 12-14, wherein the fiducials comprise sine and cosine

25  fiducials.

16.  The system of any of claims 12-15, further comprising feedback circuitry

configured to adjust the movement signals based on the error signal.

30 17 The system of claim 16, further comprising:

a fabrication system configured to fabricate articles on the substrate; and

17



12. A system conprising: a sensor nodule configured to sense one or nore f
duci al s di sposed along a longitudinal axis of a substrate and to generate
one or nOWe 0wm77ivaous, periodi c sensor signals based oRCThS2009860@Hal s; a
signal generator configured to generate one or nore continuous, periodic
signal s based on novenent of the substrate; and a phase detector configured
to determ ne a phase difference between the sensor signals and the novenent
si gnal s a#eatrekeiguisr enéigaredde coptrd ithpnfabrigpiion ¢y gem uniw g phaduded meyenys. 13.
The SySt%&%%h claim12, wherein : the substrate conprises an el ongated,

f1 exi bl e Web di sposed on a rotating drum and the signal generator

conpri ses an encoder configured to detect rotation of the drum 14. The

system of _any qf clains 12-13, erein the one or more f. ducials. conprise
two substidnt i éq}wétawtqfﬁl?&ast@ B&fﬁeb‘&?reprﬁ%mbéﬁr@e PRYUtCRFECBIY C@fﬁgﬁﬁ%‘? e with
each @t hefererthphe shBGraY E&s@t’iﬁ@ilo@ﬁhe@énlg%uafnﬁpaﬁgbéséd oWRARY Rl tddBotentiinei al s
conprise sine and cosihe f ducials. I6. The systemof any of clains 12-15,
further cenyrisgnalg. f eedback circuitry configured to adjust the novenent

signals based on the error signal. 17 The system of claim 16, further
conprising: a fabrication systemconfigured to fabricate articles on the

substrat ej9. andpRNyLeh SficlGmi 18 wheRnf:i gured to control the fabrication
system usi ng the adjusted novenent signals. 18. The system of claim 16,

further conprits¢ age eubeterfatueiaaoimnrion ove pemprerspbetanifally coptnupes arofiodis
subsqbat%kﬁgﬁﬁgion al ong the | ongitudinal axis based on the adjusted
novenent sensor signals. 19. The system of claim 18, wherein

the sensor module is configured to detect zero crossings of the periodic fiducials;

and
the substrate position circuitry is configured to make absolute position
determinations based on the detected zero crossings.
15
20.  The system of any of claims 18-19, wherein:
the sensor module is configured to detect a series of discrete fiducials arranged
along the longitudinal axis of the substrate; and
the substrate position circuitry is configured to initiate identification of the zero

20  crossings based on detection of the discrete fiducial marks.

21.  The system of any of claims 18-20, wherein:
the sensor module is further configured to sense a reference fiducial disposed along
the longitudinal axis of the substrate; and
25 the substrate position circuitry is configured to determine a substrate position along
a lateral axis of the substrate based on a distance between the reference fiducial and the

one or more fiducials.
22.  The system of any of claims 18-21, wherein:

30 the sensor module is further configured to sense a reference fiducial disposed along

the longitudinal axis of the substrate; and

18



the one or nore f ducials conprise one or nore substantially continuous,
periodic fiducials; the sensor nodule is configured to detect zero

cr ossi ngswof2otog7§eri odi ¢ fiducials; and the substrate POTIUSR@9/0669EUI tTy
is configured to make absol ute position determ nations based on the
detected zero crossings. 20. The system of any of clains 18-19, wherein:
the sensor nodule is configured to detect a series of discrete fiducials

arranged al ongh¢ fbsiraig giositian prpuityxs sorfigurerbtodetsmingad: anygudaref thepra 9rat e
position ¢i IR VA i initiate identification of the zero
crossinggﬁgggggkgﬁlﬁ%?%%?%ﬁ%&%gz%%gd%?gbrete fiducial marks. 21. The system
of any of clains 18-20, wherein: the sensor nodule is further configured to
sense a reference fiducial disposed along the |ongitudinal axis of the
substrate; and the substrate position circuitry is configured to determ ne
a substrate position along a lateral axis of the substrate based on a

di stance between the reference fiducial and the one or nore fiducials. 22.
The system of any of clains 18-21, wherein: the sensor nodule is further
configured to sense a reference fiducial disposed along the |ongitudinal
axis of the substrate; andthe substrate position circuity is configured to
determ ne an anplitude of the one or nore f ducials based on the reference
fiducial.
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