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present invention relates, in general, to an inproved

process for rmanufacturing el ectrochem cal sensors

and, nore particularly, to an inproved web

manuf act uri ng process wherein a substrate is

preconditioned prior to printing electrochem cal

sensor conponents. BACKGROUND OF THE | NVENTI ON
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a meter adapted to measure current or charge at the electro anufacture of such
electrochemical sensors requires the deposition of several layers of electrode material,
insulation material and reagent in a very small space and the accuracy and arrangements of
such layers is critical to the ultimate function of the device. Further, in order to hold down
costs and meet demand, it is imperative that the electrochemical sensors be manufactured

at very high speeds and with absolute accuracy of alignment between the layers.

Electrochemical sensors can be used for many applications. In one application,
electrochemical sensor strip are inserted into specially adapted meters for self-monitoring
of glucose or other analytes (such as fructosamine, haematocrit etc) in, for exax;lple, blood
or interstitial fluid. Many analytes can be tested using such electrochemical sensors,

depending upon the design of the electrochemical sensor, the arrangement of the



el ectrodes, the reagent used and other factors. Mny
of these applications, and in particular strips for
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particul ar size and construction, where the
manufacture is done within particular tolerances to
render the el ectrochem cal sensors having
characteristics which are as predictable and
repeat abl e as possi bl e. The manufacturing process is
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Where an electrochemical sensor is fabricated by rotogravure printing of
electrically conductive ink to form one or more electrodes on a flexible web, which may be
polymeric. High quality print definition is possible using very thin inks. For the thicker
inks and greater print thicknesses required when printing electrochemical sensors fixed flat

screens have generally been used in single feed flat bed printing of electrochemical



sensors. O her nethods, including nethods of

manuf acturing el ectrochem cal sensors using rotating
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manuf act uri ng process for el ectrochem cal sensors, a

web of substrate material is passed through a series

of print stations. At each print station, a new | ayer

of material such as, for exanple, electrode naterial,
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be quite viscous) for producing carbon electrodes is especially difficult as the solid/liquid

phases in the ink can separate resulting in incomplete or uneven filling or emptying of the
engraving from print to print. This can result in uneven print thicknesses and degradation
of carbon electrode quality and consistency. Cylinder screen printing is well suited to
single feed arrangements (as opposed to continuous web arrangements). Furthermore, the

ability to manipulate the way the screen interacts with the printing medium, and hence
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pﬁﬁ@x@) with 50 sensor strips per row. Strips 1 to 50 in each row are each parallel to the
direction of printing. Each sheet may be manipulated by hand between each stage. In
particular following the four print steps (for printing carbon ink, insulation ink and two
layers of enzyme ink) each sheet may be manipulated by hand into a cutting machine so
that the cutting may be done along the rows separating one row of sensor strips from
another. Next each row may be manipulated so as to be cut into 50 separate strips. These

manipulation steps are time consuming and inefficient.



anot her. Next each row may be mani pul ated so as to be
cut into 50 separate strips. These nmanipul ation steps
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PCT/ GB2003/ 004667 Therefore there exists the need for

an i nproved process for the manufacture of

el ectrochem cal sensors, and in particular, for the

manuf act ure of el ectrochem cal sensors for

nmeasur enent of markers in the body such as in blood or

interstitial fluid (glucose, fructosam ne,

haematocrit and so on). There further exists a need
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fa(l)cftorts ri]nedl%c}irrlé Et%nclzipsize, ink viscosity, relative web and stencil/screen speed and
substrate stretch at that point (both reversible and irreversible stretch). The image size
between different printing steps may also vary in unpredictable ways significantly reducing
yields. In one example, if the mismatch between image sizes between layers is greater than
300microns along the web the resulting sensor strip will not work and all of the strips in

that batch will have to be scrapped.

The excessive image size variation is believed to be due to excessive and

unpredictable stretching (due to heating and tension) and shrinking of the web substrate. It



that batch will have to be scrapped. The excessive
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heati ng and tension) and shrinking of the web

substrate. It 5 W 2004/040285 PCT/ GB2003/ 004667

woul d, therefore, be advantageous to design a web

process wherein the web or substrate could be
preconditioned to prevent unpredictable stretching

during the manufacturing process. SUWARY OF THE
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printing steps. In this invention, prior to any
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140C. I n further enbodi ment of the present
ﬁ@mgé%?#ﬁﬁgﬁin the preconditioning step, the substrate

is heated to a tenperature sufficient to renove the
irreversible stretch fromthe substrate as it noves |
t hr ougAn prder {geimpsevwawiing BRe pretpdIcredingdn thopreggat invention,

ot%up@ay be included in the web manufacturing process. For example, the tension at
which the substrate may be stretched is sufficient to ensure that tension is not exceeded
during subsequent stages of the web process. Further, in one embodiment, predetermined
tension is approximately 165N and the second predetermined temperature is approximately
140°C. In a further embodiment of the present invention, in the preconditioning step, the
substrate is heated to a temperature sufficient to remove the irreversible stretch from the

substrate as it moves through the web process.
BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with particularity in the

appended claims. A better understanding of the features and advantages of the present
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particularity in the appended clains. A better
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will be obtained by reference to the follow ng

detail ed description that sets forth illustrative

enbodi ments, in which the principles of the invention

are utilized, and the acconpanying draw ngs of which:

Figure 1 is a schematic diagram depicting 8 sections

_of the web printing process, Figure i.S sche i
invRnsign avillibe SORIRH YA RrER tofhg & ¥t 0P Srrinp o fpafsets forth
- RE bl ' hofithe vertid@E ufllized, and the
it .aS&gnu3@%@§?§%gpgﬁ§%ﬁgﬂgﬁﬁgﬂrth, and fifth sections
acodmpdrgyinpdrawprgsf whichpr ocess. Figure 2C is a schematic

di agram depi cting a sixth and seventh sections of the

web printing process. Figure 3 is a schematic diagram
Fig6RI 16k 1a8h@n Ay diskraf depioinE B kedtiods blthe Wbl frintiag grevesst h

ections of the web printing. Figure 4 is a bottom

vi ew depicting a hum d environnent around a fifth and

Si xth, sections,.. of e Lt DG -coked ‘ol ot
iy B oo Rap il 2k 8 scBdr s Rions OIR web prining
pdcéss. @ schematic diagram depicting a flood cycle

Figure 7 is a schematic diagram depicting a print

cycle Figure 8 is a schematic diagram depicting 2

hid G %ﬁgﬁ# ing &l h, 5@ FRGREHEInk ©f the web
F%P%g%%%fggg%ﬁﬁgg [ e?t;crngﬁta t%g%gg%é%saggsi tions. 7
pfdin(34¢840285 PCT/ GB2003/ 004667 Figure 10 is a

schemati c di agram depicting a screen snap di stance.

Figure 11 is an expl oded view of a preconditioning
FRaRe ¢ ?s]algchemgﬁcgﬂiragraﬂrgdép&tﬁg a®kith @8€ devehthvicoriors o€ the web printing

Irst drying zone (217). Figure 13 is an expl oded
pwocess. of a second drying zone (224).

Figure 3 is a schematic diagram depicting a humid environment around a fifth and sixth

sections of the web printing.

Figure 4 is a bottom view depicting a humid environment around a fifth and sixth sections

of the web printing.

Figure 5 is a perspective view of a pipe with perforations.

Figure 6 is a schematic diagram depicting a flood cycle

Figure 7 is a schematic diagram depicting a print cycle

Figure 8 is a schematic diagram depicting 2 different squeegee angles.

Figure 9 is a schematic diagram depicting 2 different squeegee positions.



Figure 14 is an exploded view of a third drying zone
(230). Figure 15 is an exploded view of a fourth
waleopissgp2gdne (236). Figure 16 is an expl oded ROBGBRG03/804667
first cleaning unit (204). Figures 17A-17D are views
of an insulation layer to carbon | ayer with proper
registration. Figures 18A-18D are views of an
insulation |ayer to carbon |layer with inproper
regi stration when the artwork resulting fromthe
screen 301 is stretched. Figures 19A-19D are views of
an insulation |ayer to carbon |ayer w_th inproper
Figwgil 8 iy asdhematip dinerare depietingy serednaswaR d1SBWRS-301 has not
stretched. Figures 20A-20D are schemati c di agrans
depicting the print results for operator registration
Figilretings Mebxplodadoyiew i b precunditiogug dend @i1)xi sual
Inspection during an initial registration process.
Figure 21 Ais an exanple of a sensor sheet with a
Nl . : | ' ond | , second,
e NG s
regi stration marks. Figure 21 B is an expl oded vi ew of
.one rQw W thi .sensor_sheet .with bon X
Figurgi1315 ag PHHOMY%?W T 7047048 29 B o003/ 004667
Figure 21 Cis an exploded view of one rowwithin a
sensor sheet with an insulation X registration mark
Figurerl4de an expjodedceiewof a dhirkdiying zone 68 Gar k. Fi gure 22
is a schematic di agram of paraneters X, Y, and 0 used
to register the web printing process. DETAILED
FiEeGRIiP4h eXpl6¥ed ¥ibWDSTRANUINE IEMBORbNHNTE). OF THE
NVENTION Figure 1 is a schematic diagram depicting 8
sections of the web printing process according to the
J ' I i émﬂé? 2 f nder unit 101.
Fl%g%fl ?;lc}%} a*ig%‘/@ggéﬁg‘f’%g%n %bll oni g‘ﬁlgtt(gtﬂ ?Mc')n 102. Section
3 is a carbon print station 103. Section 4 is an

jnsulati ri.nt station 104. Section IS first .. .
Fighiz§ AAAph N eSS ShTBRTatSa Y16 5Ddn Byelufharipdt regisration.
enzyme print station 106. Section 7 is a rew nder unit
107. Section 8 is a punch 108. It wl| _ be understood
Figyres 184el &k el s of arhigswationtlpyer toyeamben layer wih igRiongr

re%%%r%ﬁ(i)f \tzvhgrp th%%!rt%&o?ﬁ rfgsglting from the screen 301 is stretched.

Figures 19A-19D are views of an insulation layer to carbon layer with improper

registration when the art work from screen 301 has not stretched.

Figures 20A-20D are schematic diagrams depicting the print results for operator
registration of the web using a first view guide for visual inspection during an initial

registration process.

Figure 21A is an example of a sensor sheet with a first and second web view guides; first,

second, third and fourth Y registration marks; and X registration marks.

Figure 21B is an exploded view of one row within a sensor sheet with a carbon X

registration mark.



a process and apparatus concerning these 8 sections,
the process and apparatus of the invention can be
wepdvamiess i n greater or fewer nunbers of sectiPOBFGBE®B/004667
exanple while 4 print stations are envisaged in this
enbodi nent, one or nore print stations could be used
W t hout departing fromthe scope of the invention. In
one enbodi nent there are a mninmum of two print
stations for printing an el ectrode |ayer and a reagent
| ayer. In one enbodi nent of the present invention,
Section 1 nmay be inplenented wusing a substrate
material unwind unit 101 such as, for exanple, a

Mar t - Unwi_nder [ Aut tic Spl.i.ce which.ds i.labl e .
Bl R A PO So P g P sy DX s i fion
répivpatomBiatk 6¥erlcbatingw efibdrON refseitioansa®, 3, 4, 5 and

6, may be inplenmented wusing a nodified Kammann
Printer, which is avail able from Wrner Kanmmann

chi nef Cr . . . ’
FERCE B% b i TR RSB RS, Y oA 0 ed W ol i
pentify/feceke- conditioning unit 102. Pre-conditioning

unit 102 rmay be used to precondition substrate 242

prior to printing and sections 3, 4, 5 and 6 may be

US eORIAIPEPBRSPRIPTICI DML USYRA PIVIORMBODRMERTOF THE

and second enzyne |1 nks onto a substrate 242. Section

7 may include rew nder uniNVEDNTIONh as, for exanpl e,

a Martin 9 WO 2004/ 040285 PCT/ GB2003/ 004667 . Rewi nder.,
whi oh (19890 1?&@9%6@%5{%?%@?#@»&&% F&PHF RE thef¢b printing process
abREdih O tthe phesemSatdion 8 SERHOn 1 BGh Wi w1 01.08e®i¥R D is a pre-
as, for exanple, a Preco punch which is available from

conditteningPstaizen 102 Sestion 3 is Kearbersprant stastdel 103u Peefton 4 is an insulation

2024- P- YT. . Wi |l e specifi.c |s of. .
ol 0%, SESIORY ot e PR kel 1B oo e srgynd
eSSt Gtatibal/106. Sé@idhaGed renihder udtTl 07 eSkcebi B 4Ll figich 108. It
wi t hout departing fromithe scope of the invention_as

vight pe updersiperh by those siglled mabead khat wleithe follgwing description relates to
a Ekﬁ%ggs%d%?ﬁaéﬁg%gc&ﬁngi&sé g Iggéfﬁtnls,cthg ngﬂg%r@td a %aratus of the

ustr at e pat substrate sses
invientbergéanSecitmdsedlin@rater ar Waster pruinbiersngf spetdss or example while 4

according to the present . i.nvention. In one enbod
pRRCTHion? Ripcstvtaied B FEabapiiAnt gt rise BESTA Hs 0o be used
wilutQRpafing Fons BleopBdahd AlvehtidAdR JAdERbYRIndMethefd dre a

ST328), which is manufactured by DuPont Teijin Filns.
m@uibsin of evoprintistationp fir pudtingameledrddedysranéd piredgentlayeth

may be, for exanple, nomnally 350 mcrons thick by

370mm wi de and approx. 660min | ength. These

In one embodiment of the present invention, Section 1 may be implemented

using a substrate material unwind unit 101 such as, for example, a Martin
Unwinder/Automatic Splice which is available from Martin Automatic Inc. in Rockford,
IL. In this embodiment of the invention, Sections 2, 3, 4, 5 and 6, may be implemented
using a modified Kammann Printer, which is available from Werner Kammann
Maschinefabrik Gmbh, model number 4.61.35, in Biinde, Germany. In this embodiment
of the invention, Section 2 may be pre-conditioning unit 102. Pre-conditioning unit 102
may be used to precondition substrate 242 prior to printing and sections 3, 4, 5 and 6 may
be used to screen print carbon, insulation, first enzyme and second enzyme inks onto a

substrate 242. Section 7 may include rewinder unit 107 such as, for example, a Martin



di mensi ons of thickness and wi dth have been found to

be particularly suitable for the production of
web@ansshem cal sensors by flat screen printiPQI/GB2@3/004667

web of substrate. This is because of the requirenent

for the material to be robust for printing yet

mani pul abl e through the apparatus and of sufficient

wi dth to accommopdate a suitable quantity of sensors

to render the process conmercially viable. Substrate

242 may include an acrylic coating applied to one or

both sides to inprove ink adhesion. Polyester is a .
Rewindezy whigh ireaviailplele fropedtaride Aptompéicdne dn Reekiord dborectjon 8 may

. at .eleva t enper at ures _andqt ensi QRs - [
indis’s G308 STELEY Bty e EPRBIT RS SO i prco
PrBR| Mgk a, XKidsdsne eesteMrtiinbere 024 P-4¢e X YO €08 CEd While specific

mat erials in one enbodi nent of the invention, the us
medelnfisppanstis arq meationed, these Rigres ShHRRITHYS 1AB be vared adfpr

St ctof 0L ' . . _ .

L R e R T e

willlbealndestood Wydhdseakilledémdtetarican be envi saged, a | arger
width or length offering additional capacity for the
producti on of sensors and a variation in material

thi ckngsgirds™ A5 OfParfd J€ HERLRARAR RAGhRS ilhﬁ&at.in% the path of substrate
preconditioni g, or registration during printing. In

248, agiitgfasses darougtb Setitivns il -86f & web primingmrocasy eenording tqthe present

.to enterin rbon int statign 103. .SuU ra

iny @S0, St erio g b Elneh i, A main e Ky e may be

a pd1§ester whidad (teadéfhahte M8fndx ®ISTBOSY, whid@Gk AgnufactufetEey DuPont
significant tension to try and ensure that substrate

Teliin Fidspe Shlsieatas247 in svnntedivre sell oftapteripls vdieh may b forfeample,

he bl : ! ‘
gy el s iR R Dty WA B BERR BB FRIRE. These,
did¥ens 0 FAKRES s BRAT widR Badd B4 G6uhd tebegartiontasly. suitable for the
Typical lly. the tension used has been.mninmal, just .to . .
PrefifatioE o6 RIeCRFGTHAL SESBs RAEH PGB ot e pT Substtate, This s
bR\ the refuil@ter? 8 hé RI4ARTial RATe B8R 1S ridtng yeEMhnipulable

stabilization process, variations in registration
thfqughnthoy apparasuseyndtod spfficrent sidth tearsonweadatecmziahly qentiiy of sensors

failure. Thus, a precondi.tii QniLngd..s has. ke . .
oy e e E s S S PP kg Incl g gt coating
a]?%i@éi & fiRbrivetedidalth @hprdve ihlbaihesies ORdlyestonis agrafefpd material

section 1) the substrate is heated to_a tenperature

beoayssiichabpyessetsiaytoghyesckavated denpasgtures #pd fepsions uped during the web
pr%ggsg g@éo?‘%iﬁ g ?Fgglg :?Jgn%tﬁ{ft%flﬁérﬁ%oﬁr 'ienﬂdlf%tez ltaiég ﬁt(deg@ ex are the

preferre e substrat'e ept " under
plefon®i amter{alyin delembodimemn df fie5iNyention thg useofother materials can be
preconditioning step. Indeed in this enbodi ment, e
enaREchRY those %}?ﬁ’?ff Bt dioa, GescRpUgR REQVALPA irEan- hndSed, amongst

ofhENRInRE, VaRiatiSHsGA hateridt WicRbss BRdth and length can be envisaged, a larger

width or length offering additional capacity for the production of sensors and a variation in

material thickness in some circumstances aiding the preconditioning, or registration during
printing. In a preferred embodiment of the present invention, prior to entering carbon
print station 103, substrate 242 is exposed to a heat stabilization process, by heating the
substrate up to 185 °C without placing it under significant tension to try and ensure that
substrate 242 experiences minimum dimensional distortion during the web printing process

where temperatures of between 140 and 160°C at tensions up to 165 N may be

10



variations in print registration and inproved the
resul tant product yield. In one enbodinent of the
WO pwenti2eh, rolls of substrate 242 are spli cedP€DGBRIVBI004667
in either unwinder wunit 101 or rew nder unit 107
usi ng splicing tape such as, for exanple, PS-1
Splicing Flat- back Paper Tape from Intertape Pol yner
Group. Figure 2A is a schematic diagram depicti ng
section 1 and section 2 of a web printing process
according to one enbodi nent of the present invention.
In Figure 2A, section 1 is an unwi nder unit 101. .
entimwiterdér Typicallyltbd tensioh wdedshdsibesn maninst, jp o sufeisatto drive the

rbor 1, fir splice,unit 202, i . e s
welt B dphelst ot bt Pesn o e iletis oo stabilization
préQRY iviatiitind in RHgftra@6n H8#h pritit 8tepad iihi NEY ¢4 oot ¢a0sing 8&hsor
I ncl'udes first cleaning unit 204, second splice unit .
fahe. Tinischprependitioning step hat begs detrodusgrbimnmedintsly g1qr & printing. As

6 o) A ' ' 7 - ' .
o G0 8 28 65hlond e bt
to dlrt}alﬁf)eraﬁi’@(éﬁidallyl 1500 geeaten dianmgy t@ﬂpdr:ttereioihmmuhms during the

illustrated in Figure 2A .unw nder unit 1 onsists, .
latsF pripténe Espani e Pgefﬁifﬁ?‘_% FROOSHCAE PF&E?F&W&? fgo gptinger tension
(t}ﬁ?éagll} ArGundSIBINY Qul,lfiﬁ%:%ﬁé p}%l%&ﬁldiﬁd?ﬁ)g:s%ﬂ. | FTAHEUHSn ARRY @B BEiment, the

dbstrate 242 e-condi tioni'ng station 102
conttdeation of pesiditioning appploxingandéryteigion hagasatiyaedusail the

101 nay include a first unw arhor ,20 nd .a nd
veiRipRnth B Lteepgehon giebmayedte fspHin gt AfaD 13 55
eI BRERD IR iSertioNBoHls OF subsirhie 242 drsMplidedfopethe?@Qither unwinder
holds a roll of substrate material 242 and

urgoHli eruowinidgr vnae)y usingsplichugdapespch ag, dor example, PS-1 Splicing Flat-

- condi ti-oni i section 2. Second
ba@k%aﬁ%‘nlgﬁp6£?°“>@%f§a§§ﬁ)8§9%&% 3%by roll of substrate
242, which is automatically spliced to the end of the
roll of substrate 242 from first unw nd arbor 200
ensur | rfggl&g 335 3 sdiwmatig dipsray Bﬁﬂ’lﬁt“léjﬁ‘ Svgg':th‘b‘% A \éec%?ﬂn gt a web
p%?%?égg&g@&cggﬁgfcﬁ%ﬁg 33BNt 0f i prdsBhiSinG&itohN WO Mizure 24,

s repeats Tromfirst unw nd arbor 200 to second
seation hds arbovind@@bit 181 s Unstinder enitd 0% includes st arhoa 209, second

03 stares .a pr erm ned | engih of,substrat . . _
e B SpE o ol 0o B SLarpB il 2035 W b 2, 3ion 215 pre
cdMafiAsthii @M 020 Fab-abhdifodidg Setio a0 iludes WtIckeaningemit 204,
splicing operation takes place in first splice unit )
sepond plige unig 20 whichitypisaliotsmot weeds inpend pipFpliey 286 gpond cleaning
2 d . se ' '
w Ry BOgRE 06 LAY 00 i BGR BhE 11t aHAF one 211
splice tape on either side of the material at the

bf pri b B otpdimentof fiy e o lus it B F U 28 viger unt 101
cdlifits of, for example, a Martin Unwinder/Automatic Splice which is used to facilitate
the continuous movement of substrate 242 into pre-conditioning station 102 under a
tension of approximately 80N. Unwinder unit 101 may include a first unwind arbor 200
and a second unwind arbor 201. Note that an arbor can also be referred to as a mandrel.
First unwind arbor 200 holds a roll of substrate material 242 and continuously feeds
substrate 242 into pre-conditioning station 102 of section 2. Second unwind arbor 201
holds a standby roll of substrate 242, which is automatically spliced to the end of the roll of

substrate 242 from first unwind arbor 200 ensuring a semi-continuous supply of substrate

11



splice. First unw nd arbor 200 and second unw nd ar bor

201 includes web edge guides (not shown) which guide
wGaiwgnease 242 into first splice unit 202. TheP@EGB2@IB04667

gui des are adapted to prevent substrate 242 from

wandering as it is being fed into first splice unit

202. Typically the nmachine of the invention is set up

to produce between 2 and 10 and nore usually 6 rolls

of substrate at any one tinme. For those print stations

connected to a continuous supply of ink, the nunber

of rolls to be used is not usually a problem However,
2420 Thisroentineous proogss 1epdats frem firstomsyind @r%@hzwoa‘pecqnﬁli ynnd arbor

unt of ink is supplie the n [ f | |
(iR i a3 At A PRAC e el B i uBiirare 242
andUT§Rs&fthé Sibled stibstiage UREHto elconditiogiag ktatio MORI6f seofion 2 while
ink placed on the screen prior to start

f the .
the ApHGIP GP SHRTEIgkes e n Bk RGeS W 203 (GUriRg WhiCh fmeebaty e first
ur[‘?iiilﬁ %{C})o'r Y5H AAPERohd AR it 291 ‘Qﬁ%r dhidbrys! Jic&Kredled is a butt
placéd on the screen prior to the start of printing
splite @dthhn lehgthedf splarsafe ardthér sidhoSthe ninterah atytire joink In order to

cEes i, B KL 0 o5 e LBt R LU LLARUEOM ot
s;ﬁ?é@.r Fgm.gx%ﬂa 8rbbt 260 Ald deBshdiwihd bibor 261 MRluded¥eb B&KIouides
pl aced about the

screen in the enzyme print stations
(miob stayven) vehicth gitidesubsfrite 212 fitto Simsd spliceginite}02y ridieiwdb agdgn guides are

N e e

of the enzyme ink overflowi ng the screen and onto the
web substrate running belowit.) In one enpodinent of

the pr dmirallytveneshing ofghp mventien 349t ypso merdycs hefreen 2 and 10
allgdﬁ IQ%{EG I Pgl{lyo @P&{so sﬂ@sln%{eyat %ﬁ? gliu-lr: gﬁ@g&t}(%ﬁ% Piﬁt H5@&fkdnnected to a

maintain regrs our layers

cémineupsupplyast iflkt, Wips mahbey of hedlspo batisedeig inet wsasllya problem. However,
to]l erance is 300m. The substrate 242 js..also .

f‘&d&? BER ST BERF TS DBEFIL RIS gmopatRYiBk 1Y woRlicd, the number

0P8 ko bOusiMs bl BnpdRfabfihBtk pabdiSetSlr TnAELISRE RurRbdrfirdlts to be used
step. Due to this tension and tenperature, there may

diernaines] the WRo0f/iglk pl2es! ROTE SBROUBYIOUA GBI of thaprénting process. For

for ,substra 242 .to str.et.ch aor, e durd ng t .
HPRE S B s S t Goeid B0 orS G R Vih OPerk D s are placed
oh 8 stded lprioP td 1k ShARE Printifidedch BEsdciB@ES &id?& Thus, the enzyme ink

variation fromprint stage to print stage and print .
neqgs 1o be jsentrin rqadimesssfoparintingthyguehoyt theprigirpmio ¢nghre consistent

- . | . )
o) PG R e PR BT S st
séreérintthatedyhe pfiigtition2 & erseithain @ffidern gm@mnt of enzyme ink can

be added to the screen without requiring the screen to be topped up duﬁng arun and also

reducing the risk of the enzyme ink overflowing the screen and onto the web substrate

running below it.)

In one embodiment of the present invention, substrate 242 is held under a
tension of approximately 165N throughout the process in order to maintain registration of
the four layers to be printed (typically the print registration tolerance is 300um). The
substrate 242 is also subjected to various temperatures of 140°C or less in order to dry the

printed inks during each printing step. Due to this tension and temperature, there may be a
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conditioning station 102. Pre-conditioning occurs

before any inage is printed onto the substrate.
wEavsniase 242 is pre-conditioned to reduce thBCEHGBWE/004667

of expansion and stretch wthin subsequent sections

of the web process and also to aid the registration of

substrate 242 through sections 3-6. Preconditioning

station can heat substrate 242 to a tenperature,

whi ch is not exceeded in the subsequent print steps.

Typically this takes place under tension of betmeen

150 and 180N nore typically around 165N. However, i
teiztenthfar subsitatel247ctatstrpich ot @mnd idoring glegzra@qswdm@swﬂy fall

t substr 2 to0.a [
oo R TR R GEhal S e f FRARLY e PP £t pftage to prnt
sta%%hﬂ pEiRE fu@rnalpkivt #ii s evellrag evithiie thei pint nasitdifseasinpredictable and
ove. In one enbodi nent of the invention, the

highgsshanopld ke telesatedt t o approximately 160C in the

precondi tioning zone 211, which is illustrated in nore

detail in Figure 11. As explained above, in one

e mbodi Irethie eﬁﬁbotdhﬁem of gertveantion liiilistmted titn Eiguee s sgetions?2 is a pre-

8 whj ch qibr 242.is heated i.n pr =condi t i oe gh)ﬁw
copgoPtE Bt 020 B RO BB Re g AR e b SR
sugg’d)aﬁ@ 'S aRf 28U B @nBitidfiéd to reGhdéthd SmEutRvT@KSAkion and stretch

rying steps. SubSequent print processes may.
wﬂ}nnpebﬁyqu@atfsgcrtlomh ef éjew@lbmrgcessa 1sq M@t}m;gglﬁ@atmn of substrate

2B Rl P EARG5R Bo bl R B B,

whicB i€hdt ex§ébﬂ6@{h thie 26bseduent p@hﬂ syepm)ypwanytthe takes @tice ander
of travel of the web The praovision of new screens

tegsion pebgseen EHhandcE0 epredybigahaaeviet Lo Howeyest gagother
erggorc?ﬁglﬁxtg% -i%lﬁncﬁaffﬁng ktafbn B %dnq{éat §L@> @€ AT RP A BnpRrature sufficient

Ize Wt rep acl ng the screen,
to&HmeafhetlhevdrﬁbEtslweh fepesbsite 242, agpineeptioaallly whide wadsr tension
%&vert eless, thereis alimt to the anount of inage
#PP¥Ei on that can be accommdated. It is
therefore preferable to precondition the subst rate as
described herein reducing the overall inmage size
i ncr eade onedmbedinwinhef themveationa theowbstrate & eéteﬂﬁ%gépfommately

l@néené ﬁge%g%%ﬁ{hoﬁng(%gg %gf”vghlgl% ?sslllﬁscfigte%ﬁqgcﬁje AA8% i glupe 11. As

resent | nven

el An€Pitdve] i@ine @nbbaimeanoflifié ppdseitt ihvintivolethe tetithetdtagad which
el ements, which performfunctions, which facilit

sybstspe 248 pehertaddn Pe-conditigunE RO P PRAGNE P &S ﬁef during
SRS B SyhlR B3R AUy gty S
ptititi firecesses fohaystongponsaté fog thenilighlP largerdmage dootoditreichingi cagsed by
thlér%)lrcgcess of pre-conditioning station 102 by the provision of a slightly larger stencil
screen size (typically 750pm in the direction of travel of the web). The provision of new
screens can be problematical. Other parameters can therefore be varied at each print station
to accommodate a variation in image size without replacing the screen, such as the relative
speed of the screen and the web. Nevertheless, there is a limit to the amount of image size
variation that can be accommodated. It is therefore preferable to precondition the substrate

as described herein reducing the overall image size increase and reducing the variation in

said image size increase.
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207 which clean the top and underside of substrate

242. First cleaning unit 204 and second cleaning unit
WwWQoW404e83% acky adhesive coated rollers to renpoRET/GB2003/004667

particul ates fromsubstrate 242 prior to any printing

step. First cleaning unit 204 may be, for exanple, a

cl eaner commercially avail able from KSM Wb C eaners,

nodel number WASP400, in d asgow, United Ki ngdom

Second cl eaning unit 207, for exanple, a cleaner

commercially available from Teknek. Pre-conditioning

station 102 further includes inbound nip roller 206

and a Id eafersRddimaiof theypresuid invieptiom Ipkeecorditoriing statiwh 102 also

_to control the tension of substrate 242 ecifical
inplydes additionnl demorteyviigh eﬁﬁ%ﬁlﬁcvmsr hicp ez propet optration of

?, Hﬂcﬂﬂhﬁ @8}&3&" Lohng to It!é@ﬁ‘é&‘ﬁh {Hv@nﬁ&{ | ﬁrpr&QQndlﬁomng unit
In VI a a ontr systen1 not ad cel
l(EQﬂlere‘:‘atb o atch cMﬁlngsnms,rmﬁlsﬂclémug met%fﬂarehazmmbclpmng unit

2 sy 1o Lindsate Bhmfs B 245 olirs sRafingag 294 and second
cl%ﬁ?éjﬁrﬁf’?dﬂfsettfﬂ? aﬁﬁes@fle coatddsbnas e l?eﬁﬁ)v‘éﬁﬂﬂldulatésfﬁom substrate

noving through the web process according to the
24 mrieo any praging ssep. Hirs olearing upit 264 may beolr azs?mslﬁsa ¢leaper

oS REGLD i kST P I IR0 By s, s,

Uhfle K WRBoMB ISt dlédnivg RiiODET for cxampleda Q@aﬁﬁ d)hﬂlermally available
present invention woul d be apprOX|n?ter 150N t

fram doyle Prg;y@edutxpw&syat@ed%ﬁgﬂﬁm udes 1hpugd nip tp rollér 206 and a

1RFRAPHSEE bl 5250k S ARALOU IR MALATE ofdubtie 25
'S a S agram eplctlng sectl on , section 4

(s@éﬂﬁﬁdﬂ@z&h@tbnﬁoﬁbetv@emmﬂaqund nip mﬂem?(lﬁcmslsouﬂmwd aipuyllen238).

I@gpyfgwgggﬁ%tzlo S &%ﬁ%n\ig)lg rc]:mglf ayﬁ?ra %bqt ﬁg{"’ﬂg{é lgad cell 208.
st s@r@ '21? iSYRASARU 5Dt StbAd bRAn{AH Al RRbE 106 BTRectie6 BY a constant

eans the top side é rint side) and underside
ravé by mab@ubbtlp solter lZéSn foad ¢ S@ﬁ@prtﬁ msasusessthe fgnsiogof

sURRaS A2 PR B DR e Oy St RLORRE O Wi BBt

invehtsdh. EIﬂE’omfﬂQﬂpl POlRk 206 adjuab@s speed it amles td dmtrshﬁmtwmtoa ata
i mediately prior to the chilled roller 212 and

peedetarmingd &t Powd. Arfapicrlsubsigate feggien in 4 ¥ek Saangfastsigprocess
fl Slefie1 SUN &M Fand
B0 AR B RSP B N o
spetifhdilat 60y tal TG, it isis euibsdilr&tlt?the)te:nsmntlh @pproximately165N.
pre-conditioning wunit 102. Carbon print station 103
includes first chilled roller 212, second accunul at or
14 WO %Q%ﬂ/e@ﬁoig %@cﬁéﬁﬂt@%ﬁgﬁ%%ﬂﬁﬁﬂg settidn 3585808 4Rhd Bdction 5 of
roller . first vision sensor 215, second drive
avablpeintig Brockssrastonditigdp thopresent invention. In Figure 2B, section 3 is

carbon print station 103. Prior to printing (a cleaning system is installed (available from
Meech), which cleans the top side (print side) and underside of the substrate using a
vacuum and brush system, the top brush and vacuum station 251 and bottom brush and
vacuum station 250 are offset to one another. The top brush and vacuum station 250,
contacts the substrate immediately prior to the chilled roller 212 and accumulator 213 and
is the closest accessible point prior to carbon printing. The underside brush and vacuum
station 251, contacts the substrate immediately after the substrate exits the pre-conditioning

unit 102. Carbon print station 103 includes first chilled roller 212, second accumulator
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217 and second chilled roller 218. In the enbodi nent
of the invention illustrated in Figure 2B, section 4
WO gooue2BRL i on print station 104. |nsul ati on pPCTIGB2003/004667
station 104 includes third chilled roller 219, third
accumul ator 220, third print roller 221, second vision
sensor 222, first Y registration system (not shown)
at position 237A, third drive roller 223 and second
drier zone 224. In Figure 2B, section 5 is first
enzynme print station 105. First enzyne print station
105 includes fourth chilled roller 225, fourth .
213cseoond @ind rolR2 814, forst vikioprsemsor 2t pisteond Zpive roligr2d6, first drier zone

vi Si,on sensqr , 2 cond Y reqi stragjion <
o1 oS aBt S e PSS B 0 PO TR Mgt i
2B 6é&@on 499 Biseidlon pAnEHEAHRCRAES astiodiphiat statiéh e0pinelded third
invention, section 3 of the web nmanufacturi n(g process

chilledwplder@ 19 shiséd acpmitiaton 329, skisd printgelder 231, segond wistoggensor 222,
id.l_be .appreci SKi i - )
el R Ey e Bt St 0G50 251 kel dhipE el 223 854 second
drisk o240 ep Bidukd2B f eotiont Biés filsveamyineprinhstation b5 altiess enzyme
context. For exanple, fwQ arhon_prjnts b .
brip Solie LRCBRE BPrirsPuleg ol @oa Rt AFGUpE 726 fourt prin
roffg1't2§7I I§rdRAidd SenEst 2285 bdBRA ASrebiéBhtidil ¥yRicht] &t 2378 @iot shown),
gol’'d dbr palladi um baséd i nks maAy be used to provide an
foaltle diivorbiiet 289eandithird deeet@et236chem cal sensors. The
i nsul ati on and reagent |layers may also be varied in
their conposition, order of deposition, thickness of
deposi Q?m%&q ab@#aitie 18 $he Weddnt Aventibn)bdttion BATAEHES S
apparent to those skilled'in the art fromthe .
mamifadinngprecess ssehdrp earbpn penting takesplaea. df cpursepes will be

carbon .artwor k. far. the el ]
orRErRALOUPEY Tl SRR O R L S SAERRRAE processgy can be
val waghobf dephlBlgfon izl ifgertionée its bpadest cogextTHer dxasiple, two
conmponents of the carbon print station 103 are . il
carhan printgmay be p,ropqc@gpégng or BQFE prints Wlfgéilalf OR yith 1:1’16@1110 particles,
sibl/GiRR aﬂgﬁ&eﬁﬁlkg)} ngdQﬁ gﬁﬂ&(ﬁﬁﬁlﬂ taded @k$ PRy BE @8&IVo provide an
cludeS a scr

Invention In een 301, lower print roller
cla@dde payienin thekleetrod®icad séisorsd Thicaniwl$ios and rengeridgyass may also

hol der.~ 605 and . 606. |n.carb i nt.
beYarkendn e orpprifionrar dsnerie Dutkie o dhbslligp pagttavout as
wel 4s infh& Paradlers Spptrerfl e Bloaé biilléd @tthe o Sohiithiiegibodiitents

typically conprises a nesh arranged to provide a
desenfzedi heeeinf In seetiernr 3.1tbe Rarber prtwark fopthsslectiarhenaical sepsosy

t h i & ' i At a0
oG P e S IR chho ! DL e e
pratting0Thébasld dimpphame obyhet dagbongiriph statibn 10fare iftusttateidsn Figures 6

especially true for the enzyme print steps in which
) 1 Irpartaliricuiigblsorind satier peaegling o e SEtIRYGHIon fpludes a
scrSen B Holwér 9&1&‘?‘511&%39 Bribf 18 1USCERER flod@blade 603, a squeegee holder

605 and a squeegee 606. In carbon print station 103, print roller 600 is second print roller

214. Screen 301 is of generally flat construction and typically comprises a mesh arranged
to provide a negative of the artwork desired. Carbon ink is applied to the mesh and pushed
through it during printing. At this stage the flat screen may be deformed slightly out of a
flat shape by the weight of the ink (this is especially true for the enzyme print steps in

which all of the ink to be used during the entire print run is usually deposited on the screen
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WD 2004/ 040285 PCT/ GB2003/ 004667 at the start of the
print run) and the pressure fromthe squeegee pushing
w0 b@4jomie8s hr ough the nmesh stencil. In a fl 0odPCHGB2003/004667
process in accordance wth the present invention,
screen 301 is charged with ink 604 by novi ng squeegee
606, flood bl ade 603, print roller 600, and | ower
print roller 303, in first direction 608 which
corresponds to the web novenent of substrate 242.
Screen 301 is noved in second direction 607 opposite
di rection 608 of Str te 242 for
at it g Bf kDG e PR Bt A et oy R dfrough the
Inéﬂg§ﬁgment print cycle process in accordance with the
present invention, as illustrated in Figure 7,
squeegee 606 transfers ink 604 through the screen 301

d
22 ue g S%’e %%%P 3?3 egé{gcﬁsf ira%&g@?ﬂg pﬁ{ﬁ tthJ en? Xxg%xgnorf Q@raen 3011s
chh@e fwifhlihk 604 By hewingQd3ueddee 608,dldod Haiewid, pthxlteolle:raﬂﬁ)o and lower

607 which is opposite to the web venent _of
priny peller 40% i fipst duestion POBohirh copssmengso the web HHOV%‘BW&ﬁ substrate

0

>8Rt 301 956 FR S ot U LRI i o o

supstehe? X for theglvodsycleavhed®inkaitd islelpogid @do mre@ulﬂsk rate
242. Thus during the print cycle the screen 301 nobves
in the sane direction as the web substrate at the sane

or very, N&dkbdue hﬁlﬁ%?@lg%?&%@s in3Rcdrifncewis] hatpesediifivention, as

screen 301 i s substan 'y flat when at rest although
illipstrateskiniFiguire 7, qmusmd 60¢ trahgfersduie6¢btramh thosmees3Glipad onto

S ERPIEP LA 5o ARS8 oo,

andnewspiRe esiRr 80 all noveiy&dnd directioh@0d avhidik dpbesﬁte to the web
noves in the opposite direction _to _the substrate

mpeernent oETBBTP P2 PRrCBHL § is seKpd A first Airediion; 008 his > corresponds

to Ql}{e,q;vﬁb m\%@ﬂer& E)?Is d 'frrargxflmggggﬁg f c?}é‘fh&%e q d@Oéﬁl@ bubtd through

scmnééh and BepositedeansudBttate 242t Thus clurgigetht printaycle the screen 301
direction of .travel 608 of the as it | eaves

Yot CCRER Sirec4n & (Y Ve GBI X EHCergr ARy the same speed

astMOsbRirhtY. Bedndn 301 ‘i@sﬁgtaﬂl‘?zﬂryeﬁa‘i vl abRis€although in use it is
ecifically around 15 degrees) inproves ink rel ease

pusﬁcm e sqeaer i brcamaint g o s s bppens

ang é%ll ; la@y 5%3%ng tsoptgdh'%lga S Pé( Oncsetclﬁee ecﬁ{ ?ge% 608 i a8 removed The

scEdeR 1301 €fon mGAN GedROPpOsifer dlﬂsbtldilﬁid the sythieias Iit, is $¢16¢ded w1th ink
di stance, rel ative speeds of subst ti and screen and

604craadbifior themes kRIS cyelf: menﬁhe uﬁféa ote 1t scagrg 301 the weight
of9Re ir&lrﬁ n%\gfa sd ﬁ?ﬁs Sf%@ﬁd ? rr%k%ééﬁn?’(ﬂqg an angle to the

consi's acr a card Fent of a sc¢reen
dipactioh bf@a\maé(l)&mﬁ' thewieb ad @deavieb dté print station. This arrangement (the angle

being typically around 10 to 30 degrees and more specifically around 15 degrees)
improves ink release from the screen onto the substrate improving print definition and
reproducibility. The screen to substrate angle, squeegee angle, screen to squeegee distance,
squeegee to print roller position, snap distance, relative speeds of substrate and screen and
squeegee pressure can all be used to control and optimize the resultant print definition and
consistency across a card (One embodiment of a screen printing mechanism is described in

more detail in issued US patent 4,245,554 which is incorporated by reference herein.
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nore detail in issued US patent 4,245,554 which is
i ncorporated by reference herein. 16 WD 2004/ 040285
WOEODABBR2803/ 004667 I n particular, in carbon pPCTGB2003/004667
station 103, the ink in question is a carbon ink. An
exanple of a suitable carbon ink is set forth herein
below. In this enbodi nent of the current invention,
screen 301 is flooded with ink 604 prior to using
squeegee 606 to transfer the ink 604 through the
screen and onto substrate 242. The printed carbon
artwork deposited on substrate 242 is then dried
usi ng, for exanple, hot air at 140C directed onto the

e ST i arb P PRl 7 45 58 4 B SR Bfonnkc. An

exhib 0 fTaAkRGbIE BarBB Bikdsatitbrth Rerbindsl@y.1an tﬁsletrﬂi@klﬁnem lof the
for use in carbon print station include, but is

cukiienf me@httog; sazeen3Oh isfleaded yethgink 694 rpgpf 'qod.}sgg squeegee 606 to
B 4 A P S on v

depbsitedtin subMtestd 24M1s thphidoied usinghfor eradygle, Tt Iamtai: h@)"C directed onto

process and jimrediately after dr B%” subst éﬁ%ﬁtdn
the pripied sedfacs\f the:supstral using fque senaaty dpvingbankh mathin (e first drier
zo%?%igg O35 Qi dﬁ&'at% Yo BRI dHPRIFiBNE 1242 to a

termne erature, typically roomtenperature
(around 18-21 C and typically 19.5 C +/- 0.5 Q. In
one enbodi nent of the web manufacturing process
Swaebyidk fer use id &lﬁb(ﬁf Iﬁﬁﬁ ltatlbﬂ v;&:lhldephuttlh potdimiteicte, giibon with

first chilled l'1e tel C. First
méqa}lhqmah%% sibyer/silver & b BReL. oAy B‘af Gpgictive printable
nperature using, for exanple, factory chilled water
at around 7C. The tenperature of the roller can be
contr ol I ed by control ling the flow rate and/or the

tenper ture o ctor illed wate .

printe 83? B8RO ‘%‘?F’t‘t ° %rr% “ggﬁ’&g QM HTI0 n{otth%c%§§%£>ﬁﬁt1ng process
arldl RS Bately RSt 4R, Arbdtrhts 20D $SRMssdV@Bler & Bedbilled lr(blleedlfz which is

roller 21 Reducing the tenperature  of substrate

d@r@edm rapilyiFon) Slﬂ??i@fate&ﬁ‘ﬁéﬁ apiedsicominediienpoRre Apisal 5 toom
|

teBRSELpE FoyREFEERT A BhEaLy FTRCCI AT, JHRE Smbfiment of the

WB% hfalhui(’ja@m:ﬁlg prdbessakbwr@higl to ¢1’l€s;]:r|e$ent nwempsithe Q'Ih‘ﬁica@é fipdt chilled

oGt B AP BEHEY 48 G5 S S DI 212 Tt Belrap ap aporopriate

t %ﬁiﬁrﬁg éﬁufnigr fd UEBpIL, Mgt iedq{/atelsét RESuRA 7°0. THO Snfiptifture of

hg registration problens and the need to
themd]lér)cah be cpntondled by comiralling flieyflavoratomsiéerdhe tenfnsratenget the

tory cﬁlﬂbed water. After the printed carbon patterns are deposited in the printing

process, substrate 242 is passed over second chilled roller 218. Reducing the temperature
of substrate 242 and maintaining the temperature of substrate 242 is beneficial because
cooler temperatures reduces the probability of ink drying on the screens during printing and
creating blocks in the mesh. The use of chilled rollers in a web manufacturing process
according to the present invention is also beneficial because it reduces the amount of
stretch in substrate 242, reducing registration problems and the need to modify the process

on the fly to compensate for such problems.
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17 WO 2004/ 040285 PCT/ GB2003/ 004667 In one

enbodi nent, the tenperature of the chilled rollers is
weeontngi2Bed dynam cally by a feedback | oop nmeaRUF/GBO03/004667

the tenmperature of the chilled roller and controlling

the water flow tenperature. O her nethods of chilling

the rollers can be envisaged by those skilled in the

art fromthe enbodi ments described herein, for

exanple, electrically powered refrigeration units. In

a process according to the present invention, section

4 of the web nmanufacturing process is where

i nsul afin ome gmbottimeny, theltespehtaeof the chilled ralervis ceneolled

i nsul ati.on .art k for the electrochem.cal .sgn
axpamiey etk loop rikamuane e Fetendetiedaas iRl g
cdnfrofdethe Fraték iflbiwtkiPerafie & COtheF metho§ ofihillingtlgrollers can be
generally flat screen. Th asic _conponents of the

eb
viregelby thespskilied istthe arbfrompohe embodimegtsdegerihedibgrem, for example,

Fi.guLes an -1 n. icular, a suitable print
el%‘iug‘f‘ql@rpog‘(’:eé%rl&zﬂr%er lcgmﬁﬁlétg'pr esent invention includes a

screen 301, lower print roller 303, print roller 600,

a flood blade 603, a squeegee hol der 605 an

squeegdB 2p8REesy 3Pt thGRToRsPF HEveREoR PeiioR g@% ths VR
m&%fﬁ@c{mgg ﬁrdcésstipgzggre %ﬁ[gﬁﬁﬁ?hihﬁﬁg takds %)lla&. AnfsbQRM £ W isulation

process accor nce wt € presen I nvent i pn,
artworkeor (6 tldctocteimscal echswistrthanufdctiged irhaccomsianergwidly theaygesent

. 606, fload Qhlade 603, print roller 600, and,!|ower .
ingeion i G Wbgngsopt peRing PiiziesEaiss el 8. The basic
AP IBER YT thSulhtih MR staRYE MBRNire Alustrakatih Fiiresdahd 7. In
Screen 301 is noved in second direction 607 opposite
particlan; ¢ suigahleptinteintion gcesrdisg ks the preseptsnvension iprdudes g ggreen 301,
cycl e where,ink .604.] h r
Lo el R 0 R Eo0Br SRAGE RS BoE 5 R a hol bR and o
sqUESERBO6] My &idtiiation past statioh St mint doliad 6B0 guthérd Print roller 221.
squeegee 606 transfers ink 604 through the screen 301
and onto substrate 242. During the print cycle, the

squeegqs .G8d cﬁr*;lg thRiaf a8 dancR With thé Blds&it iff¥Btion, 38%en 301 is
lower print rofle [l d t

303 a nmove in second direction
clédgedwhitls ki 604dpposvitgsqueegdec Opeloodipladaedd, paht roller 600, and lower

P%%%g%?%ﬁ, %é&qstetgg%ﬁgé% %h{(cﬁ g%%%ﬁ%%@%% ?vtelg gjnorv%x%teriltoor% substrate

281 bSdrEdH 50148 2ndved id 8o difdctibl 60 opfRIte td fitst §idcktios 608 of
pushed through screen 301 and deposited on substrate

substrate @42 fernthe dione ayclowhengdnls604cis hargedh entegereg dhbni sm
is described in nore detail in issued US patent
4,245,554 which is incorporated by reference herein.
In a subsequent print cycle process in accordance with the present invention, as

illustrated in Figure 7, squeegee 606 transfers ink 604 through the screen 301 and onto
substrate 242. During the print cycle, the squeegee 606, flood blade 603, print roller 600,

and lower print roller 303 all move in second direction 607 which is opposite to the web
movement of substrate 242. Screen 301 is moved in first direction 608 which corresponds
to the web movement of substrate 242 for the print cycle where ink 604 is pushed through
screen 301 and deposited on substrate 242. One embodiment of the screen printing
mechanism is described in more detail in issued US patent 4,245,554 which is incorporated

by reference herein.
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18 WO 2004/ 040285 PCT/ GB2003/ 004667 In novable fl at
screen printing, during printing a generally flat

W@ erees2BRs a conponent of its notion which i SPCTIGBR@®3/004667
same direction and at approximately the same . speed
as the substrate. Typically in each of the print
stations, the substantially flat screen is at an
acute angle (Ain figure 6) to the substrate as the
screen and substrate nove away froma printing
position (adjacent a print roller 200 in figure 6).
Varying the relative speed of the substrate and the
scr eenhympbistsde flhescsdenprinfing, hﬂmipg printgig 4 gmallynﬂat lsereen has a
directign of travel, . qof the substrate,

comPORFR i FOtPRAVEEILISIR fheSamE iR ATd ot ég%fﬂ"%‘?at?lﬁ the same.

pg&; z%tthé%) {roids ThYRafARk dack 8P fePrnt Shtidns, RSubdt@iially flat screen is
ormabl e pol yester” or steel mesh strefched and

atan peath enlgle (zAan figgiecd) fto thesubstiate asdhe serpereand sybemtgmove away

R BT TSR RS LR ol Bt

ofaRE sibRtree Ahd Al dcfidn Watisk the §izé of he pribiteddmiapein the daenionf travel
exposed to a W light source, devel oped and dried so
Oﬁth%lﬁuhsﬁétecleﬁath% diferéen.on the screen to forma :
negati ve of the desired artwork image. Wth the aid of
a squeegee, ink is passed through the open areas of
t he st dmeisteneih scrodt wset heezshlo$ tlreqtrmt @tgtimhs*igpiwalfby)mllsistse)f a

gl b e s AT ke d 0% A58 Bime. one
exﬁbéciga%&mw%?%@ BstbrQlchRE shyphied %9]3BKMh%hﬁfe >t BREbUE UK. The

m ni mu stortion and wth standlng "t he
madmstcommm@rw,«.emmmungim ingonpjunpti¢myith | afilm positive the

art.icul ar sul ati on .pri nt t ' .
st KRR o U et B0 By SHedph 88 o Tl alelBatidaries on the
schbntt8 Bbieh h NESHkiRE bPthel dekirddarSiRirk irRigen With elnermb ef @¥quekgee, ink is
this embodi nrent of the current invention, screen 301

passed thepeh dhewnan arene of the sncd and entedhegpbstne é&@@g@a@sm e image
fof{l’%& %Sf%e R kn $4 dsultbgtgeggg ?li“htg ﬁ%@e@@ theqfd & ngllg%ﬁlé #Emesh,

printe deposite
aﬁh@ﬁhd’cﬂkﬁl@%@. forsed ingposelt byeitie stsetolgzd rhesh witamphiejunhdistortion and

alr at_ 140C d onto rint surface of the
W%B@#%@%@f%’%fﬂm%’ﬁ%?‘g ‘&f‘gﬁ nks wit hin
second drier zone 224, which is illustrated in nore

detail in Figure 13. An exanpl e of a suitable ink for
use in Inrpsﬂicalar dn ipulatipn ptiat staien; 194athgdnk inednestian is an fryulation

'%6 . S 2 a d I n‘%@fg?p%},@%}ogﬁ %%%&fo %ﬂeth}rg O%Je ' & embodiment
oPthe %ﬁﬁ@lﬁ%\fdhﬁﬂh EscheR 301 Bflodded Give ﬁﬂ’@@dpﬂmb wSingtstigeegee 606 to
trlarrx]s\%eernliﬂlc ?584 thlrgusglﬂl t}anta Isc(:)rgenae{ntdvowt)lgoksdbgtr;tg I42St %rlg gnrtltgd mr;ulatlon artwork
deposited on substrate 242 is then dried using, for example, hot air at 140°C directed onto
the printed surface of the substrate using four separate drying banks within second drier
zone 224, which is illustrated in more detail in Figure 13. An example of a suitable ink for
use in insulation print station in a web manufacturing process according to the present
invention is Ercon E6110-116 Jet Black Insulayer Ink which may be purchased from

Ercon, Inc. In one embodiment of the invention, insulation artwork is registered to the

carbon artwork in the X direction (along the machine) and the Y direction (across the

machine) utilizing the techniques described herein. Other types of insulation ink may be
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carbon artwork in the X direction (along the machine)
and the Y direction (across the machine) utilizing
w0 be4peekhni ques described herein. O her types BET/GB2003/004667

insulation ink may be 19 WO 2004/ 040285

PCT/ GB2003/ 004667 wutilized as will be understood by
those skilled in the art fromthe description herein.
Furthernore different |ayers or different orders of

| ayers can be used to provide a different order of

| ayers and therefore different construction in the

el ectrochem cal sensors produced I n one enbodi nent of

utilired ps wilbbe undeysiond binthopeslalled intihe b Somathe dasopiptian hergin.

1,0CESS d i diately after dryin bstrate 242 .
G e TrEas BLbrdth blers(AdA5; o POk PR L pio e  diffornt
01858y a1d thbdefdte aiffdrb@¢onatdetion filifle elecsbelienick SérgoRchroduced
to rapidly cool substrate 242 to a predeterm ned
tenperature typically roomtenperature (around 17-21 C
and typj 6al er%(b&im@n&fﬁlé BI%Sélt Aventith, PafrE ﬁmﬂ%]dm{bfn Phinting
t he web nanutacturing prbocess according to the

ppces end inmediatelyoafier dhwng,substeate 24 prelating printed tibon and

e Pt BT T T o iy oo
sUbSEREn® W zg%eﬂe?thgﬁin_eé %%ﬁﬁiﬁreltﬁpicﬁg%emeﬁbkﬂahﬁg (68RI 17-21°C

at around /C. Reducing the tenperature of “substrate
argU@pizallly a6 HE ai-). 7K hin ansrepehodinens of thesudismarufactrme process

oSSBT A BT Ot G o g B g i

apPr&GktitalyN1 8°0e ThikisdhilleBOlIeSE 9Ghayrhe ddodetl toQhl@pfoptitedemperature
web manufacturing process according to the present

uging do ¢xemples fastass chilled wageraf mgeed 14 Reducing fbe senppegature of

s&%&g?ﬁ? %m(isltnra T .iln n'g'?hesééﬁ%%{al?&erg ﬁgg'g’SF%{e%gg :f% g&}eﬁgial because cooler

regl s atli on probl ens a
tefpetat@ss eduddsehd prpbabiligoofiisk da/fireg o the serneeids gudatbéating blocks in the

I process.accor.ding to the present invention,
meh (EHB solcRhilo s I paiveh R BB eaS dodordii o e present

indvBftidr i5 Skso BBFHTR BEEASE RYediRKEMe BIRER: of sheRAGh kktrate 242,
the enzynme ink artwork for the el ectrochem ca

regloeing regisimtion problenasianidrthe oeest td amulifihe hrochss onghe e compensate
finvggéi nis printed utilizing screen-printing and a

WSV IQBE%WEraIIy flat screen as herein before

descri bed. The basic conponents of the first enzyne

print station 105 are illustrated in Figures 6 and 7.

| n par tif@pregess accergdingigl the prepent inveation ﬁe‘%@é’osr ofi the web

g PARE ploee st PRkl te KT pARR By aR TR Bl MlRlgn s, e
efzynsedtie egwerkifor thereléofiockomical ssapoeemenufbéitredlin abéorddnce with the

enzynme print statio 05, print roller 600
presen¥ invegﬁon 1s printed utlrl]iz%lg scre%n—pnntlng amf a movable generally flat screen as

herein before described. The basic components of the first enzyme print station 105 are
illustrated in Figures 6 and 7. In particular, a suitable print station according to the present
invention includes a screen 301, lower print roller 303, print roller 600, a flood blade 603, a
squeegee holder 605 and a squeegee 606. In first enzyme print station 105, print roller 600
is fourth print roller 227.

In a flood cycle process in accordance with the present invention, screen 301 is

charged with ink 604 by moving squeegee 606, flood blade 603, print roller 600, and lower
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is fourth print roller 227. In a flood cycle process
in accordance with the present invention, screen 301
w0 g0040k85ed with ink 604 by novi ng squeegee 6PGT/GBR@AM04667
bl ade 603, print roller 600, and |ower 20 WO
2004/ 040285 PCT/ GB2003/ 004667 print roller 303, in
first direction 608 which corresponds to the web
novenent of substrate 242. Screen 301 is noved in
second direction 607 opposite to first direction 608
of substrate 242 for the flood cycle where ink 604 is
charged onto screen 301. In-a subsequent print cycle
pript wiles 303, in first dirertion §0%ivhich errresperdsiie theyempyemeny of substrate

2480358k S H et 48 pind g ROUERE S B S48 of
subdifatd 12 fae Hefiodtl codle ntherd ik 694 ueelgegedidifio sdrbax1bl ade

603, print roller 600, and lower print roller 303 al
nove in second direction 607 which is opposite to the

web V? gg)?%cgl%t R \%gélgk)ﬁ)c%élgm 2e651851be I the p@%ﬁqm}éﬁtion, as

first di n 608 [ corresponds to the we
illnemaesdein Figfre 3 808éegat 60@ &andfors inkh 604 thronghdhe saeaniilend onto

i nk 604 i ushed .t hr oug screen a d ite
substradg 244 e]%\ggrg tggquénteq:yﬁ cepRe téﬁg,]%og:ainéqﬁgiﬁﬁ h]?l?rﬁ é‘nger 600,
anld8GRA PR vdiRr 96551 hRQE irh Bed¥RA GirB@ oAl d07iwhitisBWHHod to the web
patent” 4,245,554 which is incorporated by reference
ménemeinh of subsipaie 242 ubaeen 30 isimasted dn fysidirpetion 608 tveiplypprresponds

05, the ink i ti ' '
to e e povmrs LRt AR e B T B ot O35 M ftroneh
sciedh 30 8RO dépgtRitdd orPdubbitgte Q42T ORk ehibovéinidn0of the Gereempting
is flooded with ink 604 prior to using squeege ,?96,to
meghapisinds deseaibedhin reerg detpilndssued; USst@F@g ﬁ>Zgﬁé 5% M‘&bc is incorporated

S 42. The printed enzyne artwork deposited on
by&%ﬁ%ﬁ%ﬁ‘g@hz is then dried using, for exanple, hot

air at 50C directed onto the printed surface of the
substrate using.t separate drvyin ks.within the
third I‘BP?I‘&P“%H@Q@E‘? ¢ t§{a¥‘PP38$’3g?‘é’51P JUEREiPR 15 an enzyme

inHe AR dxainPlddfALuRabIE enY EMRIPER f6rEh ReridibeRIW. € In itHK efibdiment
use in frrst enzyme print station 105 in a web

ofithercrireant invientipnp sacas 0 lais dloodedyyithank 6Qdeprinrde aping squeegee 606 to
i ti ized in T T
wagdleq i o R 0B oG el PO Syl er The pliplt atiyme

arb iR @epSHite@ Bh kiilistrate 242 is then dried using, for example, hot air at 50°C directed
onto the printed surface of the substrate using two separate drying banks within the third

drier zone230, which is illustrated in more detail in Figure 14. An example of a suitable

ink for use in first enzyme print station 105 in a web manufacturing process according to

the present invention as summarized in Table 2.

Table 2.
Glucose Oxidase Biozyme Laboratories
Tri-sodium Citrate Fisher Scientific
Citric Acid Fisher Scientific
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Citric Acid Fisher Scientific 21 WD 2004/ 040285

PCT/ GB2003/ 004667 Poly Vinyl Al cohol Sigma Aldrich
wopanox2es hyl cel | ul ose (Nat 250 G) Honeywel | aP@dI/6B2008/004667

BDH Merck LTD Sigma Al drich Chemi cal Co., UK

Pot assi um hexacyanoferrate |11l Norlab Instrunents

Ltd., UK DC 1500 Antifoam BDH Merck Ltd Cabosil Ellis

and Everard Ltd PVPVA | SP Conpany Ltd Analar Water

BDH Merck Ltd In one enbodi nent of the present

invention, after the insulation printing process and

i mredi at eI y after drying, the substrate 242, including

RolnVeyl ddedhoh and i nsul ati on patStlgflﬁé\ drichl passed

I 225 Whl
?Xx’ﬁ{“&’%ﬁﬂﬁy&ﬁlﬁg gﬁ%z{s@émz to a pre g?rgnﬁ%g
tenperature typically roomterrper:BmHMémkdiﬂﬂw 17-21 C
and typically 19.5 C +/- 0.5 Q). 0
of the web manufacturing process Sé%@@ﬁ‘ﬂgﬂ(é“n@%r?ﬁg{%o UK.
wﬁx surface of fQiHdpimShichdr@A a0 UTer
éslg@&%%%;ég r?ate 18C. Fourth chilled roller 225
WHSOOM1MO an approprl ate terﬁiéH@t’Iglkahtﬁél ng, for
e e, factory chilled water at ou uci ng
tq;(‘g’oﬁ‘én'perature of substrate 242 Eﬁ?r%rdﬁ“etgg t he
mature of substrate 242 is bqsgf@ ykm@ause
coo er tenperatures reduces the probabi ty of ink
dAwpdlagWatert he screens and creat i ngBBHMREkiid t he nesh.
The use of chilled rollers in a web manufacturing
process according to the present invention is also
benef i ¢4 ghe RBRIIGENt df tlﬁ@phés‘eﬁﬁ itveatiauraftet the insatatieh pﬁnﬁmg process

substrate 242, reducin |stra r.obl e and, t .
andémunedintelpafiesdying, e sE stop e trﬂ}o ggg nﬁmquemsxﬁanon

pa&tg{ng,rﬂg)gsse& ro%’rl {Ft‘ﬁh dﬁﬁf@dtrbﬂé}aizlfmhlgﬁ'fs de@lgh&?to%ﬂiﬁg cool substrate

tent e enzynme ink and the airflow
242a0 tahﬁedabetﬁﬂmdttemf)emhme typicatly room térsperatund (afound 18134 uGeﬁnd

tha th nk. does not..dr |ntothesreen
by 198 Er 51Ok I Gircssteipet a5y Heb HBoMAgSERs el
acq{n‘dﬁ?g foltBe preier® vention the surface of fourth chilled roller 225 is approximately
18°C. Fourth chilled roller 225 may be cooled to an appropriate temperature using, for

example, factory chilled water at around 7°C. Reducing the temperature of substrate 242
and maintaining the temperature of substrate 242 is beneficial because cooler temperatures
reduces the probability of ink drying on the screens and creating blocks in the mesh. The
use of chilled rollers in a web manufacturing process according to the present invention is
also beneficial because it reduces the amount of stretch in substrate 242, reducing
registration problems and the need to modify the process on the fly to compensate for such

problems.

Additionally, due to the high water content of the enzyme ink and the airflow
due to the movement of the screen, it is crucial to ensure that the enzyme ink does not dry
into the screen. The relative flow of air encountered by the moving screen dries the ink on
the screen in a manner not normally observed in flat bed screen printers (such as Thieme
flat bed printers) since the screen itself does not move within the machine, unlike the

present invention. As well as the chilled roller alleviating this by ensuring the substrate is
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the screen in a manner not normally observed in flat
bed screen printers (such as Thiene flat bed
w@eoonnersy since the screen itself does not NORET/GBRIVBN04667
the machine, unlike the present invention. As well as
the chilled roller alleviating this by ensuring the
substrate is 22 WD 2004/ 040285 PCT/ GB2003/ 004667
cooled to around 1 8C before it encounters the enzyne
screen-printing step, the screen |oaded with enzyne
ink is humdified during printing. In one enbodi nent,
hum dification 1is substantially continuous. There may
capdedtogetuad, 18U befose Henegvatasy theichayme s@e-printing step, the screen

ﬂ(?: rH dftﬁ 'en%zgﬁﬁ o ﬂ?ﬁe%dduﬁhk hiﬂ{lﬁ Qﬁbgﬁlﬂﬁng ‘ﬁqnudlﬁcatlon

rang rren pl pes prov stant
isGabstamially Ebﬁtﬁﬁﬂuﬂf 'Ih&tﬁindliyﬂieetd»padé alhlibmde hﬁﬂ/ov\/slda sbreen
si deways onto the icreen espe ({qflvel Yy, ensuri

n
h%’ldtfi %f“@h’(ndé? ghthregiray bepioyt aggelgelg&% iy prov1des a
gtéﬁéallyoton { ARhF FHARGEEE Hr abNVe, BERW HdNS1wRS bS8 the screen

si"de and/’or side screen humdification according
rdspnectlhdymmsamlg therwasert Gootent of the inks ismuipthined atagongant vel. A
gﬁ 5. The ?nount an
S

ot AP g onid, BRGSTR by B ietecr fipftation

a&e o thé‘ &ﬁtim%tieﬁ idillh#8%ed MIREUrENS, AeHASThefamount and
flca on required, the water content of the

anrmenmhteofrhumldnﬁtcyumewmmﬂm pépes caryiag Sumidifiedisipgvill depend,

air el at t
axggxbg,s%gttgxﬁr tgu eor?é{ill%e a&gﬁtn?hﬁ#ﬁ?@h&ﬁfo% rﬁ@ﬁ{e’d the wa{cer content of the
in@f the manﬁ)dltyfhindr telbperaturt bethsisarowiding ie th@teﬁt;reramd of the substrate
exposure of the screen to the surroundin

ag i APRIRRHES theengypg prippsteing, Wﬁé‘#ﬁ ¢ pantglier, the size of
t}ﬁ:%%ﬁg]]il ?1:_\@6%16%52?05‘&5:6 BP0LE s&B4Broth m %Qaglﬁg?x\ﬁﬁ{eﬁ air). In one

across the who
emnbodimenidupipa §04 nemptisiog enoér mhe rews eéholbaéw deltvefsdruntidified air

oG i lra e O A e A SR A t50e P forth
P¥p§§ ok 51541 abbve dPioBE bperabt sillO6f B8 AHTRine HeliVatinidtied air
0

r that print run is placed on the screen at or
ﬂpWS&OOta@dﬁﬁé(@Péigur%‘#) the print run. Since the enzyne
ink is conposed of a |large part of water (typically
bet ween 55 and 65% by wei ght, nore typically around 60

% by welypidallytallehd ety ipk too@irtd foditlydt peinOtiin ie plﬁbed dileﬂle screen at
lifetime of the run. This risk can he all eviat
OTPRRi R .%S%ﬁf £ PrABkEYDy ﬁlw&%@w 18/ FSROPNO8 %fcﬁlmewart of

wggzélx ca T}tkhetéle&ﬁgf] ahd 3@%3{)th Gy Ln}(mh@ 60 % by weight,

e substrate ca e prior
therigloisirend toglrying oahayarghelofetime mﬂ ﬁmcfun.nif)uspmkwan be allévaated by

pr%rtffnggp i S%ﬁ@u%ﬂ Ialr(lu% tlrleoslclreee;ﬁoaad%d Qv?{ eelngyl%g 1I‘I\kr iAHEe%iatively or more
typically in addition the substrate can be chilled prior to encountering the enzyme (or
indeed any) print station by the use of chilled rollers as herein described. Typically the
temperature of the substrate is controlled to be less than or equal to the temperature of the
room. However, the temperature of the substrate is kept above the dew point for the
atmosphere in the room. If the room is at 60% humidity then the dew point may be 15 °C.
If the temperature of the substrate falls below this then, condensation can occur on the
substrate potentially compromising any subsequent print run, especially any subsequent

print run with water soluble ink such as enzyme ink. Control of the substrate temperature,
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tenperature of the substrate is controlled to be |ess

than or equal to the tenperature of the room
wolomewengs t he tenperature of the substrate i s REPGB2003/004667

above the dew point for the atnosphere in the room

If the roomis at 60% hum dity then the dew poi nt nmay

be 15 C. If the tenperature of the substrate falls

bel ow this then, condensation can occur on the

substrate potentially conprom sing any subsequent

print run, especially any subsequent print run wth

wat er sol uble ink such as enzyne ink, Control of the

fos gampla betwesn limily ef roopptemperbug agdidos goint, may therefore be

. PCT 004667 _ LN .

TR R RS b i ATPL A RGP, b T oling v

chittedrollent2120219% 285cad 231 td ingrdriaht inwontrélting sadstrafe temperature. A
tenperature of and/or tine pastii ng over, chill e?

feedpack cgntyol Joopaay bexissd to,mgassize the slbsiyats tpmRerajue for example

ANVt OlHe'r &nwﬁg&aﬁ}@aﬁ&&mﬁ JhQgiven HEDRAC ARG @) control

O0Op can be used to neasure the substrate tenperature
thedemperaioyd &f the hited vodlersoandthe tepperatenmoé thet subsiraieay i leaves the

W _ppi nt iven the room.s humdity) to control the
nﬁ@ﬁﬁ&ﬂﬁ?ﬂ?éﬂﬁ* ?ﬂ?aéﬁwﬁﬁghm?ollers and the tenperature
of the substrate as it |leaves the roller and
approaches the next print station. Figure 2Cis a

schematBigurd 268 aschiapitictdiaggan depichre SCHr 6 s8¢ s¢cbign 7 offa web

a_web rintin o) G i,: ; .
oA B BB PR S3BAR D8 26 5880  eons
eftyiniti prik stiiow 106)6Secbad entmepritirstafion 106 fickides fifth@billed roller

includes fifth chilled rol]ler 231, fifth accunulgégr .
235 Aifihrgepyrpulgtor 48 2. i4ffh mrintygHer 233, jouphyisigmiensensldy ik drive roller

t . Pt .
23 Y S4B 88 GO0l 1
einhodilvent afithethivertinn idlstrdied infigure 26 séckibo Jtis stvaddérmnit 107.

Fi e 2C .secti.on 7 is rew nder,unit, 107. ew, hder
Riftden st | oRaes st i HhBR 2o hise Sving mBgt A6 ageond
réWik@ubddP4and second rew nd arbor 241. In a process

according to the present invention, section 6 of the

web manufacturing process is where the second enzyne

printi t QR . '

B t vor PO PRy e B Tl Sec it SR D
niafuRCREng processvis heid e s@uoad emtymeptititingdakes plaee) It sdtion 6, the

utilizing screen-printipg.. The purpose of applying 2 |
CRAYALS iRk artwgrk ﬁ%ﬁ gle&kmhwali SENY05S @ﬁ%ltfﬁ%t%%ﬁﬁ @@@égance with the

d . . ] I a . .
D o R oo r2fRe ST ppbSAdr dppine 2 coatines
ofithe ehazpgicink dnpormemtesonfpldtd eoweagend the carbon electrodes and so that the

electrodes are substantially even and free of voids. The basic components of the second

i

—

enzyme print station 106 are illustrated in Figures 6 and 7. In particular, a suitable print
station according to the present invention includes a screen 301, lower print roller 303,
print roller 600, a flood blade 603, a squeegee holder 605 and a squeegee 606. In second
enzyme print station 106, print roller 600 is fifth print roller 233.

In a flood cycle process in accordance with the present invention, screen 301 is
charged with ink 604 by moving squeegee 606, flood blade 603, print roller 600, and lower

print roller 303, in first direction 608 which corresponds to the web movement of substrate

24



enzyme print station 106 are illustrated in Figures 6
and 7. In particular, a suitable print station
w@ewendi2ey to the present invention includes aPGDGBRIV3/004667
301, lower print roller 303, print roller 600, a
fl ood bl ade 603, a squeegee hol der 605 and a squeegee
606. In second enzyne print station 106, print roller
600 is fifth print roller 233. In a flood cycle
process in accordance with the present invention,
screen 301 is charged with ink 604 by novi ng squeegee
606, flood bl ade 603, print roller 600, and | ower
243; i Sereen 0l és mB0E] inisacdndrditection 6¢F oppesiO® Tk direction 608 of

5B 330 B Ie e s S B e S
nnved in second direction 607 opposite to first

direction 608 of substrate 242 for the f]ood cycle
wher e {mk seBaqyent prgirqyele RIpeess Braceedantsvith ﬂrleavresent invention, as

111ugt?a§§c9{neﬂ%ur@ r7I %ﬁf&é/egs@ﬁfaﬁust nk gg@:ﬁ%&gﬂﬂ@ ?cr\?éﬂ 301t &1 onto

resen vent
subgtigie g4z, Bﬁﬁng thepsinecyele, ke ﬁﬁléegderwﬁ,gﬂnddﬁﬂa(mﬁ(ﬁepnﬁﬂmler 600,
and ontoQ bstrafe 242. Duri the print. cle, the
m@de@re@eenté 1 30p gHppiedg &y §r59fﬁi=tr%&r7 ‘rr}lrl&b YWOSIEC%WJM web
m%8%ﬁé\%: R ﬁHstrﬁt@ZlﬁlQr Sé¥3n 301 1§Pﬁ8€ed' ifl fi8Q ‘E‘Pf@éhdi'i 6(%0&111@1? corresponds

| S OppOSItetOt e web novenent of
toshéseb at(n/eﬁxéﬁt of Substrate ZP1for ﬁlermmé dyqlrnvvhﬁlresnk 694 saished through

608 correspon h
I i dSRsET P Bitiogfer e QAR oh ¥ sgepep printing
m@él%’sfsﬂl {shleQiBRd iSmoRAdetADh isddd quaﬁérﬁ ach 461558 Wil Blifcorporated
242. One enbodi nent of the screen printing mechani sm

by eefefenearhies@inl in nore detail in issued US patent
4,245,554 which is incorporated by reference herein.
In particular, in second enzyne print station 106, the
ink in Iﬂlp&ﬁicﬁlaﬂ ih Second eﬁxymympmtrslenoh 106 the indrih gqdestiontis an

of the current ventr screen 301 is fl
enzyRe 18k hog it f M HBET B U8 reP AL FROpRd with ink
6%:%1'1&0(6 ugiﬁg ng%fzé éJ@astsrt@a%Qfeaﬂe RNE® thidRhlthéd@ecttAd onto

printe yme artwork deposited on substrate 242 )
substrate@d2d ﬂ“hepnntsr’i mggymef mwrak sited npsubsinates425¢ then dried using,

di rect rin fac bst.r at
S g Rt A 30 G Eresiof S RO p S o PSR Grysine o
s%ﬁfh‘?e &g ik With d IFdus dradresné 7B rhechde ilRistrated in more detail in
i gure 1§; An exanple of a surtable ink for use in

Figueoh An gyaeplp of msuitable inkdomos in secopdenzymagoriryd stagign 106 is the
<REH B pA L RO 0k

aforementioned Table 2.

In one embodiment of the present invention, after the second enzyme printing
process and immediately after drying, the substrate 242, including printed carbon,
insulation, and enzyme ink patterns, is passed over fifth chilled roller 231 which is
designed to rapidly cool substrate 242 to a predetermined temperature. In one embodiment
of the web manufacturing process according to the present invention the surface of the fifth
chilled roller 231 is approximately 18°C. Fifth chilled roller 231 may be cooled to an
appropriate temperature using, for example, factory chilled water at around 7°C. Reducing

the temperature of substrate 242 and maintaining the temperature of substrate 242 is
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In one enbodi nent of the present invention, after the

second enzyne printing process and imedi ately after
wa@leopisign283 he substrate 242, including printed PEr/G8003/004667

i nsul ation, and enzyne ink patterns, is passed over

fifth chilled roller 231 which is designed to rapidly

cool substrate 242 to a predeterm ned tenperature. In

one enbodi nent of the web nanufacturing process

according to the present invention the surface of the

fifth chilled roller 231 is approximately 18C. Fifth

chilled roller 231 may be cooled to an_ appr ga{ate

benﬁ'muﬂ fatanse cuslcntgmper@turmdmeg ther prebahility o ink digingeandhe screens

the r.
e Aine DR G e vb e RERERRbTR o fieb bRl e process
acd:(ftdl%é 1Y\ 2R0h POt nREA/ R BOBHRAdiEPiecatieritfedacealthe amount of
because cool er tenmperatures reduces the prohabilit ﬁﬁeprocess

streteh i mj sn;hsrrgteaﬁZmevéucs@g Eegisration grobiesn anddhenesdite mad
Th lers in a web
anzﬁ f gm#én%atgffo&leagﬂé b&%géggér ding to the present
inventlon can also be beneficial because it reduces

the ampunt of stret S : reduc
Fogi ot Aditionalby gbp e bieh FHet ssbirt o Hssar e fiiha the airiow
du%é@ fifeSmov ntt B?thE ket iG8 @Hﬁi}ﬁ 2 EnshiRy thﬁtl«tﬁél eﬁyﬂ’&l iBk®oes not dry
tionally, due to the high water content of the

interthy sere¢m A samell ashibe etiilléd wiler allrviatingtthis bmmm@ substiate is

coa%:rgzg E gté E?t;c);re 1? fr;#c%u? tgeé ensur e that r_nlz’gg S{%ﬁ%ﬂ{gﬁ 1? Flg% topside

2l huBferaide a4/t kifgsdrbinhuayidETRatH, W@néﬁléﬁr@rbﬁﬂé atstream of
cooled to 18C before it encounters the enzy

hmd@dapfr dbeve Al kelep the seetce - @381&411@611? wpter aféltefg (98 yink is

m %\ff |98 ¢ SQZmQ fevel. dﬁﬁﬁ (ﬁlﬁéd Hlb\%] co 8 ov8fkhe
Provige 5 s rean1o um a|r ove and bel ow

sctdef. gcarR@ble @AGEEhdY féﬂmwvdhgrtopmﬂd zmdtundérsidwescrenk hinpidification
mai nt ai ned at a.constant..| £¥§? ?Ily t he

acReRding trjtheipesent FVENEOTLIS ﬁg‘f screen. A
sui tabl e arrangenent for pr OVI d| ng topsi de and
under side screen humdification according to the
present invention is illustrated in Figure 3. Second
enzyme pr| stati

rol | er 58 WBB’&% g)tﬁuo %Q)g%yfﬁ)? %ﬁz’?g‘g‘]@e‘%%ﬁ“ 238,

mé;ﬁ&tléﬁ gyagtézﬁ n37 tdHifspedinpa@bistritad, ﬂﬁrdSY&ré@m@bn 29stén(@nd37C (not
and barcode station énot shown g@ nd nug
shovin) 84 bagodrestaiiondaeishopmy. ouiberad i Eb{ier 238 holi piielhe tension

oD A7t hTyi B Rl BEY SR LR ollbP i Blaurbound aip

rollen23&d Subsirats 21208 demm\zeﬂrfﬂ)m lsecm)hd shagmoprifGatian 186 at a constant
ra%eotr)]; (t)lig(t)und nip roller 238.. The Y registration system (not shown) at positons 237A,

237 B and 237C controls the Y registration (i.e. across the web) of each print cycle during
printing by utilizing the first Y registration marks 2101, second Y registration marks 2102,
third Y registration marks 2103, fourth Y registration marks 2104 which are illustrated in
Fig 21A. In one embodiment of the invention, first Y registration marks 2101, second Y
registration marks 2102, third Y registration marks 2103, and fourth Y registration marks
2104 may correspond, respectively, to the Y registration of carbon print station 103,
insulation print station 104, first enzyme print station 105, and second enzyme print station

106. Each Y registration marks comprises 2 triangles that are juxtaposed in an orientation
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rate by outbound nip roller 238.. The Y registration
system (not shown) at positons 237A, 237 B and 237C
we@onwtngi28s t he Y registration (i.e. across the MeDEBRG03/004667
each print cycle during printing by utilizing the
first Y registration marks 2101, second Y registration
mar ks 2102, third Y registration marks 2103, fourth Y
regi stration marks 2104 which are illustrated in Fig
21A. I n one enbodi nent of the invention, first Y
regi stration marks 2101, second Y registration narks
2102, third Y registration marks 2103, and fourth
that egprgzmwweﬁangl@ In g epkgdizesnt theph FRiStAEER SYe &mted at
porfigt] S Paoop i 2a( Gt e HRfBRPELEY an FEGETACHS fom
Elgéaki GibA AL espoldshblg @trmmzyne print station 106.
Each Y registration marks conprises 2 triangles that
are juxtaposed in an orientation 26 WO 2004/ 040285
PCT/ %Otgé/ A()Qlﬁ'éentto@ﬁ{e [RERLONVERIRS tie 1ﬁﬁﬁ%@&9§y§teni 787, may be
e I men

one t the Y registration system| ocated at

1mptm1dnterdmsn%’iﬂé\]31tﬁﬁﬂ8 Impéctﬂ&?@sm rb@dql npllnbﬁelﬁt“ﬁel@o &;D,alﬁhlch is

oA ST PR 81 4 A IO Bk R 2 apecin

sy§t BR23NRRELLIRA BMPbAdHL AT insPEs R rdgiphes®mhkd 1lma@d in
the Eltromat Inspéection Syste nodel number PC3 100
Figies WA th1913 andlonfiawrei2QDr dpdpem pp apedeasia topd imassestipg whether a

< RO TR A LSRR Bt it

bat®@de i & dbtabaseyrar ks lllustrat ed in Figures 17A to 19D
and/or figure 20D and can be used as a tool in
assessi ng whether a sensor sheet 2106 shoul d be

rej ect 3@51@&%3?@%%{59 it I?thgyﬂ(;j&alﬁ'fe&&@h '@Q’hicﬁ%@ﬁ oL hided 884tld Srinting by

agai ns ase). Registration issues
thé fegﬁdmemifn slystesmn iad sh@wii veliicle isrlobatedity 237 éd 23R pmd237C and/or

NIRRT YR N TR

vahﬁﬁ&%thv% 18NH4£60 moafurtfoli@rdistbitioRs tothe St 2A2€ In an
ete) may be ascribed to variations in web
emlmr:ispmgtrt qfrthmmelumnf the barspde siatiomeamprises the lellpwinggpmmercially
av ‘H{le com’ gnen?ma%iod{gﬁ%F?F B@eﬁ n'uﬂl‘ﬁ%f]?A@@ ﬁoH’ﬁorﬁﬂ{oqﬁgitd. In
& gonprlses ?%wmn conmercially

C@ﬁ&hdg@bUmt&Dngaleﬁi) Sbabpeide cmkeerpe bystem (§contikhl Rabotib 8ystems in
A4OO fromDom no UK Ltd

ot caddarsody iadg (ng gﬁanv(ﬂggﬁmh% I gien MA). The
b%%f%oh I'Qno 51&{&3%&101?&% bPﬁh@)sen)ﬁF ghéE@Q £O5Rith 82 Whensional

cuity t rix 1n Canton
bar code. This provides each row of sensors a unique 1dent1ﬁer code, batch/Lot number

identification, the sensor sheet number, and row number. The barcode station also reads
barcode immediately after printing to verify that the barcode has printed properly and
provides a visual indicator to the machine operators. The barcode and process information
from sections 2 to 6 are stored in a database and used later to identify and subsequently

reject/accept cards for future process.
Rewinder unit 107 consists of, for example, a Martin Automatic Rewind
System. This is the last section of the machine and allows the continuous rewind of

substrate 242. Rewinder unit 107 consists of a first rewind arbor 240 and second rewind
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bar code station (no shown) | abels each row of the

sensor sheet 2106 with a 2 dinensional bar code. This
w@eaniotess each row of sensors a uni que identi f PEF/GBRWE/004667

bat ch/ Lot nunber identification, the sensor sheet

nunber, and row nunber. The barcode station al so reads

barcode i mmedi ately after printing to verify that the

bar code has printed properly and provides a visual

i ndicator to the machi ne operators. The barcode and

process information fromsections 2 to 6 are stored

in a database and used |later to identify and
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30le oagipﬂﬁingenmlﬁple@rﬁ)fmmmmw sebystratecii?e and eitheg buiirth piring rdller 227

a,fgﬁwH@n S Xt ?r égé,ld %ig{ﬂa%]qﬂe ﬁﬁ%‘g}r}!@%ﬁ%g’] %'fs ";I' tlg%ryba?nsdi Aecr:lsure that the
pr i SARAtASMeahik Uhfov@hinSE to%y%g%ﬁﬁaant efteRveatifie during the

[ustrated in Figure 3 which inc destop hum d _air

ﬂcsﬂoandmnmycleaaﬂ priofratdyrovesthelifiof ﬂg@nnntlreme Eﬂfﬁl‘ﬂlﬂaf itis

deﬁ’g!ﬂ)llgéﬁg@ts rg{%g?@y?\gata éeroltg#‘%?z?{q&o u%%ﬁhprl n g@to’v%ﬁn

dR@inglthd AiBoddrdrirt @lytie and B ferkblirioste:f the difé oftha pdnt run.. The enzyme
tenperature is set to try and ensure that th

inls isopnprxiaately 63% é?V"é‘ﬁz ﬁr@qsmt waterepntenfcagEes hatthe amount of ink
| d

laiglr(?)l%f éch@FH s‘ﬁﬁg r ab#lﬁgl\llte :]!f ithlggmftélecon e%lpéﬁtg@g% clllltanges

durlng.thd pnmargtprocésa,rtluslchn lesad talesiatiaht m thh abhzyohelayer thickness.

A&g%@){)%}é g Wa%:uerg fro?nn ggltlzy%ﬁe 1t ehz?l? fe\ég?o { %l%ngj(z)l}le drying on
screen 301 resulting in poor print definition and a reduction in the amount of ink laid onto
substrate 242. The humid air inside either first enzyme print station 105 or second enzyme
print station 106 is maintained between 85 to 95% relative humidity. Top humid air 300
and bottom humid air 302 is pumped onto both sides of screen 301 to maintain the desired
relative humidity. A side pipe 305 is arranged to one side of the web and introduces
humidified air to the web on one side immediately adjacent the enzyme print stations. The
nature and type of humidification arrangements can be varied to suit the size and shape of

the print station and the humidification requirements of that type of ink at that print station

28



during the flood and print cycle and preferably over

the life of the print run.. The enzyne ink is
wapproxi2eat el y 63% water. A constant water conPE&RGB2003/004667

ensures that the anount of ink |aid down onto the

substrate 242 is consistent. If the water content of

the ink changes during the printing process, this can

|l ead to variations in the enzynme | ayer thickness.

Additionally, loss of noisture fromthe enzyne ink

shall lead to the enzynme drying on screen 301

resulting in poor print definition and a reduction in
intieg emvimmntenb fOfenie hegddan beasedsigsacioae tienpper apdéorergide of the

f { {
sofigh shEPeb B REASERT Fin &8 OB T B U ookl ll sty adfRpaP e sgreon an
refamel] QviflRY theSli@hity 6f fhd Btk Yy theqpeseues of the ho@DOIf t]ﬁa"iﬂbod is
bottom humid air 302 is punped _onto bot

h sides
mgmt@cbw @@yppe; soegen feame, ahis taesilbdle cass) %1@%9@5 H’&thaY‘i yslotin the
X |§iﬁ? e aﬁeﬁ dgﬁﬂ%{lggﬁ@%ﬁo%%ﬁ &iﬁl@é LdGo Mokl ré@@cR)nQQ the

ces alr tot on one s
mimmﬁwnﬁgﬁkymadmamﬁmﬁxﬁheydazynE prlnt stati ons. The
nature and type of humidification arrangenents can be
varied to suit the size and shape of the print
statlo é#&& ERidh #b8m et skt a fifth and
?%%9%4& t hat girelwn(:;@ga |ﬂgn 2@% 2004/ 040285
sname@az@ 081heGvwbaRintingt Ahe basiv ccvmmmvnts us@ taeprowida desgmeans for

e .us ncl ase the
G e S PR CHE AU DR e o R fig 4 Which
intREs thP Bul@Psir 00,6tk 364 Hwt@ﬂlthlﬁﬂiiﬂ a30eepipandth perforations 304,
retained within the vicinity of the screen by the

angrpesierations 09, isideripriat 305 (nefshewaly A gipeiriridiiseyral peaforations
4(#1(,&@/6 SifiG ege\{sﬁdg{n%{ﬁﬁ f%En BQI gQ’ an%gﬂé ﬁér%t i ﬁ&tontl lﬂﬁmﬂp 302 to

REvVe rection |rect|on 0
mBlnkdih thegjiscositypdl thWeﬁi)mesmkaagaeem BOTo Figure 5iied perspmativoview of

the screen durin fl.ood/ pri cycle. Figure
P@e?’Q"f&’l @F’ffB’fﬁhf?Pge\é @d?q Olfltli‘é‘nﬁglﬁ'\ré%nvi ronment
around a fifth and S|xth sectlons of the web

printing. The basic conmponents used to provide the
means fFogure Basra sithiematic dmgr?mﬂ depietingshdifterent squgegee angles which

A

catl Be vABidd tdPdfEmidk ke dwnitwnaiﬂﬂwma%ea Iﬂaﬂ eﬁibbﬂﬁ[@t bHhs
400, side pipe_ at 305 (not shown

inyentisnzthe pegle of teisaveegcaom hesl s 3 @%Wéﬁfr%hm é‘h‘h é%@ hdegfees Note
th[ag thes ntggtim V§E§%? [695) X ofﬁdtirﬁ FoRQ0B R e Thile Fiie queegee

€ enzynme I nk onscree
arddd 80C-i gur e 5 |s a perspective view of pipe 304 with
perforations 400 to bl ow bottom humd air 302.

Figure 9 is a schematic diagram depicting 2 different squeegee positions which
includes substrate 242, print roller 600, lower print roller 303, squeegee 606, first squeegee
position 900, and second squeegee position 901. The squeegee position is the position of
the squeegee relative to the center of the print roller 600. The squeegee position can have a
major effect on the thickness of printed ink. The position of the squeegee can be varied to
optimize the definition of the print area.
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Figure 8 is a schematic diagramdepicting 2 different
squeegee angles which includes a substrate 242, print
wo oiolo102600, and squeegee 606. The angl e of theRCT/GB2003/004667
squeegee 800 can be varied to optim ze the definition
of the print area. In an enbodi nent of the invention
the angl e of the squeegee can be 15 +1-5 and
preferably +/-1 to 2 degrees. Note that the contact
poi nt of the squeegee 606 to print roller 600 is the
same for every squeegee angle 800. Figure 9 is a

schematj c di agram depi cf.in di f.ferent squee -
oot {1 B R Soheits s S deblelib€h b BRI (1900) which
inG0fes shibiMate P! PlintB11EC6003 Biver peiERUEE30N) bnd Sdrécit 301. In one
squeegee position 900, and second sgueegee posjtion
engt@Uimait of thyieeagtion sersen isoap distansed 1918 fhgielosest digiance between
squ ee.rel ati t t . 1 I
SO0 L0k 552, B PRAARO S lmb o5 ekt R oo
seftih@ (10005 kgD approgihaelyd. Tk, e spresn tnaprsetiingt(h@00) is set too
squeegee can be varied fo. optim zgesrhe definiti

| f
higlh sqpgezer 605 @anotsyiiygenhypleisairsisn B 1 EIHES A nto substrate
' ' i8 Q&880 low, screen

242,088 Sutholed ooy SORIOLE G RAFTMAERIE (1000 BEEgSTIow.
3qarwillt snieat Inkr608 Gdm b preyiouspirint cyad ¢ausing Gdsuffzgient peinbdefinition.

301. In one enbodinment of the invention, screen snap

di stance (1000) is the closest distance between

scr eenpifile pNfustehted 42616k vidw ofa Pre@biiiti®@fng zone 211 which

enbodi nent of this invention, screen snap settin

copdgizey firshgiives rafpr B0, et wpty 1000t hepter hankskl0d ewcglgfblgeater bank
i ng. (1000), i i of
135, pnl st R 4305 Py Rline R Y PRPR RO, 3RS 1100

coRifc®s thel BeprinédsidedZsubktidte 4. inci meferied ienibodieidnt bf thisnnvention,
If the screen snap setting (1000) ‘:‘»;ﬁ sef too | ow, o

haj plase h1003pay Of qateswih TeHen guslmpy B %atiff to\APBIAIpPsiely; 160°C. In

anC%rﬁﬂ)&{h%@#{%fﬁ% ihDSHHh! ﬁ%ﬁﬂéaté}rﬂaﬁﬁ 186 s&dohl PBateFhA418 03 Jand third
I ustrates an exploded view of a preconditioning zone

healet bahlk £103 tlowhot siest dpipratimadiel y E50°0) Tlis nyde vage [ suitehe

R e PR s e b M e

e

K tur
© LNy PIRSHSE
edcBEntRMER fHePRocelPis Whal Be LibB&sto6@BY 8ss sktilled e Al ed

side of substrate 242. In a preferred enbodi ment of

this invention, hot plate 1100 naybe coated with

Tef | on and e e [ (VAR

embodi FaREe ST R Fhvs aer G A b B HRLT ok e 77 fich
coifsiNRee sdroad etiillbdrilel 208, seeund drive kaller ReG farst drenbadki I0A, second

bl'ow hot air at approxinmately 161%81 Thi Séml?%’ ;ae I\{1ar i ed
driey bapk d 191 third drier bank 1102A, and fourth drier b 03A. Inan
embodiment of the invention, first drier bank 1200A, second drier bank 1101A, third drier
bank 1102A, and fourth drier bank 1103 A blow hot air at approximately 140°C although

this may be varied as would be understood by those skilled in the art from the description

herein.

Figure 13 illustrates an exploded view of a second drying zone 224 which
comprises third drive roller 223, first drier bank 1200B, second drier bank 1101B, third .
drier bank 1102B, and fourth drier bank 1103B. In an embodiment of the invention, first
drier bank 1200B, second drier bank 1101B, third drier bank 1102B, and fourth drier bank

30



substrate type and/or thickness and/ or any
pretreatnment and/or |ater tenperatures encountered in

w0 b@4ps8ess as woul d be understood by those sRCT/GBL00BH004667
the art. Figure 12 illustrates an expl oded view of a
first drying zone 217 which conprises second chilled
roller 218, second drive roller 216, first drier bank
1200A, second drier bank 1101A, third drier bank
1102A, and fourth drier bank 1103A. In an enbodi nent
of the invention, first drier bank 1200A, second drier

bank 1101A, third drier bank 1102A,  and fourth dri e{db
1103 folawslies air bt anprevomately 140°Calthpesh thisrmaasbevasied as would be

| t hough .. thi ' -under st ood by
““?%Q@ngi qsg@%}lﬁ@ﬁ@gg&?fﬁ%%ﬁﬁégﬁgégél?l?g#i on herein.
Figure 13 illustrates an expl oded view of a second

dryi 224 whi ch i hird dri Ler, .
003 "PRemts e cEPUUB vieBeo AR BHng Forle L3RG
co{‘x#»iriig%s fgﬁggf(x) gﬁvé’l%ﬁl%r 35D 2Rt dRREbARUODC dridevecdiinitiel bABI101C. In

I ment of the invention, first drier bank

ankeiHdBimar obthd inivention, Harstidrier danks] 2008) and sgedndrdrigs hgnk 1101C,
1102B, .and fourth nk, .30 2

oy
0 R 2 R B U ZORAL AR b o
byARBEKIIERLR i aHIO0m Thd DRughtidn ieseiity be varied as

woul d be understood by those skilled in the art from
the description herein. Figure 14 illustrates an

expl oded vi f ' [ ' ;

conpr 1 £e B edled SLOPITCS Gy 6OF Foueilanthaliong 236 which
cobgRA6s fiRR driteruiae23d, ifest dbienbankIQ00D, addsecam didpbdilrkA1D. In

of the invention, first drier b 1200C and, second
angemiadimenijof thegnentiopy %ﬁﬁ}sg‘l‘ﬁéﬁ’aﬁk ?E‘ng 88%‘?‘1‘3‘&?“6 ﬁ\?g% 101D,

t VAL i b e w561 un¥rstood

bl?héggygg?tlaﬁgﬁxﬁﬁ?ﬁgoa(?? h?s"ég%sﬂtnhe esect?/?in l|?l)(tmi on hereiur?. S0
byHihgsy skilldl inlthe st framabe descaripdrolreinyi ew of a fourth

drying zone 236 which conprises fifth drive roller
235, first drier bank 1200D, and second drier bank

1101D. F'i%lre 26 i1RBRAGE ARBpl&dedtvi@y bhy Rk cleBning unl 204 wikich
bank 1200D and second drier bank 1101D, blo hotgﬁ'é

canmprigep tasky redlierst Ap080dua pelymegFollers Lo0adn e cphpdigenty
.. woul d under st ' | d
iny i B PEOFIR BRIVt oRBEFuRTog ookl A S dubifA6242 an
tr@uB9 fat ciaR Mot gramitetisltto tdckgmolivgs L6t 204 whi ch

conprises tacky rollers 1600, blue polyner rollers

1601. In an enbodi nent of the

Figures 17A to 17D illustrate views of an insulation layer to carbon layer print
for an embodiment of the invention with proper fegistration. Note that Figure 17A
represents the top left, Figure 17B the top right, Figure 17C the bottom left, and Figure
17D the bottom right of sensor sheet 2106. The marks are not shown on the sensor sheet
illustrated in figure 21A. In one embodiment of this invention, carbon print station 103
prints carbon layer which comprises a solid carbon rectangle 1700 surrounded by a
rectangular carbon line 1703 onto substrate 242. In a subsequent print cycle, insulation
print station 104 prints rectangular insulation line 1701 onto substrate 242 which is
positioned in between the solid carbon rectangle 1700 and the rectangular carbon line
1703. When the insulation layer to carbon layer registration is proper at all four corners

typically there may be no uncoated substrate 242 showing between the rectangular
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i nvention, blue polynmer rollers 1601 contact the top

and bottom side of substrate 242 and transfers
w@asoioezBat e/ forei gn material to tacky roll er sSPABGB2003/004667

Figures 17A to 17D illustrate views of an insulation

| ayer to carbon |ayer print for an enbodi nent of the

invention with proper registration. Note that Figure

17A represents the top left, Figure 17B the top

right, Figure 17C the bottomleft, and Figure 17D the

bottom right of sensor sheet 2106. The marks are not

shown on the sensor sheet Iustra ed i.n f.

insplatiog Eine AH¥loandesalid sbep F@tar%iﬁemq o ea%e%eﬁog ifﬁts‘%l@on layer to
car§)811 ﬁaégg%al}lgo% ch@éli a"ﬁ‘gﬁf% 841 aﬁ%to}“’ﬂf &dh HeQURBERed/BinG second

on rec rrounded by a
visid®itdefftg22a) whieh imdsnd emnimdixﬁ&ﬁ conipaiseshenyest pointed at ¢&¢ha>0mer of

th%lfnbs e picay s For st 8 Pt ioh B P e
WQA Glaw %1 folP&Irhér® BLtheisUb AR RBAeht éhes@biher 6@5 tIthcreen

rec angle 00 and the rectangul ar carbon line 1703,
Th%matdn eail fieulvisualininspere thetregistaatisarofiiagplation &y rarbprdyigng this

i BB S G LS8 B RS P Bt

wHaBK e ARG HdtAentd hreMeceddng/ 10 $HA %ﬁﬁﬁﬂ@ﬁ%ﬂ/oﬁﬂ)éﬁ@ﬁnts into
|nsulat|n line 1701 and solid carbon_rectangle 1700

registeationgilsshouldi herappreciateg thaftthe ieb xigaver 282 (ORPHSHE, Yfesxample, 4
cal%%gaé Eéal ?fg G e IR ?kfl: 50&?36015]:{& OP R 3hYiral¥f caﬁﬁ Rid¥s and forwards

I'ng secon I'sion sensor 222, which in one
foﬁ@f@ﬂ %H@ﬁﬁpsﬁ&l’ﬁfl‘ea&ﬁﬁthe fmrreome;scnfma@dcmd Thas thecaorress of each

e substrate. Typi aII art, of .t
cahare B BV RGO BEEEHOH O aeetRt ‘%%P?’rs?tse?ﬁﬁﬁhe Sysltie beneath
thé gi%ac {,an‘f&{\k ¥ okl bhRIS r%@ﬁééﬁs%%eﬁ vl ihsdughttBe apparatus.

one anot her "on & SCreen The oper ator can
THib eystent snsblldsyaniopsipte to seteenmgtbsﬂm affeetnawf adipsimpnihegpay make

t bon d t hi t
hqs%ag]g%mg Pﬁlﬁl’Jfgtot opgﬁ%f,thagfgpl eengs{ltlhg runfm(ag é{g r:=nclude

bl BkeEnot A8 S fscReh gﬁﬁﬂ%ké s&&phéi@b‘t@§@ﬁégbetp®ed9mmg:r¢dm&pos1tlon
i nsul ation and car

on prlntsmto I stration.
rektive tm“‘ﬁ’edmmupemcmee @oslham in relatiga o Qu 'gbﬁiﬁ‘) One the viewer
coBRTR e Wl 8 PR e FATRLAD RN ol 5 and 230 e

afbiB e ARgndl H MalsHatior @fstedi (iﬂing\mﬁk§2m78dmdt2108) aglche eftomatic Y
the four corners of each card. Thus, the_ corners

registrhtiorcaystenntfer example, Fegidtipp sysicns locted pf Rositions B TR and
2%&#&@%@%@'2@31 & f?ﬁ)g% Ell%eallﬁwgﬁ tt{)@ﬂ(@ o@&flﬁaﬁﬁbmﬁ)@ &nd automatically

neras 1's constan el ng replaced as the

coBdet Kraad e ﬁegisﬁhﬁmgﬂm‘iﬂ@rﬁmngr Marks 1700rp d 783 sitoayn in figures 17A to
2&&6‘%&%‘5@@? o atgx%ﬁgé(@n%le\?r | grl]sst;a 1p)1t1 ld}irmg pmﬁmfgea%ta% aftShative or in
addition to using marks 2101 to 2104 and 2107 and 2108 as would be understood by those
skilled in the art from the description herein.

Figure 18 illustrates a view of an insulation layer to carbon layer for an
embodiment of the invention with improper registration when the insulation artwork is
longer in the direction of printing than the carbon artwork. This may occur even if the
carbon and insulation screen are the same size in this dimension because of the substrate

may have stretched or the screen stroke may be different in each stage (a slower screen
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has on the insulation to carbon registration.

Adj ust nents the operator may neke include, but are
wodo4losaz8s ed to, screen print stroke, snap heiBEi/GB2003/004667

squeegee pressure, screen position relative to "Y"

direction, screen position in relation to O (Theta).

Once the viewer registration has been set up on this

and other print stations (using viewers 228 and 234)

the automatic internal X registration system (using

mar ks 2107 and 2108) and the automatic Y registration

system (for exanple, reqgistration, systens cated at
sﬁcﬁ%@iwsér@laziww,lggm Btk pring ?i?nﬁéhﬁé‘fﬁg‘f’ﬂ ot 856 5 R substrae
weéﬁ?go)(n% ﬁ%gg%uteoi@ﬂgr PosbAS BreQUfF TefB TP 1818 e tag ¢ight, Figure 18C the

correct X and Y registration during. .
botpsth Iéft, agd Figurk $8D Tigtbatoml AgE oflsewar sheet 21igr d¥hanihe insulation

Ay v g oR i B e SEfhe Ky SBhRH FhlAp sstae
24%%’ SBYRd BERYech %@r%@én?n& R$OF iR Ehe2108 a88 sviidlitabdie

erstood by those skilled in the art fromthe
rectiensir 17900 ofhdsgishmtiorrofjosdatian layerie carher baysr ¢andiy Becked
insyl ation | ayer 1o r hQnp. . I an enbodi ment of

m éﬁg{%(/@1?1PP%ﬁ%WUtSngsﬁ%rngggsrl&?é%sg{?{%t'i on when the

insulation artwork is longer in the direction of

printing than_the carbon artwork.. TE{iis ma ocigér gven

i f t heFigoes Boillusiiries eamatiag BAaYSF B0 GErRondlaye ey 9

LN ot hi | ' AR 5 AN
e S S
arteaehisshager than tHabwfthe smberepridtX fexadmphy, we288n stroke for the

PCT/ GB2003/ 004667 st rake g | at i |
e o st o 35 o YR 5 B b SR my e
sh?fg%%fﬁeie[f«{h@t of 1RO LarbM?%ﬁnttslih’%fonf INUE Ehal BAUFETD/CEpidsents i@ top left,

Figure 18 thetoprl?ht, I gure 18C the .
Figot il 0B1thefap, rightFigirg 4 P€ thabytiare lefo and RigoretAD dre boipmgight of

sheet en.the insul.ati L
st 00t RER PR S0 b Rl Bg5RUaNs b Oher
ondRE GRS B sotherk iatcated2dBstean 24k catisarbsaed bétween thehectangular

rectangul ar insulating line 1701 and solid carb

ingudgiingiiiied 7017 sofileabogregangls b lof TP sgisaRghol gpltion layer to
ca{é}’g’é‘ﬁ%‘% ?:Qn b@%ﬁéckgfﬂlag@/%e(%ermméééc@ﬁ A8ion sensor 222.

usi ng secon ensor 2 Figure 19 o

Fipliles!S0A ab 26 Dhareiseheneitic dingrarsuideptictong thaesults of aproeess for printing
layer for an _enbodient of the.invention.wt

a serpRbpeY Fuds WP esedhE 2N P?’E“‘B’r s Tl chfog gectangle 1700,

hﬂomﬁﬁaﬂi%&@% 5r thdeaiyol nﬁ]glloesf cdrbéh fé@fahge 1703 ¥blid ftangle from

exanpl e, e screen stroke for the insulation print
thendiyst bazyon ger 200@nsolidaectangle fremcthe Besend grzynmralayer 2001, and

urlcro]gtlé(li %atlvs?rgtesfé{z.e %]ph%%Xll}E Such prints can also be used during manufacture by

automatic ongoing inspection systems such as inspection system 237 in section 6 (after the
second enzyme print). Ongoing registration is typically otherwise carried out by a
registration system (not shown) at positions 237A, 237B and 237C in the “Y” direction
and by a registration control system looking at marks 2105 (see figure 21A) in the “X”
direction).

Figure 21A is an example of a sensor sheet with a first view guide 2100 and
second view guide 2002; first Y registration marks 2101, second Y registration marks
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shorter than that of the carbon print station) Note
that Figure 19A represents the top left, Figure 19B

wo @408y i ght, Figure 19C the bottom | eft, anPCHGBA08/004667
19D the bottomright of sensor sheet 2106. \Wen the
insulation |ayer to carbon | ayer registration is
i nproper at one of the four corners uncoated
substrate 242 can be observed between the rectangul ar
insulating linel701 and solid carbon rectangle 1700.
The registration of insulation layer to carbon Iayer

n hecked. rranu at or n
ZW%SF Y ar@pation soark SF‘J%Q} dud gty Feggstegticy gggli?f@@gﬁfnéx
re%sﬁgﬁéﬁ'ﬁlaﬂ{%pi 1051 Mté st X?%&t}aﬁloﬁfmzﬁfkﬁﬂ PESoRpREs carbon X
rinting a second view guide 2002 (see Figure 21A)

regisiration orapl Elsfﬁsmdonsuwm% orgisteativn nasre 2108 OFiguig @1 Bagwan exploded

|ns ation r. ta 01 w.ca
vieBatangrev 1 S ept P vt por it XS PR Y e 20 07.am0
sdcad® vig® 8Ride 2002 . dFifel ATHs@nfexpIodtd @icseefvnd réw zwiflﬁl sensor sheet
I ayer 2001, and__uncoated substrate 242. Optiona

with en insylatian Xareststratéon matk 2h08iang sreandricy avid 6893/2 Insulation

R e e -
2 BDapdin @oihgsg proitgs b hdggee goisit (lafihand edgetsyp loﬁmlaﬂyz 1 08) in advance

oL i 07 16 ot A ILARSE e i

: l
Ay et e st o

catboretayenriThis Fambe wefid Aay & thmscespdpidsubbequentemsn agivedt

Wth a first vi e21 ui de
agasioRs idphest gt dk ot PR e 60 W ik JelebPartwor
dinsishliatheR distton. 33 WO 2004/ 040285

PCT/ GB2003/ 004667 2102, third Y registration marks

2103, and fourth Y registration marks 2104; and X

regi st %'g}?@oﬁ@ir \hec'w ot re %Agﬁ&fgfttir}%g At &Hs $d §}Q>Wnﬁiﬂ f 1%1;6 20A-D,

mar ks onprises car t1on mar
uﬁtlhd séc[l&ubﬁini whicitheg gresprirted. okt seetida de.ﬂtBarbdﬁ lglnt(staﬂmBlOS, a solid
e rQw w thin sensor sh

d f
RPon I REOITO0S PRES SIOGE MOLY Ats iR acHagR Bab D Jvhich
stk INAE el 1id @Bon ’r:écgéifgfe 2Ao0CAk §ecﬁ6n PUTiRAEH oM ip8itt fhtion 104, a

one row W thin sensor sheet 2106 with an insulation X
reckyigelar isilationdink 120108 pantedmtﬂmmi th¢ salidpaite rectarele 1700 and the

R o RIS, TR B L RiBh SRR Dt o
c@¥R8rsi thpidallylefOviliR ot @R odted khlgiate mlsﬁbwﬂgﬂfetwm&dhd carbon
edge say of mark 2108) in advance of that

rqg;itqn@len 00ad sestangglag insylaving e d 70k aﬁgdlltlﬁgqllyg ﬁt),sectlon 4 of insulation
pﬁh’tb&?c%%ef&, {h%}(ee{rg 75 fhobd f&{aﬁgular insulation lines 1701 printed directly

above the solid carbon rectangle 1700. These two additional insulation lines are used to
“visually assess the registration of first enzyme layer 2000 to the insulation layer and second
enzyme layer 2001 to the insulation layer, this is done so by printing a solid rectangle of
enzyme ink within the rectangular insulation line as illustrated in Figure 20C and 20D.
Thus the third and fourth printed layers can be regiétered to the second and not to the first
printed layers. This has the advantage that a change in artwork size between the first and
second layers (which may be required should the substrate stretch after the first print

station for example due to the heat and tension encountered in the first drying zone 217)
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inrelation to the second printed layer (in this case

the insulation layer) rather than the carbon |ayer.
wabiog/oemss be useful say if the second and subseCEeBR003/004667

screen artwork dinensions are longer in the X

direction (along the web) than the first screen

artwork dinension in the X direction. An expl oded

vi ew of one corner of the print guides is shown in

Figure 20A-D, in the sequence in which they are

printed. At section 3 of carbon print station 103, a

solid carbon rectangle 1700 is printed al on
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ThisPA&S ﬂ\ﬁ]@ﬁ r%ét[’ﬁti%ﬁ sHtéR Gés/a CEPOViSIoh RPsterltd thokak 8co Dots™
rectangle 1700. TheSe two additional Tnsulation |ines
whicleare peigitedon the Sagionyriat stetien, theseallgwshe aanchio adjustite the carbon

enz r 2000 to the.nsu 1.Q y .
prighagfenap RiGF pdtidhior futchl et S oty eI BF AR 108 s
sefiPRinSkedardy sudh béithoge Bloktrated BCFiga@l 2 Af Purehed/cards ark ejected

wi thin the rectangular insulation ine as il]ustrated

fram prEachtQ$ i serverarhelt, fHuconvRRCr et tEpnapRItsiag pargls under a
ba?cg)ld? tﬁega%ﬂl \?fé{%ﬁ%ﬁ&ﬁg Ewg gf fh%%a?éoﬁé%ﬁrll g&#éﬁﬁi el@&ﬁﬁy EthBOhe card is

ayers. as the advant age
actépplor fejed amngiation ta e Welk Databasdh dtusereatid drendivebe¢xtanigon of

T T PSR i per
. tensi tered in th
pr@%@nzogﬁfgg%%%nﬁﬁ . gggw&ggggun ered in the

PCT/ (B2003/ 004667 can be accommpdat ed wi t hout adverse

Cypr carteaspharist G {Poflolt PRRERARICE B RPALR prin
statioAN®52anddecbitPerfthe Print Setigi DOESS havuhstamtfer Vdi]ly inspecting

i ncludi ng_the sensors printed thereon is rewund q¥
the esgisteation immediptely after the PERE BIeess step usipg diest vishen sensor 215,

DR By 222 AR Sy PESBUO B G258 vl
Fdiwachsdction ifXE0 wéb pYintifiy etaapfdetuatg prgeeBot SeetionPydchand 6 - there
are Web Viewer camera systems located immediately after the printing process step. See
Figure’s 2A-2C for web viewer locations. There are two cameras at Section 3 and four
cameras each at Section 4, 5 and 6. The web viewer cameras are part of a manual set-up
process used by the Web machine operators during the start of the print run. The cameras
are used to view printed marks, which aid the initial set-up of carbon alignment to substrate
242 and registration between insulation layer to carbon layer, first enzyme layer to
insulation layer, and second enzyme layer to insulation layer. The printing guides are
jllustrated indicated on Figure 21A. For carbon print alignment, second view guide 2100 is

used to indicate the carbon print position in relation to the edge of substrate 242 as it runs
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The Preco Punch registration systemuses a CCD vi sion
systemto | ook at "Preco Dots" which are printed on

W b@4QankoOn print station, these allow the pune@T/G82003/004667
adjust to the carbon print and enable the punch to
"punch" the cards out square. The output of Punch 108
is a set of punched cards such as those illustrated
in Figure 21A. Punched cards are ejected from punch
108 onto a conveyer belt, this conveyer belt
transports the cards under a barcode reader which

s b sy 05 Jhe e B b posrated in
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running within there tolerance limit. Unacceptable cards may be removed at future

processes either manually or automatically.

Table 3.

Hot Plate 1 of Drier Bank 1 Drier Bank 1 Drier Bank 1
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machi ne) See Figure 21A. X direction registration is

control |l ed by the internal
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system of the

wore@hioness This utilizes the printed areas i ndi PEl/682@8/004667

Figure 21A, B and C.
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Figure 22 is a schematic diagram of parameters X, Y, Z, and 0 used to register

the web printing process. The parameter Y represents the direction from the operator to the

machine side of the web printing machine (typically horizontal). The parameter X

represents the direction from unwind unit 101 to rewinder unit 107 (typically horizontal).

The parameter Z represents the direction perpendicular to the X and Y directions (typically

vertical). The parameter 0 represents the angle around the Z axis. In an embodiment of this

invention, the following parameters are used to register the following print process such as,

for example, carbon print station 103, insulation print station 104, first enzyme print station

105, and second enzyme print station 106.
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Drier Bank 2 Drier Bank 2 Drier Bank 2 Drier Bank 2
Drier Bank 2 of | of 2 of 3 of 4 of 4 Drier Bank 3
wriogn4B8hk 3 Drier Bank 3 Squeegee Squeegee 0PCT/GBR002/004667

of 3 Pressure Pressure Drier Bank 4 Drier Bank 4
Drier Bank 4 Inside Hood Inside Hood of 1 of 2 of 3
%RH %RH Squeegee Squeegee | nside Hood I nside Hood
Pressure Pressure Tenp Tenp Qutside Qutside Hood %RH
Hood %RH CQutside Qutside Hood Tenp Hood Tenp

)Tllc f ~r~ Web Tension Wb Speed Figure 22 is a
schermtl c diagramof paranmeters X, Y, Z and_0Q us?’(\j( to

r egl st By onedrebagémenrafithd presopt myention, theoutt aftheaye

re sents the.direc :
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twb Qddnfiealt Bzl me Thger priae itregXter mmrcemnomet tocfortn stmps ieach

contsHn M eFprocTRE) %?%3@%@%%%?# it Septde e dine
Glﬁg(gs% Gﬁq g'b?&gd%m&) fe. (TRE st qus ubed f(fr%@ltfln‘i’(ﬁﬁtoﬁhg Rif 6RJol Blucose in

ar amet O represents the angle around
cohjiﬁthorﬁWlth atheterm iﬁrc&iubt)msrd meveml desigss of strpsare envisaged At present

f ol raneters, Q, re ter t
the b GG Fbrog it ate Biieh i SiiEH o i e O gy Ulten
mkt Which i94VaPabitdm LieS¢al ineh print station 104, first
enzyme print station 105, and second enzyne print

station 106. 37 WD 2004/ 040285 PCT/ GB2003/ 004667 In

one e od'rren. f the . thy1QF Th;
oT. gl T Bk AIGERCe AVER e Es A s
il1astEae dhe(é@ffﬁilété prigte@@addowhich rentaus IIOWRBWSI” of fm)“Smps” There are a

identical Enzyme |layers printed in registe
totgh of $4 “sttgpsp’a%/%cquf Egt (g%gwtlons are alsoeu%’dlcateci By prmti%g rows 0 to 9

(each of 50 strips) parallel to the direction of print, the process can be easily extended to

inclusion of a cutting step separating one row from another. Furthermore this means that
any defective rows resulting from cross web variation in print quality (perpendicular to the
direction of print)can be identified easily. Each row is allocated a number (identified by a
barcode) and therefore specific rows from specific sheets on the web can later be identified
with reference to the database and eliminated without the need to reject the whole sheet.
This increases the yield of usable product from the process and renders the whole process

more efficient.

The movable substantially flat screen copes well with the types of ink
(solid/liquid combinations) used in the printing of electrochemical sensors. The use of a
movable flat screen can enable better control of print definition and the deposition of the
thicker layers of ink needed in electrochemical sensors than may be allowed by rotogravure
or cylinder screen printing. A variety of types of screen (with different mesh, diameter of
thread in the mesh, thread separation, thickness, mesh count ) are readily commercially
available to cope with the different requirements of different types of ink in the continuous

web printing process (carbon, insulation, enzyme).
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contai ning an el ectrochem cal sensor and associ at ed
contact electrodes for detecting ducose in a blood

W@ 200plo#0285The strips are used for self-nonitoriPgr/eB2003/004667
bl ood gl ucose in conjunction with a neter.
Producti ons of several designs of strips are
envi saged. At present the web is designed to produce
"One Touch Utra" strips for use in the One Touch
Utra neter which is available fromLifeScan, Inc. A
schemati c di agram sanple of the artwork produced is in
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uiBMa8isfont | @t screen can enabl e better control of print
definition and the deposition of the thicker |ayers

of ink needed in electrochen cal sensors than may be

al | one i S

o e R SOSN8 it (A 5 SHEAT -k B e
pfbcagiehed resilt, xirlliurneaef thesubs@ateisicatddfoeathngepar diyitiesinks after
thi.ckness, mesh _count) are re dily comercially

PEQRS. A1 wbptwate 3l stiptch vrpredigte lfyéialéﬂflg HBRAS sawgorbm subsequent
pghlfsferent types of ink in the continuous web printing
process (carbon, insulation, enzyne). 38 WO

2004/ 040285 PCT/ GB2003/ 004667 Because of the

arrang nt of he fl at ting roll

substra S Tmrasihuistel o Shch it MasbR i (ehesmipedov speral
RYRS tsrt@{cﬁ,s@ ww%xlt@frelweam A SstéH 8/ kpdd@nd Qubstrate
be mani pul at ed (screen to substrate angl e, squeegee

staetgh at thatqodrt{beth revprsiblgead proeviersibla stretch) etcThe image size variation
(between different printing steps) when looked at the end of the process was found to vary.

D&

It was unpredictable and higher than expected significantly reducing yields. If the
mismatch between image sizes between layers is greater than 300microns along the web
(x-direction), the product will not work. The excessive image size variation was thought to
be due to excessive and unpredictable stretching (due to heating and tension) and shrinking
of the web substrate.

The problem of stretch and tension does not cause the same problems in flat bed

printing. To solve the problem in the web process, pre-shrunk substrate was tried. The
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squeegee to print roller position, snap distance,

relati ve speeds of substrate and screen and squeegee
wW@e@}/0¥s8dpti m ze the print process for el ect rPCheBR@Al04667

sensors. To summarize briefly in a web manufacturing

process for manufacturing electrochem cal sensors,

the web expands or stretches as it is heated up and

pl aced under tension during the process. The printing

stations (for exanple carbon, insulation, two enzyne)

typically each are followed by a drying station. In

rder to . dry .the in fficientl, the.drjer statiqgns
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fipst drist piowther pragpREtoRas at g spificiently highstemperpture ge thahingene example,

iy A . . ed. L
GO s SaETp Rl S el EL SRS 35 pine

psintedoinl thes substratespeed and substrate stretch at that

poi nt (both reversible and irreversible stretch)

etcThe i mage size variation (between different
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I I I gher
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up e ho@ desreesengnti grade. fibedempeyatnoad wocaumtered byl the substtatelater in the

m snmatch between | ma l,.zes between |ayers is greater
P{%"S?\S’% i é’r‘fg’ﬁ%ot?ﬁc&ﬁ‘g??ige%?‘ (x-direction), the
product will not work. The excessive inmage size

variation_was thoug;gt1 to be due to excessive and )
unpr edi @tfipre 2Athe fesh hepjer haple thap theamprintpd srbistrataericovrters is the

h@ftﬂat%h’ﬁﬁig i Dgen i cJalfkgl i h\gftﬁgﬁ ilﬁgtaﬁ? ﬁgmgct? &%%Ll@%l}agg rT(%suring motion

S etc and tension cause e sane
of thefwelt Theteatps intdoitnged td theshakk dadeld thar subktedte. Thid 8 eumeltly

rocess, pre-shrunk substrate was trie The 39, WO |

G508 GA0SbESAC S TR R SR 1 a0 s 1005 ipeiat
SRRy bERVidRIthE 8est ABALIsHnAlSnRS]. e ARUAGUAEH ik 166.5%. In

web process. However, the variation in |1 mge size
Bagk@ihetair i iptrodiesdto thedropafise of thedubsithte gt adetipoint of 160°C with a
specification of +/- 4°C. The calculated mean is 161.29°C. In Bank 3 hot air is introduced
to the front face of the substrate at a set point of 160°C with a specification of +/- 4°C. The
calculated mean is 161.18°C. In Bank 4 hot air is introduced to the front face of the
substrate at a set point of 160°C with a specification of +/- 4°C. The calculated mean is

160.70°C.

As a result of the web tension and the heat introduced in the drier, the web
substrate is stretched by approximately 0.7mm per artwork repeat. This was one of the
primary reasons for utilizing Station 1 as a preconditioning unit to stabilize the substrate
prior to subsequent printing stations. The use of Station 1 to precondition the substrate
improves the stability of Carbon and Insulation Row Length since much of the material

stretch has been removed from the substrate prior to printing.
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The current proposal for the web process is the use of
hi gh tenperatures in a first drier or rather
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i mge being printed on the substrate. In a first
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In a further embodiment of the present invention, the substrate is pulled off a
roll at a predetermined tension and passed over a first heater bank which, in one
embodiment may be a Teflon coated hot plate. The hot plate lifts and heats the substrate as
it passes over the hot plate. Heat is thus introduced to the back face of the substrate. The
hot plate may be adjusted to heat the substrate to a temperature of approximately 1600C
+/- 50C. The substrate then moves to a second heater bank where side of the substrate
opposite the hot plate is heated by hot air which has a temperature of approximately
1600C with a specification of +/- 50C. The substrate then moves to a third heater bank
where side of the substrate opposite the hot plate is heated by hot air which has a
temperature of approximately 1600C +/- 50C. The substrate then moves to a fourth heater
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substrate reaching any print stations). In a first
processing station in accordance with the present
w0 poogfoti28h1, a drier bank heats the substrate tPCEHGBREI0S1004667
tenperature which is substantially higher than any
tenperature the substrate will encounter during the
printing process. For exanple, if the highest
tenperature the substrate will encounter during the
printing process is 140 degrees centigrade, the first
tenperature may be on the order of approximtely 160
. r i - d
SRRSO AEE B Rl b Rl s
teflperafirep$ dppeoxidately 1B0OCCcHNSHE.i oni ng a conti nuous
substrate by heating to a first tenperature; printing
an el ectrode | ayer on the substrate; exposing the
electr %%ea \le@(l? bf 8 vikb tBERIn ARUKE Reat TnitdiRbed 8he drier, the web
el ectrode layer I's heated to a second tenperature;
substrate fepregonditivnedf thnstednang éreastnetobinigsingnestjeent plugasstsbaps in a
second te rature. |In further enbodinents, the
COPSOHRP AGUNE POCERe t he steps of printing an
insulation |ayer on a continuous substrate; exposing
the insulation layer to a heat source so that the
i nsul atlt will bagespgiized ibat agpiivalest sfrudiiresimag bp srbstitnted for the

wh i h h [r e I reat
st o ied B0 ST HERIE 380 M ot R P Bl e
invemsait nbnhe Bhlytuctudewhich shdyeiccenhsloped togshpldnienftherclditned
.at a predeterm ned tensi on and passed over a first
inyepHay Inadditign; it ﬁ}oqlﬁb%wersé?ﬂddgmﬁﬁfy septuse describgd ghgve has a
{ ' :
APl G il KDoAl &) & o ke e AR, i Fncton.
thus introduced to the back face of the substrate. The

hot pl ..,may be adj.usted to.heat the substrate to
t enper 3&&1‘%1’%7‘.6 %f“fﬁ‘?‘gi; Q}f'?lé@ﬁ‘éefkl]tﬁl‘.’etwn%ﬂ ¢ been shown and

d&eRBéd dr6in! A KA1 BB BBFiohP1oAhSRERIEdNE Wit haNtucWRBIbBdiments are
side of the substrate opposite the hot plate is

piowided bybyeyreftexainplagnly hNwasroys veiglionat deepgesf and substitutions will

r.Qxi, gt . 0, ' iLfication of +/- 50C.

ofRRCERTRIS Sep bR s ARl BRI R B Rl Riputabe
usdefisto@f thahearioub alicrabitves fptsichibotliigetobf the atventicén dBadiled herein

by hot air which has a  tenperature of approximately .
mpg b empleyetin prigtiging diciny@tione i inpyended élgaé thesfpplpwing claims
SRR SOOI B RILORISRL bl oot
claaad &l thyir hguivakents hicoveréththembyt enper at ur e of

approxi mately 1600C +l - W
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As a result of the web tension and the heat introduced
inthe drier, the web substrate is preconditioned,
W@ baog/os@8iici ng the stretching in subsequent prPCEE82003/004667
steps in a continuous manufacturing process. It wll
be recogni zed that equival ent structures may be
substituted for the structures illustrated and
descri bed herein and that the descri bed enbodi nent of
the invention is not the only structure which may be
enpl oyed to inplenment the claimed invention. In
on, it should be understood that every structure
45Cri bed above has a function and such structure can
be referred to as a nmeans for performng that
Vﬂﬁgillon vm|| _preferred enbodi nents of the present
een shown and described herein, it
will be obV|ous to those skilled in the art that such
enbodi nents are provided by way of exanple only.
Nu . j i i s
1o bl bhingl (HBAERe uf B M A BRooll! Wherein seid
wath paanifacgringgoddse inchidens plunality bf phintingktéys, saidohetheot @onhprising
that various alternatives to the enbodi ments of the
thefiofon descri bed herein nay be enpl oyed in
practicing the invention. is intended that the
fol | BYIVRE BichFubstratg drppgh ftamewela Bswessrundpitensigint i on
and that nethods and structures within the scope of
t hes beatisiggidssubpitate hxsaid subsirate isprssedibraygh spid grinting steps,

war o Ry sl Qb Bk Y S Pe S i regieiyie

SUbSte&ﬁ}i@aﬂlﬁ@rﬂ@&aﬂqjﬂhﬁﬂgbt&ps,@gdpr ocess wherein said
web manufacturing process includes a plurality of

Pri NphdithpSaRPsibs®ab thidB Ef&@n&ﬁﬁﬁh $tafiBn whRiSdaaPSubstrate is heated
novi ng sal d substrate through sal web process under

t ensiohsechad pradgtesaingd sumperatareavhich exgegdsssait fivshpred¢termined
pass? £ h said printing steps, wherein said
substrate tenperature does not exceed a first
predeterm ned tenperature during said printing steps;
and passing said substrate into a preconditioning

‘gtl n mhe in s bstrate. AS heat e to. a,second
g f“gt waetg {atd sseopd gredstermingd fegperature is not

rrfé[ 69@71céédgdrlﬁlgmg subsequent stages of said web process.

3. A method according to Claim 2 wherein said second predetermined temperature is

approximately 140°C.

4. A method according to Claim 2 wherein said preconditioning station includes at least

one surface cleaning station adapted to remove impurities from said substrate.

5. A method according to Claim 2 wherein said first predetermined temperature is

approximately 160°C.
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tenperature. 2. A nethod according to Claim1 wherein

sai d second predeterm ned tenperature is not net or
wezmesdess duri ng subsequent stages of sai d webPQ@T/GB2®3/004667
3. A nmethod according to Claim.2 wherein said second
predeterm ned tenperature is approximtely 140C. 4. A
nmet hod according to Caim2 wherein said

preconditioning station includes at |east one surface

cl eaning station adapted to renove inpurities from

said substrate. 5. A nmethod according to Claim?2

wher e Fd firat . . . .
6él p% rngéxdlg%@g é’ﬁ‘y‘f‘%g’&ﬁﬁ‘gq%%%fb %ﬁg il&k%@% i85tHteheli 3t a predetermined
tdDSibn @it O3bélfg Beated BH.said swedtigatedatanrinkédigmperatiirai m 1

wherein said substrate is stretched at a predeterm ned
tension prior to being heated to said second

predeterm ned tenperature. 7. A method according to

7C BiRBoMRRbRIife BACHinD 6 SFRFGA 530 PrbdeRARINRM tdnSioR 94 not exceeded
exceeded during subsequent stages of said web

dpring sshseq@nt gagestdiceidarbaretesyy to Clai m 7 wherein said
second predeterm ned tenperature is not net or

exceeded during subsequent stages of said web process.

9. A nethod according to Claim38 wherein said

8pr Aaethod aceording &t Elaind A wheedit dd sedont pasletermined sanieagtere is not
cl eaning_statjion adapted to renpve inpurities from
mefoRCxsTRdE diriog sbsedientstanstotREby el P9CEs Ol ai m 7

wherein said predeterm ned tension is approxi mately

165N and sai d second predeterm ned tenperature is

approxi mately 140C. 11. A method according to Claim?7
Mhame¢thod adedrding theCleivaB vdwraie saifl precosditipning statien ticlpdes at least

165N.and,sai d first .predeterm ned t ratuce Ls

oBg R R SasR o RS ) R o BR it 4
wherei n said second predeternined tenperature is a
tenperature sufficient to renove the irreversible
stretch fromsaid strate. 4
10. A method accor: mé to él%gn 7 waherein szﬁd predetermined tension is approximately

165N and said second predetermined temperature is approximately 140°C.

11. A method according to Claim 7 wherein said predetermined tension is approximately

165N and said first predetermined temperature is approximately 160°C.

12. A method according to Claim 1 wherein said second predetermined temperature is a

temperature sufficient to remove the irreversible stretch from said substrate.
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