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ELECTROCHEM CAL SENSORS BY MOVEABLE FLAT SCREEN
WORIMIOUNG) Field of the Invention The present PAVAIB20031004694

relates, in general, to a process for manufacturing

el ectrochem cal sensors in a continuous web and, nore

particularly, to a web manufacturing process wherein

el ectrochem cal sensors are printed on a web utili zi ng
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nmeasur enent of glucose in human bl ood. The manufacture
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[ r,ange 0 | ayers is critical to the
%Iaflf%g'fn:eae(ﬁﬁi% inc‘)lﬁﬁto rpt he device. Further, in order to
hol d down costs and neet demand, it is |nperat|ve
that the el ectrochem cal sensors be manufactured at
very high speeds and with absolute accuracy of
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analyte (e.g. glucose) in the blood to form an intermediate analyte that may be measured by

ameter adapted to measure current or charge at the electrodes. Manufacture 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 example, blood

or interstitial fluid. Many analytes can be tested using such electrochemical sensors,



el ectrodes, the reagent used and other factors. Mny
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manufacture is done within particular tolerances to
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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
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structures have al so been described. In a web

manuf acturi 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
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therinditvidugl senfdréy froin dhdbbaiklsedwen  printing
el ectrochem cal sensors on a web. Rotogravure printing
typically gives very thin print heights. The thick
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required el ectrode thickness for el ectrochem ca
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consistency and reljability. Rotogravure printing
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el ectrode qual ity and consi stency. I i nder scréen
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Rotogravure printing with carbon inks (which typically have a high solid content and can
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



single feed arrangenents (as opposed to conti nuous web

arrangenents). Furthernore, the ability to manipul ate
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i nfluence on the print quality by doing this) is
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printing) 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.



particular followi ng the four print steps (for

printing carbon ink, insulation ink and two |[|ayers of
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a cutting machine so that the cutting may be done

al ong the rows separating one row of sensor strips

from another. Next each row nmay be nmani pul ated so as

to be cut into 50 separate strips. These nmanipul ation
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mEledsNVENTI ON | n one enbodi nent of the present

i nvention a nethod of manufacturing an

el ectrochem cal sensor includes transporting a web of
a substrate past GEMMARY OFAHERINVENGIORNS and
printing one or nore electrodes on the substrate at
one or m)re print stations by screen printing

R e NN -

cleottedteindeh] bERObEInCRIdRY @MisPeing WEGH DdubStrdto past 8hé ¥ MBre print

out the
stations and printing one or more electrodes on the substrate at one or more print stations

by screen printing electrically conductive ink using flat screen printing. In another
embodiment of the present invention there is provided an apparatus for carrying out the
method as herein described comprising a web of a substrate for printing an electrochemical
sensor thereon, one or more print stations for printing one or more electrodes on the
substrate at one or more print stations by screen printing electrically conductive ink using

flat screen printing.

In one embodiment of the present invention, a first insulation layer is printed on

the substrate at a print station by screen printing an insulation ink using flat screen printing.



met hod as- herein described conprising a web of a
substrate for printing an el ectrochem cal sensor
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or nore electrodes on the substrate at one or nore
print stations by screen printing electrically
conductive ink using flat screen printing. In one
enbodi ment of the present invention, a first
insulation layer is printed on the substrate at a
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screen printing a first reagent ink usin
the subinatept afperth prnt| stationdyascesep printiegla serond atagentdek usifg flat
reagent |ayer may be printed on the substrate
“%%gggggégTh print station by screen printing a second
reagent ink using flat screen printing. In one

enbodi nent of the present invention, the flat screen
is at amoBpgnbodimentef the present invention, the flat screen is at an angle to the

web of substrate in the direction of printing as the web of substrate leaves a printing
position which angle may be acute. More particularly, the angle may be between
approximately 25° and 45° and, more particularly, the angle may be between around 25° to
35°.

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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web of substrate |eaves a printing position which
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be between approximately 25 and 45 and, nore

particularly, the angle may be between around 25 to

35. BRI EF DESCRI PTI ON OF THE DRAW NGS The novel

features of the invention are set forth with

particularity in the appended clains. A better
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iliustrativecenatimdimaed, inywhiel thegrigeiples of e ihoddtiowiahgutilized, and the
detail ed descriptjo ,}_‘hat sets forth illustrative
a@?B%PW@E@QWmﬁS%WEW the principles of the invention
are utilized, and the acconpanying draw ngs of which:
Figure 1 is a schematic diagram depicting 8 sections
Figure hs awhepriindiaggmpdemetsmg 8 fectjonsofike wsb arisidiepratess.
di agram depicting a first and second sections of the
web printing process. Figure 2B is a schematic
Fibiud? AR &8dHchiatib diaddrdrh dbsctid P4t an@8lohd §écﬁoﬁse<ﬁﬁth9%b printing
of the web printing process. Figure 2Cis a schematic
P¥ICEHr am depi cting a sixth and seventh sections of the
web printing process. Figure 3 is a schematic diagram
depicting a hum d environnent around a fifth and sixth
Fiveed 2B fsa sthetnatic WRlgraa Hegibti a thirdUoRrd, Andl SRIDQICHOHS of the web
vi ew depicting a humd environnment around a fifth and
PERYRGPIEERSEi ons of the web printing. Figure 5is a
perspective view of a pipe with perforations. Figure
6 is a schematic diagramdepicting a flood cycle
Flgugr2@ is7a schematic Gimprint depdithgy peixtient tventh Secbrsdf the web printing
cycle Figure 8 is a schematic diagram depicting 2
PCf¥er ent squeegee angles. Figure 9 is a schematic
di agram depi cting 2 different squeegee positions.

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.



7 WO 2004/ 040290 PCT/ GB2003/004694 Figure 10 is a

schemati ¢ di agram depicting a screen snap di stance.
wWOo2@une29d i s an expl oded view of -a precondi t PORGBV03/004694

zone (211). Figure 12 is an expl oded view of the

first drying zone (217). Figure 13 is an expl oded

view of a second drying zone (224). Figure 14 is an

expl oded view of a third drying zone (230). Figure 15

is an expl oded view of a fourth drying zone (236).

JFigyre 16.is an .expl oded view ' eani ng unit
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| ayer to carbon |layer with proper registration.

Fi gures 18A-18D are views of an insulation |ayer to
FigareHdris kmgxplodsdrriew o & prepndifigping £pag &é B-when t he

artwork resulting fromthe screen 301 is stretched.

Fi gures 19A-19D are views of an insulation |ayer to

Fifffeons kit asloddd Vew b thanst doymgizone 570n when the art
work from screen 301 has not stretched. Figures

20A-20D are schematic diagrams depicting the print
Fig | Ifé;ilti’»ti?alflg{%}g?%% Ae®of afsé&xﬁatdrﬁhg%n@(,zzhﬁe web using a

VI ew or visual 1nspection during an
initial registration process. Figure 21A is an

exanpl e of ensor sheet with a fi and second web
Fighea 4 ragsniofed Bew otadoeh dine 2o 30 {our th v

regi stration marks; and X registration marks. Figure

21B is an expl oded view of one row within a sensor

Fighsel5 wiah lexploded view of a fough strylagizere 8Pk. 8 WO
2004/ 040290 PCT/ GB2003/ 004694 Figure 21Cis an
expl oded view of one row within a sensor sheet with an
Fiosdl] @dsiafRxflodb@ giewt 6fad firshcleaiikg onie(20dpat i ng a car bon
registration mark. Figure 22 is a schematic di agram
of paraneters X, Y, and O used to register the web

Pl 7 15 8RB DR AT (B Ehf o Py WAASTEAT kdfstration.

Figures 18A-18D are views of an insulation layer to carbon layer with improper

registration when the artwork resulting 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.



I NVENTION Figure 1 is a schematic diagram depicting 8

sections of the web printing process according to the
w@e@gen290 nventi on. Section 1 is an unwi nder uPCT/GBRID3/004694

Section 2 is a pre- conditioning station 102. Section

3 is a carbon print station 103. Section 4 is an

insulation print station 104. Section 5 is a first

enzyme print station 105. Section 6 is a second

enzynme print station 106. Section 7 is a rew nder unit

107. Section 8 is a punch 108. It wll be understood

by those skilled in the art that while the foll ow ng
Figlas Q1 Ci$ hmwexplededtview bb onarqw withsisa sensbrapee wathum insulation X

concerning these 8 sections, the.groc’ss and appar at us
regiptration mark PNRE CQIHNE & FHE1 SHIFEHTANOT Halfr eat er or f ewer

nunbers of sections. For exanple while 4 print

stations are envisaged in this enbodi nent, one or nore
Fipuirie2l is adtiearasic diugrain b€parsmdtersiKs Yipand Gresedite registéntberweb

the scope of the invention. In one enbodi nent there
PrBS RTOGPSi num of two print stations for printing an

el ectrode | ayer and a reagent l|layer. In one enbodi nent

of the present invention, Section 1 may be inpl enented

usi DETAILED NESCRIPTHOR OB ILLUGTRATINELEMBODIYHEN'ES OF THE

for exanple, a Martin Unmt tomatic Splice which

is available fromMartin Inc. in Rockford,

L. I nFidirs 1 (D efiehié dRbral@epitR s deflonsSfFahd @HS phnting process

3, 4, 5 and 6, may be inplenmented using a nodified .
ackendinga ty prosent invighiieth Sectian Aiis amevipdertingleheSection 2 is a pre-

K nn schi,nef abrik. ' .
et s ey SPARPH is TR TR Bl PR, Sl d oh fhstation
prof Gtation 184.nByctia 50k @ fesrdizjmhe primgstationt1 030 Bection 6 is a second

Pre-conditioning unit 102 nay_ be used to precondition
engyme PFiat Eatpoml 6 | Ssction 7 bt 2 FRviRder 3aK 194 Preion 3is apuneh 108. Tt
w?f'ge ShdBYood ﬂiﬁ@edsﬁlfédéﬁ figeEd bt Q&jlé:ﬁ’l% %‘ibwihg %Hé(ﬁ’flp'tigﬂ relates to

ITst enzynme "and second enzynme |1 nks onto a ubstrate

a prb2ess 9ad hpmmatis nenceining (heee 8 saotingks theymdeesd 07 appatatesof the

.for, | e, Lt 9 W0. 2004/ 04029 . .
inEsti a0 69 FIORH I BERICR etV APERCT Of sPieR: s S prgple while 4

prifRTstaiBnd e QATsA ged iR fhis bib&RARIHO bfe of horeIRt s@fofs YA be used
i nclude a punch 108 such as, for exanple, a Preco

withew depditiog fiom the acdpgisf éhef inventione d onererabedimient thergaxaa
Kansa del 2024- P- 40 i
miReT o B R E el G pd i o T repli g e

pi eces of apparatus may be varied and/ or

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



repl aced and/or omtted altogether w thout departing

fromthe scope of the invention as w | be understood
whyoothereo skilled in the art. Figures 2A, 2B apdI/@82@B004694
schematic diagranms illustrating the path of substrate

242 as it passes through Sections 1-8 of a web

printing process according to the present invention.
In one enbodi ment of the Invention, the material used
for substrate 242 may be a polyester materi al (trade

B g RS, S e
irchide agfuntint @8 surh as\vor eianlipiy, direcd punchwetigh B,available from Preco
NI X U e U .
n%@'dglfs el @5’ tQ?ﬁ@nﬁ ﬁﬂﬁe& theie fé@éstd gﬁrajcu)é n%#ﬁeasj%k-ﬁdfaﬁﬁ/or

uction o et rochen cal Toensor s by f
replaceé ancp(m omitied abiogahewetitlolut depagtingsfiam thddcepe ef the invention as

aus requi.J; e for the material to be
Wrt‘)lig ger‘%f’o‘i)? ﬂ’toﬁé(‘@%{%%ﬁ?%ul abl e through the
apparatus and of sufficient width to accommpdate a

sui tabl e quantléé of sensors to render the process

c 0 rmer Jigptey 24 2 jand ZS@mmhametlelzgwa;s illustraticig therpath of substrate
rrpr o gssgé) @Ardu%g,seg@%lsl ]g if/ g évt%g mol{mgg}o%esfsslag:g%gmg to the present

invehied. aﬂn onbefdudigndnt obhb dnemtieatthe fn&t&ﬁl’ bdedl fait substrate 242 may be
el evated tenperatures_and tensions used during the we

a ppbysessmaicHal @dgnime Mekingr Bsehi28).widph isgpanufstyred byl Dupont
Teng{ngﬁﬁféﬁ‘?fsﬁgﬁatk Qﬂfgags gﬁﬂﬁéed@ r?fl%ﬁhﬁfenap il n&f be, for example,

S 1h one e e I nvéntl
nomimailgé50 matens tick ieyad7(nem wide ushaepdoxh )6601|flﬁﬁ dergii. | Tlesde

In the art .fromt criptio ovi ded .h
dimpepsiogs Osﬁ'bﬂ@gis ﬂngt"ﬁg&ﬁ%am%ﬁ 5)9@5 foks Rﬁﬁ%@ﬁﬁm@lﬂ lefpr the
de&hGM?éﬁeledﬂo%&m@ﬂ@eﬁ&?@ﬁ?ﬂ%&ﬁ Ipﬁﬁﬁhg?‘@ig & QVebQ)f |s§l5§i’x%f:e This is
dth or l'ength offering additional capacity f

bma@almﬁ the neq@frememtsfor theamaderzal yabé m’oustlfor printirgt xat milhlpulable

R R o PR RS aCiatmit Bpvible gpanfiy ofsensors

tPrepi&ftRE pRdess l’ébﬂﬂidiiaﬂl‘ly QiablehSutiRtreReAD nhaMablutie Bn a&szh@ Eoating
to entering carbon print station 103, substrate

applied;tp enRar bash sidpwterimpreysi ink adhdasion. Pobiestesis weﬁmﬁ mﬁgenal
bg&%se 1? B%%?%a?lsﬁetoh%( A‘tse? r\éite‘gf r{‘%‘lﬂgﬁéﬂ’?‘% aa?:ﬁ?%lsﬁc;ns Wl de & ng the web

stgnificant tension subs
pﬁ)@@ss@ébﬁﬂir@ﬁﬁ dige preseintinvedtione 'Whilepolyebt&tand ihdued (Méliri&g are the
e web printing process ere tenperatures of

SrRdemateniels dheperaodinentad dicoinyeniion; e pegoRpthermpfsrialy can be
eﬂ@sz?g@g %Qﬁ&g L1EFH 48R %%%écnpﬂon provided herein. Indeed, amongst

other things, variations in material thickness, width 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
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encountered. Typically the tension used has been
mnimal, just to sufficient to drive the web through
wo beslogaber. However, it has been found that deGSPGB2003/004694

this heat stabilization process, variations in
registration fromprint step to print step can occur
causi ng sensor failure. Thus, a preconditioning step

has been introduced i mediately prior to printing. As
mﬁll be explained hereinafter, in the preconditioning

er{cg e at J 1cE1 % ?hettgﬁo‘chul?ség 51% ﬁgr Jainith ﬂle st tto%uﬁicient to drive the

whiethpugh! the Bedtér. Hooeudt] Rihas besni fognd that ddspciteﬂuqdnean sthbidization
steps. In one preferred enbhodi nent the substrate is

DPIaFess, wﬂcwe%&%@ﬁen&?m YR BnA 56 AR q@eﬂry‘ausmg sensor
faﬂ#{e’ }gﬂu tp?eoghcﬁﬁg g%feﬁrﬂaﬂ Hodtt l?ﬁ'()dlic%g SBfheliftdiPbSor tg printing. As

ation of preconditioning
will beéxppinatiereihafivy] mrthépscondiaoliyg stepl (Reetiort h)ehe substrate is heated

LR o T O b ARESH Sl i
late? ‘ﬁﬁﬁﬁli@ﬁ d. 0 bife pbreieR ThibdliBnetd theuBstfddd isGRQ Qﬁﬁd@:@ kension

ineither unwi nder unit 101 or rewi nder unit 1

(tycally arpindc] 65 )dapag this preagndlfl@nne stgpp Indeedm this embodlment the

Spl.i ci ng Fl at ck Pape ape from.ln ertan Pal
oo g g O be TRE Bl el R AR B BREy el
viREoh®h ﬂmﬂ@éklﬁﬁtﬁbh ahd ﬁnﬁﬁ)véd e Resultbt Prodi@t pirem: eﬁa?one
according to one_enbaodi nent of the present-invention.

embodimgotat theinvestian, Fajls of splstiale mvarﬁ slicedh ipgethpon either unwinder

mﬁ? of%ﬁ%% r s? %%’}p I c%gram g! té@é an i ]?)lg?’g?npig’cﬁng Splicing Flat-

bak@Rupet Baperfral Batedtapeofyiner GAppsection 2 is pre-
conditioning Station 102. Pre-conditioning Station 102
i ncludes first cleaning unit 204, second splice unit
205 whigg By b YRl is @lskienhatic iRl erbtd Sidpictin 9&&1@ RiaRd 58LHoRM of a web
206, sec%1 1ear?| ng Snl ngO?épllcoa% cel n ZOSS 0rs orawe
ppnting procdsk e«r:coﬁtiﬁg tof oresmlghdinentrod ttlh@re@nomamntldn rIstFlgure 2A,

sqefipgd o PG Al IR O R er A ptr g, soond

ai®br 20 0 Fir&spIT Wit 202Makd first hévohiaiesy 293t GiEiduge DR selon 2 is pre-
which'is used to facilitate the continuous novement

coriditirteg Piatien 200 Erﬁtceném@nmr$dattqnolrﬂ2ngclgd%tﬁr®trplq@zlg unit 204,
f i .
sS38 b= hRP S wPRRGH FRLE Db 05 b cleaning

uhif W)’I]doﬁ éwlrzozpﬁrst ﬁi@ﬁt&oﬂ&&l@ﬁﬁrsﬂﬂh@é rotlen2 B) & st drier zone 211.
referred to as a mandrel. First unwi nd arbor 200
holds a roll of substrate material 242 and
contin - .
oo o b gy S Bfordfigstalidin Fisurg 24, unwinder unit 101
comwitaf, forleaampie]a MustidEnavistea/Aaibymatadl Splioe whidhsis msddeto facilitate

242, whi ch al I
t}}e(ﬂoptualfc;u% mc;v%m%gg g&%ﬁétgat &XZ mfo Il)r%—ec%nﬁlgloglj?lg s%%gn 12)2 tupl era

tension of approximately 8ON. 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



substrate 242 fromfirst unwi nd arbor 200 ensuring a

sem -conti nuous supply of substrate 11 WO 2004/ 040290
WOEMAGBRO03/ 004694 242. This continuous pr oceBGT/GB2003/004694

repeats fromfirst unwi nd arbor 200 to second unw nd

arbor 201. A substrate material accunul ator 203

stores a predeterm ned | ength of substrate 242 and

di spenses the stored substrate 242 into

pre-conditioning station 102 of section 2 while the

i.ci ng. operation tak I in.first ice unit .
24 B AR E R P Carae 2t e ik B AR o §Eedishawind arbor
20208 sabitratnaRHaldboinmelabir20B sids ApredatmiineRhyth.of Bhlsstrate 242
splice created is a butt splice with a I ength of

and disperses thsstarad sibstrate 242 detogre-corditiepiag ptationy] 04 plesection 2 while

b 3 .
td e 4ot A Black B HISE SN dnlehon BRBARETRh e tosfiRe firt
unbi®l arbpt 2@Eandrecaid uitwihd drbar DOT a2Geativnary) citmrglicneeated is a butt
oot et St i ge eG4 S5 iy B1B6 B o Ser
eng\rﬁg %ﬁ%aﬁga%ﬁ&&ﬁna?éiﬁlmﬁ g@gﬁ'ﬁt@d %%dgra&%ﬁw HS RS AL Gthef&de of the

ing as 1t | eing fed into first splice
splice. tFi Bnwihdprbal 200 ant eecvad omenddrboh201i invludes web edge guides

npp ey which R E T indp BRY piize vl 200 g Be WY sbides are
adapiald tPHRy &R RISHRD 42066 v KRS isHeRTY fd Bito iRl splideaunit 202.

nunber  of rolls to be used is not usually a problem
However, for the two enzyne print stations, to which

alimted nt _of.ink.s. suppli.

ol 5 ToPISATY omReine VeSS HRRp iF o b 16 pREE b 2 and 10
anl MR8 dsidlls Guolb of slfstratelat Sny Gndimel TR thode beintiess icbenected to a

anount of ink placed on the_screen prior to start _of

coptiuqys isppnlH g1 jiwke teguimben pf rolls dovhe usedds nef usualby 3 proglem. dlowever,
r t ' t - ¥l '
B P 3 G A LS LA Sl SO b
offpollgntoi begnsedisemdimpoftasidaput pasmnietan dndeed Tiusymbdnef enllsytobe used
ink. needs to be.kent i.n readiness.for printing. .
ARG Ao Opfrlaced i Be siveiiraies gh spEtol e Wintineioggpess. For
exdm gf‘eni%i/ 7% BN Stin, [6"®r Y4AR: Eléét ifoRe Bfan 6 SolRMWdHh 6tdhzye W Are placed

been pl aced about the screen in the enzynme print ]
orstheséroerspiiar te tlsastart pfiptintingsinfeh¢heofsctianshand Gf Thayszthamenzyme ink

i nk_ga e added to the. scree i, t.hout .requiring the
el ol hent B St O RinR g R e PRl Sl shffggen
prifi@gloff ShzyPhe SWL IRIWNOTE LifF 1Y pribd R AGvdilgisheteflacédUbout the
ont0 the 'web substrate running belowit.) In one

sceqeh diaithepenzyote nriné sigtiensietensyre dhat p sntticiamb amaanbobepzyme ink can
behz%dgd Pont?lg 'seiBen without requiring the screen to be topped up during a run 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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tensi on of approximately 165N t hr oughout the process

in order to nmaintain registration of the four |ayers
w0 2004200 nt ed (typically the print registratiPCI/GB2003/004694

tolerance is 300m. The substrate 242 is also

subj ected to various tenperatures of 140C or less in

order to dry the printed inks during each printing

step. Due to this tension and tenperature, there may

be a 12 WD 2004/ 040290 PCT/ GB2003/ 004694 tendency

for t ret 3 '
B A L
out€lgé therragisteationablerawe. dnddaddhe thhidesiievagatici frem print stage to print

variation fromprint stage to print_ stage and prini.
staggrAod Prif Ty oGt B %évﬁg%ﬁswmhupﬁﬂwmﬁé%%?#a Wagpredictable and

4 d bORii&.gt abl e and  hi gher than coul d be
h%%%@%%%%ﬁ& V% tﬁéeenbodinent of the invention

illustrated in Figure 2A, section 2 is a pre-

S A T e
corldRidnif Ratish?l 025 PRE-BokdRGhihE BB&Hs b&fofcayGRatdR pifildddnto the

of expansion and stretch wthin subsequent sections
subbtrath.e Sulesitrate 2008 praaeanditionsd torediee thsemoupt eftexpensien a1d stretch
pbstrate 242.thr h sections._ 3- Pr. I 1100
wRRb B i G 0608 Sogallo )RR AR S ubstrae
240ihedhgh Sedtitins 8X6: PeétaditioningStAioban bed tsulytiaid 249t t6 @Semperature,

g%chally thi s takes place under tension of between
whish igmet exgeydedin thesybiegnsnt priat Hensd Tysslly thesfakesplageynder

5 Ot SOEPS)BRCIR G EOATR B K. P92, G

ure suftficient fo
erhbgdiment pre-condiciveingistition 402 etrcheat subsiratel¥l tak eerdgi@ature sufficient
TS HerBHES LIAAGH A SHOSHE 147 B9 GRAOTa I WhiE under ension

assé&ériﬁegta%obé_ heated to approximately 160C in the

preconditioning zone 211, which is illustrated in nore

detail in Figure 11. As explained above, in one

enbodi pent of .t he esent i nventjon e.te rature .

o whi O one Bpepinelt SE58 i HGH b PeslE 1 B 6 sl fyimately
166°atih @ grédordtididig #6e 201, WiicR esiisthited MOmo e sRGHPidure 11. As

processi ng of substrate 242, including subsequent .
explginedjaovepis. onsgbedinsit of theipreseptipe sthedgrperature to which
<RFRE B2 h FcS by L88Tp FRBEEL, et e
suisaddettprbOcsig dflebgirate242), tieludlingsubkéqubid dtylngrstgeps. Subsequent

stencil screen size gty ically 750min the direiﬁion
PRt RIPGRSEAS 1oAY GOHRPSREns | OI‘Fﬁ‘éSILﬁh&ViI%IEWG Aagito stretching caused by

the process of pre-conditioning station 102 by the provision of a slightly larger stencil

screen size (typically 750um 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. Tt 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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screens can be problematical. O her paraneters can
therefore be varied at each print station to

w@emenmngat e a variation in inmage size w t houtPCT/GB2003/004694
repl acing the screen, such as the relative speed of
the screen and the web. Nevertheless, thereis alimt
to the anmobunt of inmage size variation that can be
accomodated. It is therefore preferable to
precondition the substrate as described herein
reduci ng otxlg%nﬁ)\éﬁﬁﬁédt of %&)ges%hlzﬁv&ﬁﬁ)r eﬁl%-eco%ﬁ‘iilfr OUEH 102 also
the varration 1n zent

111’2:11&1&{; addiffal B@H@Z%&ﬁﬁ%ﬁ% fuhationsewigioh Gdilitaietpréfer operation of

ent .invention, pre-conditioning station 102
egdn%’%?‘i‘j‘&}é@ RIGERSE peroading F‘éﬁ’érﬁ%senmf’%lﬁloae R Brengonditioning unit
162' Medek %oméﬁae&ﬁﬁ% Lhitah %éﬁrc%& il ?ﬁnﬁrﬁ)ﬁ' and a%teconﬂ I&Ring unit

manuf act uri ng process accor present
20'hwéivhi dean the topraademddiside o sdg;;stmtu 242. @t cledenguait 204 and second

cleBad B 207 256 il Hiieive Seareliiers BraimAve MatifuFon fram substrate
24MER6StoGRy PhinSHP Sep. aFﬁst?c‘ﬂt?am@ Uit 209 rﬁ@;nbé‘ For¥ainptd4 cleaner

and second cleanin nit 207 use tacky adhesive
cemmeesialbvadpble fign gﬁMWf}b&G}Em& masisl ﬁmmmréﬁbﬁl’ﬂa@ aén Glasgow,

U%\é%d El{l/é%{())rﬁ O§e%8>{% %rrp écl 3@?,3‘855%,&1% ¢l anl n?crrg}mermally available

franell dlaek € Pfo- mndﬁﬁ%matﬁxemmmﬂmaaheﬁﬁn&ﬁfd MPRITRP006 and a
In G asgow, United Kingdom Second cleaning unit 207,

lgag rce’é %9 h@ouad mpéaH@rrZ ﬁ#ﬁqdctpé;pntyolatbatqnal@n ef sybsizate 242

Inhopnd nipl mﬂem is hnkabdata@onﬁmlt syslent (et ﬂﬁmﬁ) &nlo@ﬂ cell 208.
ubst r he .t ensj on bet ween

f
Sp fn%f X %é%%%‘fq S %5'6%0'003 “%H‘E‘%B‘&‘P’hf tatiog 10gm é"rCUQBé)at a constant
rdtabpum@oﬁﬁ ?%11&*23%0‘10%& cbli pset secaoﬁz%géa% Lﬂéxéﬁsﬁm

&ﬁot shown) cell 208. Substrate i's reane
sy tmﬁe%a oﬁwnehlﬁymm'lm thnougbtthe W@h pi®@8sd avcedirtyg torthéprasenh

Bt oo 31 206 RS sBptflin Bracs o cong feffasion ata

p&dé‘teﬂhﬁi@d sét pofntMAViypltal SUbSl& tdndRne R WilbAh@RFacturing process
accordi n@et o the present _invention. |nbound nip

agegrding toplhs parsprisnvention wwddbe approFicnately d5@Sin FHIN atbmore
sée%@ié:'taﬁg 186N % 196§ qﬁttfﬁg @]n%gﬁl n’?‘e% P{%q?ns'ion Bﬁ(t%élé%agelyl 65N.

tension’in a we
accordlng to the present |nvent|on mould be
appr oxi_rat el 150 to 180N and npre specifically 160N
t gpno 184S jorfipgramyflepicling ﬁ@ﬁ%@@ section % and section 5 of

a %Rb 'ﬁ%{iﬂ'gbﬁ;c\éésea%%rdmg to the present 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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Figure 2B is a schematic diagram depicting section 3,

section 4 and section 5 of a web printing process
wa@emendi2og to the present invention. In Fi gur eP@BGB2003/004694

section 3 is carbon print station 103. Prior to

printing (a cleaning systemis installed (avail able

from Meech), which cleans the top side (print side)

and undersi de of the substrate using a vacuum and

brush systen1 the top brush and vacuum station 251 and

ot t om br.ush,,a culm st n 0
213 iR Bkt 4 HEE M eBler o s el Given & 216750 Brier some

2190l 36dcnd chitlca bR ABE Th theagibvidahent I ter 1nf1€91t1bh ¢llustrated in Figure
chilled roller 212 and accunul ator 213 an i s

2B, |seefiontd 15 dpsulptiop peinp gatien K4 dpsylationapryy ﬁtaﬁpn APi* Hgffudf:ﬁ third

b
D ALEA oD bR RS 2T e BHLORBIIECTa1, SUBhA st isor 222,
firpr ¥ registelition apstan (nutnshbwh@ﬁt poSHion@3 7Ar thitd drivetrolber 226 3nd second
includes, first c Iled r r 212, se nd. .ac ator
drigh 7085 Stio AP GH56 ABRSHeR G BT SHGHE PPl §atiog Ll it reyme

pr[t@ Isiaﬁ{)n @éﬁmcfdd’é foutihSrRedSB8 &2 52ﬁﬁnh%%§lﬁﬂl§ia@[' Y6, fourth print
216, first drier zone 17 and second chilled

rotlcxi 22é’|; ﬂmﬁa}lsmm seriser &ﬁg@@nomréﬁff registratien $ystesntat 331/B (not shown),
ilJuystra ur tion 4 is insulation
foB@H{xv%{ glt%fg‘lr)\&ﬂfiél&“ mra?’? ﬁ%prl nt station 104
includes third chilled roller 219, third accunul at or

220, third print roller 221, second vision sensor 222,
first np @grcgwa@pordmstyéh@mew%mvgnm pediongofithe web

oL L A S ERRE O,
a@l’e’ﬂdt@ﬂb}l%se Hiill & inahe mEthe pumbér aﬁﬂajlpewfplzﬁhﬁng pedogsies can be

fourth chilled roller 225, fourth accumul ator. 226,
varisd mithopt departingdrom thetpyention;ip éfs breadey cepElo Fopexample, two

TR DALY L0 Y18 40 OB,

silvedsibs cldodde thkrg gohi d)rrmllpdiamebwed mke ntaly e us@b@tpr(mde an
of t.h

elﬁqqqu ‘Ifqy\g??]a na{]eﬁ{rg Iéi%@gﬁg gﬁ%élgssq;\?\%{]q%ragg %gargentqayers may also
bRRTe8 G BHeRSohobifion eoraléﬂ ofl Rfodiflort, e cltfeks off APosiUBR 8hd layout as
and type of printing processes can be varied w thout

welk pamtqthg plrasaaters @pparorirto those slalled in 1b¢ od deom theembediments

AR RIh Oy 4on SR BMARE AR REALL BN B8 )
mhfN@trediih ‘d&ford?dihb@ kithehé pres@it nmhﬁommap ak pafied miligimgdereen-
i nks may be used to provide an _electrode |ayer in _the

prénting: T busifs composishis of she cpplon priy siatipn h0harg iMestigiedtin Figures 6
ard® %%aﬁ?éﬁla?,l @ Shitable 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 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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be varied in their conposition, order of deposition,

t hi ckness of deposition and |ayout as well as in
wW@rhen4@ar anet ers apparent to those skilled i nPE€TIEBa0B/004694

fromthe enbodi nents described herein. In section 3,

the carbon artwork for the el ectrochem cal sensors

manuf actured in accordance with the present invention

may be printed utilizing screen- printing. The basic

conmponents of the carbon print station 103 are

| e
at Stiul-: ?t%%|ogh'g’?ﬁdl}q r@)g&ﬁd gl’r?]e %8%%? t{l@ sc{ﬂ%ééee&)lﬂls}ﬁﬁg 1 ink through the
micsly @Bhdilon i ncl udes a screen 301 | ower print roller

303, print roller 600, a flood bl ade 603, a squeegee

hol der 605 and a squeegee 606. In carbon print

statio e

214, Sapaaodibilpriae Hecidph FiRF B prilhtThydrbich Horeon 301 i
chargedowith ykc@4dyyi imeeing sqlmgeaﬁ(i&a lﬁlgedi blatle 603, grintelker 600, and lower

negap.i of he _.ar t.wor red. Carpon ink.is applie
PR oHE iR 08 MR G osROa A 5 PR TSRl substrae

24 §cr§érﬁ§ﬁ 1ts %vfeh 3 s&ebh& BtediRN, d@? oﬂﬁé&t’éq@ B tﬁrga{dn%OS of
out of | at shape by the weight of the ink (this is

S@beiel?éfl Ifqr the fleod oycle mdeesrink 684 prdbatged oefpsscraen 3@hi ch
all of the ink to be used during the entire print run
is usually deposited on the screen 15 WD 2004/ 040290

PCT/ GB20Q3ubs4084 paint E¥ide pilodéds iR hedofdinBé ivith thdprksedb thvention, as
the pressure fromthe s 1}reeg e pushlng t he i nk through

ilusratedins Riggreeh sAveespnoep thioggle the scrgen 301 and onto

RSP b BT LI gt e o
alkxl haher pABE roflet 303 atlbrlnbeds inad@Bondadickctione07 whichiis opisiteto the web

303, in first direction 608 which correspaonds to_the
BrRRA R FbETal 242 Srsroca D] ipmevedsi st iz aon G0 bish Gorresponds

tofhe WD HbveRtdht O suBOfat® g@@ﬁ ritfie {,&tferya% Hid ﬁ&téoag Oﬁgﬁed through

of substrate 242 for t ere 1nk
s@ber HHdandrieposited earsubddate 242. aTlsubisaqg] éretprint cydle theclemeen 301

n_accor.danc h ent i nvention
R PLE Pt TrCeErgdr oL aEyBar B 8umY O Erupgitiy e same speed
a$r stibtaug The Be&EIGER sdbktariatly 9t Qher?étl}éstt LRh&uohAR use it is
During the print cycle, the sg eegee 6 fl ood bl ade

pedrd bprrthemqup@gqeé% sowards theave pmprg alwghﬂy) flistorted @3 this happens

SRR Ao b AOBIE G, e

sérédézﬁSO 1dhél€ﬁioN6§hn&H8 opusitl dizedtionsy ﬂ’ﬁﬂsﬁtbstia@e adie 1swen>aded with ink
enent of substrate 242 faor the print cycle whe
6{)41 Reaéy) forithe pexd pEgt e¥ple ulyien the ink is loaded onto the screen 301 the weight

of the ink may ever so slightly bend the screen. The screen 301 is at an angle to the
direction of travel 608 of the web as it leaves the 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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screen 301 and deposited on substrate 242. Thus during

the print cycle the screen 301 noves in the sane
wa@looeosi20n as the web substrate at the sane orPUBEGH2003/004694

nearly the sanme speed as the substrate. The screen

301 is substantially flat when at rest although in use

it is pushed by the squeegee 606 towards the web

becom ng slightly distorted as this happens and

substantially returning to it's original shape once

the squeegee 606 is renoved. The screen 301 then

noves in the opposite direction to the substrate as it

is rel oagRetioMdrhini dalbonGRtht kaaely 163 thd AR iR §udstiBA isY carbon ink. An

cycl e. en the ink is | oaded onto the screen 301 the

eyenpiRof a spitablecarban inkys &) orthskerginibglad.y Indhig epthediment of the
oBEETeaRORREAI0 A Sy BRhtor  bllfsanesmg oo o

transfat the irdk 60enthroligh shesscreengadwento subkteat@ 4. eThdprinted carbon artwork

typically around 10 to 30 degrees and _nore . o 1
ds%@t??? P Syhsirater-dd atithes dited paibs) for exammlc dot pinRt 144 € litgcted onto
_ ! . ot ]
TS LBl oSy 4 Lyl SREAR R e it i
zend?d ¥ rabich aniffustratetinepgrealctlgh Figwel2en t o squeegee
di stance, squeegee to print roller position, snap
di stance, rel ative speeds of substrate and screen and

S egee. pressure can all be used to contraql and .
Sagiﬁﬁﬁ% of Aee ipgathop Rt Pation ingde.diut isgiet dimited to, carbon with
nfiIfe SAABRY, sACEATReAHIGY hdith i
printing rre’g ﬂanl?sz mellacs %%é %Iagg)éi g‘%ﬁggg@mr e g g%eg%l()ﬁ%&% printable
inkssued US patent 4, 245,554 which is incorporated by
reference herein. 16 WO 2004/ 040290 PCT/ GB2003/ 004694

I'n particular, in carbon print station 103, the ink in

quest i OR dne efhboRYR of tHe-pré¥ent iB¥&HHIBh Spriir 18 iRl Rinting process
carbon ink is set forth herein below. In this

aptriswaediately after dndng,substeate 24208 passed nyersciinsbehiB@tiroller 212 which is

L A B L
temnpsdttial(erodAd 18P ECRibd fHehl BT BL DI, hfleRoshb&Ement of the
“ggmfub§trate 242 is then dried using, for exanple, ho

Ed . t -
appiacmedrpesss evsorhingto thp prosentineationf agf of fiyst chilled

: y oS ' . o -
oFIE2LS ORI TR AN o G D b propria
teateiepathreiusinig, furrerarhile, Bctorpbhitled mitek ar arusd 79C. CEftdiemperature of
ﬂ%riﬁt stg)tion i1 cl.ude, bﬂ,t iﬁ, ﬂot limted to, carbon

TpHer G Og cPREolsdiy cangellingithe Aoy sate grd/of thedepprratugr,pifhe
R8T H dhilRa W83 NORS BhnfeARMOhIpReRE hdldPbsited i ¥R 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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In one enbodi nent of the present invention, prior to

the carbon printing process and imediately after
waleopimgp29subst rate 242 i s passed over a first PEI/GB2@3/004694

roller 212 which is designed to rapidly coo

substrate 242 to a predetenni ned tenperature,

typically roomtenperature (around 18-21 C and

typically 19.5 C +/- 0.5 C. In one enbodi nent of the

web manufacturing process according to the present

appr oxt ey o8 Ao tempefaire 5 i e B ol

dﬁﬁﬂh@ﬂlyﬂfy fecdiRk 0pdy Mb&urihg fRaeabeatire 61 m@,chﬂmﬂ roller and

xa factory chilled water at around_7C. _The
réwg&gathg meateslovy iemperturer Othey mpthedsiof chil I%thsyoﬂers can be

I f
offlee bl s tfe] M o o i i e SURTHBL RGO, for example,
cleatiricaliy'powered ebffigahti@duiits. t he printing process,

substrate 242 is passed over second chilled roller

218. Reducing the tenperature of substrate 242 and

mai nt ai RighFoddSad BRRAE ﬁ)tﬂﬁE BredbntSHRIEbARcBdP4 bBthe web
beneficial- because cool er tenperatures reduces the
npnufaeiviing pyocess is mhetripsulgtiorpritiimgdadres plesed i sastjon 4, the insulation

otk o he o ghoimen ot B e in g S ke St e Besent
iPVeRR6is peinted diiNiRingsefefAlpriniML MiliANg h Sedraldy RENRFdeR Plle basic
because it reduces the anobunt of stretch in substrate

c@mzonqntsonféhwglsmlé@tprspmrettstmn|d|06 loreciffysteaier HEgweed apd 7.

T DB SR it v 1

lcﬁwéityﬂinﬂﬁm&r 303) prihervler 6(1)04 adlootl bldie 60Bj 4 $idegar! Hobdes 605 and a
control | ed dynam cal|l a feedback | oop neasurin
squseLeehive rlatrtﬁutaﬁen ptlﬁéstetmrt 1 Qg pyigh oller %mﬁs ﬂatstﬁrtr&rgtlfttgnl-
the water flow tenperature. O her nethods of chilling
the rollers can be envisaged by those skilled in the
art f r dim a fiewdenyblediroeess m azl:esttclailctmewﬁtlhﬂrequeﬁenf invention, screen 301 is

ofp b ISR e SaRREs ik dRpd bATE Ahb G aule gl md o

pﬁnﬁoll&f‘ﬁ)?“’ﬁpﬁrsﬂ&'@é&l%ﬁ%% hHEcHE RS ]?&td‘s fo tﬂéﬁﬁ&) movement of substrate
i nsul ation printing takes place. 1n section 4, the

2#hsBeraen I isamavied ik sdcond dhvectivndOf oppossiei te dirst slangstioms608 of

SR 45 e 1305 7 SARRSRRIDI i (B ER R oregy M 01

generally flat screen. The basic conponents of the

insulation print station 104 are illustrated in
Fi gur eslng syhspqprent|pgint 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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particular, a suitable print station according to the
present invention includes a screen 301, |ower print
WO 20040402803, print roller 600, a flood bl ade 6B3I/G&2003/004694

squeegee hol der 605 and a squeegee 606. In insulation
print station 104, print roller 600 is third print

roller 221. In a flood cycle process in accordance

with the present invention, screen 301 is charged

with ink 604 by noving squeegee 606, flood bl ade 603,

print roller and | ower teint.roller 30 j

Pl dRmsSepiiiessgotneditie, s Rl uiie cheppay s soreen bas
coRYEPRNGS & motidibihidh &s indHE santediestion @Ad kSapPrRos@Rlately the same

second direction 607 opposite to first direction 608

speed gy thersphgteate [Dyriepllyrin €aeh ofdhe prje atigne the syistagtially Hat screen is
1Q '
BRI @ AR the pboflu UV BRINERD oA bftecibGh o away
frotnl arpdintateqsition Fadjavent & prisipotedd® i6@igute G0 M ayiag ithekeelative speed
4 through the screen 3Q1 and onto. supstrate 242. .

0 iSH‘gS“iaFF‘e’”‘nﬂrtgﬁcrﬁiﬂc‘faé‘Ps{ él@@fé@@%@%ﬁ?ﬁ&%ﬁ& Bregtign of travel
oPR3 sutNidafd i £.9hd &C4iRHon. @and lower print roller 303 all

move in sécond direction 607 which is opposite to the

web novenent of substrate 242. Screen 301 is noved in

first directiqon 608 i.ch corresponds ..to. the.web .

v et eFencl] eps par st sadtit (if BB Sationd pi g rapsists of a
rdsTienfi) defoPmbie PEHedtby SHUede! niesh Sedichtdnd RfladlR@ @54 HEM B4ine. One

substrate 242. One enbodi nent of the screen printing

embedimentwics 8 pabissier saeen; suppliaddydeEKi Ma¢hingry sWepmpgh, UK. The

o3 Boatt A0 BT A B bl SR BO AL R R Y 6% Ri-A GG ve the
sdreatais legpdsedto & UNVeRght ROt deelofed anidrd sotthat@hécoating dries on the

generally flat_ screen has_a conponent_of its notion L
seApsTEl tpan ppegdiveof the desiret abworkdmaseat Wathdhe sidpieenyeeges, ink is

t : Tvni in.: .
PRE 8 PSR ' I RS Al WOl GRABAF e s
 famedbydleink oarthyé subsitateh Thefiame fjovides haeans bfmoattingthe mesh,
oL S eiine e dEEA TIPBFY BY TEotBReaBisss Hiftaiap tortion and
wHRIs¥AnAthot thE ad BtiGilal Y&cw&ceahuﬁﬁgpgﬂ@@r ate and the

screen varies the size of the printed image in the
direction of travel of the substrate, i.e. the

X- di [ . Ih j | o ' h of. the . .
it - S eisninEhtoy niigh SR8t PG e nf B yRlio {5im insutation
intef A edahsle BOA MEBLRIinQlatidnEak i9R$ forfd Kepdif Bedwanth this embodiment

attached to a rigid frame, One ) )
of the current invention, screen 301 is flooded with ink 604 prior to using squeegee 606 to

transfer ink 604 through the screen and onto substrate 242. The printed insulation 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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enbodi nent uses a pol yester screen supplied by DEK
Machi nery, Weynouth, UK. The nesh is coated with a W
w@emgisi2ve coating and in conjunction with a fPCTGB2003/004694
positive the screen is exposed to a UV |ight source,
devel oped and dried so that the coating dries on the
screen to forma negative of the desired artwork
imge. Wth the aid of a squeegee, ink is passed
t hrough the open areas of the stencil and onto the
R s S bl oo st Slfed IR st AT lriiBo .
FwﬂtﬂmMDregdlffﬂfentrhyhl;s or dtfﬁermttob@drﬁaﬂ]iay@s tchebé aded @S provide a different
tret hed mesh with ninimumdistortion
Yl%‘ig'ﬁﬁq ee’afofdwtﬂ&‘ﬁlap iy Becdectgelsmiedl gensors produced
durl ng printing. In particular, in insulation print
station 104, the ink in questlon is an insulation
i nk. Adnene ﬁmbedmfenaoﬁihc peiskn inventibatbefore iekinidatioat printing

K oS REL s o BRR0 Felh snd

inslati¢h Wﬁwﬁﬁ)aﬁﬂﬁ dver thirdaRafedrolldHo 10 Yhidis g édl'}% r%pldly cool
d;creen and onto substrate 242. The printed instlati

PEdte PR2 te prodptcaringd t@mmam@ttﬁplzmlw foom tempentire (hround 17-21 °C

Bl 8 2 0o L Pl B8 o

acgordimgoltheksait ifientios ahshrfhice &mpeair o’tf@lfe thi‘i’ﬂ 'cﬁﬂ'leh $oller is

illustr q _jn_nor gtail in Figure 13. An exanple of
apgrcggqnpeg& i dq ik chillgderofler 3199navibs enolgsk toran appraptiate témperature

t
sl % RIS oty RAHIRH 3555 3y BOERY T COR Ml P PR e of
sumnﬂ‘bath Z@ythbmpumumagehb temperatire 06 El,;,bstrﬁle 24P Iist meE01a1 because cooler
enbo nt i insul ation artwark is
o BB ey bRt Sk dghaor G ofecse Wheeting hlocks in the
méshl TRGudd\§F dRaC rORers &8 weB Snahudic gfgr Ie%@%d’ ﬁﬁﬁneé {36he present

machi ne) ut|I|2|ng the techniques
inygntien iy ylpe Bengfficiah maasq ib redunés thaymentief sWecR D04LOHRA22A2,

ut il zed S Wi/l e under st ood by
reifel e AR RBRR g b BocgTs ey abEiopeF o7 hoPeicicompensate
foFsuchipeobtane. di f f er ent Iayers or different orders of :
| ayers can be used to provide a different order of
| ayers and therefore different construction in the
el ectr gehsrg-eal one enbadinent of
the pres eﬁmﬂg%vag n(t%?o%rté %Ve? SurEtron 9 ﬁeh‘f’?%g

mepmd@esmmdcesnmwlhab ﬁieyﬁlaf érﬁ!‘ynﬁrpyinﬁﬁg takeDplatat B s@&?on 5, the
|ncIu [cfnt‘fx ar bgn i nsul ati on patterns
368%‘& i 108 CeRip¢: aﬂ? peasprspanufgierrd irsaca@rsla@mwth the
prés@mr 1ﬁ9érﬂio¥1 i6 BRhted utilizing screen-printing and 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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substrate 242 to a predeterm ned tenperature typically
roomtenperature (around 17-21 C and typically 19.5 C
WG-260404B9C) . | n one enbodi ment of the web nmanuP@EGBRI0BH04694
process according to the present invention, the
surface tenperature of the third chilled roller is
approximately 18C. Third chilled roller 219 maybe
cooled to an appropriate tenperature using, for
exanple factory chilled water at around 7C. Reduci ng
te era . Of. i
prip et Sirisiop PR e ordllth R UL cltat DFsubstate
24@ oslneén 30 ERRRS WYL esconé direaiont 607 q@pomno Ifirstyliroétianrl08 of
ying on the screens and. creati b|OCkSII1t£ﬁ
sulmggﬁ: 2421fer thedlogf cyplehege 1k|00 ischiareed qpiascroen
manuf acturing process according to the present
invention is also beneficial because it reduces the )
anmount Inof subkégicatprim cgelb pracasssin adyrdance oiath thg present invention, as

illgsigiseds FiRee ASRFSEct QOR GBS AEO0t o Hrisighand onto
subgirafe P40 gﬁﬁ-@%&ﬁe 9514{ 1d ehe JyfedPcs 666)tfldol beiHei6B, print roller 600,

section manuf act ur i ngégrocess is where
anﬂ IhEWérlprmt radlez $0 a}b mome iim second diseqtion©87 whicksis oppeitedo the web

e g 543 SURHS 000 g 0085 FREARR vt gomsponts

to FHRMPEY @ PVerhEntIT s sBeitelii40l foz ihe @rige cmwherb mmk 6@4 ianpds}md through
nmovabl e general |y flat screen as herein

scrtes 301 depmﬁed)@asws@@tﬁﬁ&%eﬁlng egpbodigent Pf S%fﬁ%%%ntmg
int statio e [ % ted
it BieRPed ol tefiLin Subd U palcht B3 whidifinborporate
1nhﬁﬁﬂ@ﬁﬁ$@ﬂin i nvention |ncludes a screen 301, | ower
print roller 303, print roller 600, a flood bl ade 603,
a squeegee hol der 605 and a squeegee 606. In first

enzyme IIPHI&Eul%\tz ?ﬁ hl £ éﬁ%ﬁa Iﬂ'ﬁﬂt 'Q{atlﬁﬁ h b? th&RR in lqBestioH id 4h enzyme

print ood cycle process in
inkc Aaretampk ofid suithble epryeseink i§ sat dorth emsb@loé?@ n I dlais embodiment

PR T ——
%Q%Iﬂ%l% 904 &b Q&/cel) 48Pdnto Bibstate 22| athe %ﬁﬁtedieﬁzyme

rst direction 608 which corresponds to the we ot 1
artwourkdeposited on ssstratg 242 is firen doied aising 301 ex@mﬂs,\l@a ajr gt 50°C directed

ordp Teisthd S8R5 HE SoBRRRA S iy Sspfedle B E SRR tho third
d5H3688B 00 WhRRhS§ (1RERat3@ in mbre @etaﬁmnsmgue n4. pumi exbropleodfea sultable

rocess i n accor dance with the present _invention, as
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 Ox1dase iozyme Laboratories

Tri-sodium Citrate Fisher Scientific
Citric Acid Fisher Scientific
Poly Vinyl Alcohol Sigma Aldrich
Hydroxyethylcellulose (Nat 250 G) Honeywell and Stein
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illustrated in Figure 7, squeegee 606 transfers ink

604 through the screen 301 and onto substrate 242.
woenostgp2ddhe print cycle, the squeegee 606, fl opdI/GBaWa/004694

603, print roller 600, and lower print roller 303 al

nove in second direction 607 which is opposite to the

web novenent of substrate 242. Screen 301 is noved in

first direction 608 which corresponds to the web

novenent of substrate 242 for the print cycle where

ink 604 is pushed through screen}ﬁgﬁnqngQQgpsited on

substrate 242. One enbodi nent of the screen printing

mechani smis described in nore detSigiaiAldiigls Ghemiggl Co., UK

patent 4,245, 554 whi IS incorporat by refe

Hotaspiym lllfi%‘a%npfeéﬁfeaﬁ, in first en@%iai’ Igpetyponty ;ﬁlg@(

, ks [ N question is an enzygpE/Mefk-Ltdn exanpl e
3}?535%?‘{‘25‘%{“8‘ enzyme ink is set forth herein below. In
t®dbesiénbodi ment  of the current i nkibinendRyersedkldn 301
[ oded with ink 604 prior to j e 606 to
t%&ger the ink 604 through the g@?;@'&]ﬁrgan%gqgﬁto
SARSIWher 242. The printed enzyne BDHWelckdeosi t ed on

substrate 242 is then dried using, for exanple, hot
air at 50C directed onto the printed surface of the

substrate using.t j it N .

e BRI AR ) LR, A bt piing roces

andefnalddidiely Eiteudr@inkdtheAubsnsaipi2e inofudingprintedéarbon mid ihsrlation
use in first enzyne rinteﬁtatio

. | b .
paﬁgmg;igmpd ﬁ*gerrfpm. 15@6 & 23,6 W 319 {%ﬁé&g&%ﬁfgﬁ‘fmldl}’ cool substrate
246%3 %&é%&%r%%%%%ﬂgﬁ?%&aﬁ? b Eempt?fin? (roufdl Y923 €C and

les” Tri-sodiumdGtrate
typicsle19.58¢ et 0.5 7C).. i drrei embadimerfiof Herwdcinamihétindngpiogess

acz:/:agrll gztél Gﬁ%]r%%s_ﬁ% ng%g i(’PAfll %é&%@%\%ﬁyw%il}%%% %pproximately
1 éggg /F'@?éﬁ Ql?:ﬂolgg’ #6884 22 BRI RN oKl el T ardhsirBpridte tenflerature using, for

m ., UK PotaSsi um hexacyanoferrate |11
exsiople fadterytchilled waterl at dround°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
cooled to around 18°C before it encounters the enzyme screen-printing step, the screen

loaded with enzyme ink is humidified during printing. In one embodiment, humidification
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invention, after the insulation printing process and

i mredi ately after drying, the substrate 242, including

printed carbon and insulation patterns, is passed

over fourth chilled roller 225 which is designed to

rapi dly cool substrate 242 to a predeternlned
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ok BEb 1 b A5t S B 5 et e
asneagproachedilic leyzrhepitQefRa, ik teBefalite t&ﬂ?&ﬁﬁ}ﬁ @éﬁérethe size of
for such, problens. Additionally, due to the
thg,Sergen %Hb@ RrPQsHre afdhe sprgameo ithesuaounding (mlmtmdnﬁed dirg In one
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P 8%45@?’9 v “:% {Pf?"&m%é?j &P@@ﬁorﬁﬂderﬂféh%meglueﬁ d@lgfelrhu@rde%ed air
fidwatobesd po4 g@ﬁéwﬁqgnce the screen itself does not
nove within ?he machine, unlike the present

invention. As well as the chilled roll Ierdal | eviati gg
his b th ubstrat.e cooled to aroun
18 ber 3PS T Fhesrnty S el Eie S ACR aHR e the sercen a
orgiriepio thb etaR@T @R print@aslesinké i3 RREHERKI B Korh oJ&H %Tg'léﬂgg gart of

durjng printing. In one enbodi nent, hum d| I cation

weps GrnesllybetersnSEndmatioly weight aore typically around 60 % by weight,
the ink is prone to drying out over the lifetime of the run. This risk can be alleviated by

providing humidification around the screen loaded with enzyme ink. Alternatively 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,
for example between the limits of room temperature and dew point, may therefore be

important for a successful print run. Control of temperature of and/or time passing over
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eRYrid 18k dRRrofl fof fid di@drocRéthRESseasoriiRhtifactlifgiGhiabéstdance with the
Typically the tenperature of the substrate is . ]
poasentrimvention ispriséed wilizingwereearpriding) The pumess ehanphang 2 goatings

the room , However r d so that th
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eggyrgg grir?t%?a%itolrl aﬁ)g, gn%ﬁcﬁfe?%% 1es 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
242. Screen 301 is moved in second direction 607 opposite to first direction 608 of
substrate 242 for the flood cycle where ink 604 is charged onto screen 301.
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for exanple between the |imts of roomtenperature and
dew point, may therefore be inportant for a

waomeesedul print run. Control of tenperature PET/GBE00I004694
time passing over 23 WD 2004/ 040290 PCT/ GB2003/ 004694
chilled rollers 212, 219, 225, and 231 is inportant in
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according to the present invention, section 6 of the
web manufacturing process is where the second enzyne
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roller 303, print roller 600, a flood blade 603, a
sempg @e wcenaping énk 6o imfitst enzymequiyd staii 06 which is dessnided in

nz -pri tation 106, print roller 600 is fifth
%§$%%%@éhng%b%§%. In a flood cycle process in
accordance with the present invention, screen 301 is

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
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
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acgprding togbepriisens doemtion iwillusteatet mrfﬁgu;te,eau rface of t h e
substrate using two separate drying banks within a
fourth drier zone 236, which is illustrated in nore
detail in Figure 15. An exanple of a suitable ink for
use in second enzyne print station 106 is the sane as
t he engrend enzymeduint ptation 596 @ﬁyywblqgrqumousdaxpmﬂer 238,
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cool Substrate 242 to a eterm erature.
ratarhy entbodidmap toller 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
Fig21A. 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

that approximates a rectangle. In one embodiment the Y registration system located at
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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

arbor 241. First rewind arbor 240 holds a roll of substrate material 242 and continuously

27



third Y registration marks 2103, fourth Y registration
mar ks 2104 which are illustrated in Fig 21A In one
wepdvamsazent of the invention, first Y registrap@DGB2003/004694
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Additionally, loss of moisture from the enzyme ink shall lead to the enzyme 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

in that environment. Often a hood can be used to enclose the upper and/or lower side of the
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envi ronnment are illustrated in Flgure 3 whi ch

includes top humd air 300, screen 301, bottom hum d
air 302F1g11m/\?ets qﬁcmnatmﬂmgmet@wﬁpg Beliffeent swaegeeshglgs which

er f 40 strate 2,-and
iR RIS PE7PHRNSYS O 35 R 6 MR e o I saucesee s00
chib Bt ethdfiddatoptihizdWe Hemiﬁbﬁibﬂfh% priat 8R4, IrDart énfb@iihent of the
ensure that the properties of the enzyne ink do not

ipyeatige thegngle ofdhesqueegescan b d & riv- S@mémrqumhlydt{rl t9g? dngrees. Note
t]Hngl?éjC(ﬂl t 51}1{]5 e § l?eeg&d?ow tgtp ?RJSI’I%r NG s tﬁ%?ﬁ.‘ﬂ]}% {g‘)? e%ry squeegee

e prin n part eS|ra
ah@98005003|ty and wat er content of the enzyne ink not
change over tine during the flood and print cycle and
preferably over the life of the print run.. The enzyne

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.

Figure 10 is a schematic diagram depicting a screen snap distance (1000) which

includes substrate 242, print roller 600, lower print roller 303, and screen 301. In one
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ink is approximtely 63% water. A constant water
content ensures that the anmount of ink laid down onto
wo b@4pulgirate 242 is consistent. |If the wat erPCDGB20VB/004694
of the ink changes during the printing process, this
can lead to variations in the enzyne | 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
f. ink | ai . t . 1T wym d
ot BB L inyoilion. TeloR D R A0 S e I FT IS between
seree Hdil ambzgubBtrate R4t Insd prefepred bafbolBnem bNthis fn@entivdl Y& esh snap
85 t %ﬁﬂbrelative hum dity. Top_ humd air 300 and_ .
e SHAORN e bgjapprogynately 9 Ihthe scrser fap; sgimed 000) is set too
[ B
e gl S Al kG LR DB Fr T g subrate
2AA withdumélecient ipuint défiritéeh. alif thet sordeh snapetetting (@060)sis det too low, screen

[ i atel. jacent the enzyme print. stations. The ..
SR St DY B eV tof PEACBlF Sarinh yEHEIG BB dinition.
varied to suit the size and shape of the print

station_and the hum dification requirenents of that
t ype of Figate ldtillusteatespan; explogied vievnof 4 precdralitioning zone 211 which

[+ ; e hood .c ed t l.ose th
SRp AR oA g1, HEBE Pl B o0 el R oo heater ban
1P0Y,/ B ZRIEBAE0A G4k 1 503, €laanSthboliahent fitdiihv&fion] Kot pile 1100

be delivered into the hood directly adjacent the )
copipela theatgprinted siderrd gubsitiofn 342¢ Ha apreferpd gmbedimeat efthisdnvention,
b3t plb 100 B RoRled it TR ol Y MIARR b SppRURLET 1607, 1o
at lembhbdineeniraf/thh &iwentiors |fobt Heatet bank M 0d| seechd hentéritagk 1102, and third
directi rinting) to allaow the squeegee to npve .

hegter 01383%{0% s epg@ﬁl%%?lvﬂsot%é%wme varied to suit the
bRty thpd L | i b

R e Ry Pron PR AN Rk
eseaamntaserbinghe piogessab wouldbe wglerstdrel Hyathpse skalbgslon dind at.

used to provide the neans for humdification of the

web printing environment are also illustrated in

Fi gur e Bigwhi lQl’illuétfa@ésléﬂ%i}Zﬂoﬂ bt oF 2Afirst &9thg RRE 28N which
301, bottom hum d air 302, e Wwth perforations 304,

L P! )
camprigrsseenngichiled raliey 218, seeonyl drévesollgudl & fest dsibobank, 1280A, second
bPSanR hth. : %!]pﬁr ratien i i\t i-oned
dﬁhdernggpﬁkgggggﬁgg asogghégkﬁ %F%%P%ﬂﬁ%g%gér€8ﬁP
eimbgﬂimea't of (86 amntiomrgtmiegbﬁﬂ;el 20036 Ssdohd deibr Bank 120 fm,rrmird drier
[ onscre 301, . Figure iS a_perspective view o
bﬁ‘fﬂbg ad ?W%&%Faﬁﬁ b8 Addowihet gir shvenpsexigsichy M QIC although
tH$ fna§ B€ 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
1103B blows 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.
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Figure 8 is a schematic diagramdepicting 2 different
squeegee angles which includes a substrate 242, print
WO 20040402600, and squeegee 606. The angl e of t hBCT/GB2003/004694
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
schemati ¢ di agram depicting 2 different squeegee
posi t i Pigareil mhstraitmﬁmmkpk)dedr loitw off esthd 2lryipg izome 23 Which

600, | | 303, 606, fjrst
comqegoRh B llghI4b ot 4t batol I 0C gmebtreend firtegl; 1101C.
an Yhbodiiént ﬁﬁizha GERRABR Sirkt Bfer bintt MEo0ROSId de@dihdﬂner%ﬁﬁk 1101C,

squeegee relative to the center of the print rolle
bl@ﬁ@hot‘ﬁheit agpreegmelp 6981¢ aldimugh thif amerba varied 8y W@ﬂlﬂé@tuﬂdﬁfStOOd

g@% %g Epe position of the
?58“1’ ﬁ??ethe definition of
the pri nt area F| gure 10 |s a schematic di agram

depicting a screen snap di stance {1000) whi ch
i ncl udEmb%ﬂmeeWXPMedtW%p ahogtipdryinggone g3 yehich

o Lo B S PR LR .

an%ﬁﬁjbdﬁha{t@ﬁﬂ% H0I0), first dde bahlo $260D didieonddiiatbanki 101D,
screen 301 and substrate 242. In a preferred

@%b@ﬁ FEDDIOXEAEY e Althoigh this mayrbesragigd ag wopldhy understood
0 [ inl f the screen snap

?%”&ﬂﬂ%§ggb; S&ég@?@%%ﬁ ﬁ I gh, sdueegee 606 cannot

suffrcrently deflect screen 301 to transfer i nk 604

onto supstr 242 wth_ sufficiept t defi L, O

T ¢ he Ve B flosglosth erbigiee 160 s GR0 eltnigg wpf g Which
RENacBPbls 160618186 pbigaePRAlcE RID12 IR ER ¥inBb&inidht Hf the

cycle causing insufficient print definition. Figure 11

invéritiont blae pelymer eollsrotidd ocpntagt the tep mdendingl sidoef gstiaing42 and
211 whi f. ' 210, h |
b B SRR e W PR 220 ot e

1102, and third heater bank 1103. In an enbodi nent of

t he i nvention, hot iﬁl ate 1100 contacts the unpr|€$
si de offiguesskatocl 7ENDlusirate yigyyscr ap prsylatiop daerishearpn layer print

B4, s L R0 ool 17
reprevads thendp Eﬁ Fip@re mEEﬂielt@mngﬁtl, F@umm the Hottnin 188.0dhd Figure

second heater hank 1 d
17D the bottom right o? sensor s%xeet 21%2 ”[Ihe marks are not shown on the sensor sheet

E‘

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
insulating line 1701 and solid carbon rectangle 1700. The registration of insulation layer to

carbon layer can be checked manually by an operator or can be checked using second
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heat er bank 1103 bl ow hot air at approximately 160C.
This may be varied to suit the substrate type and/or

wao biogkeeses and/ or any pretreatnent and/ or | at ePCT/GB2003/004694
tenperatures encountered in the process as woul d be
understood by those skilled in 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 thir ri er ban
vigihh Sspe: ThsEAn obf eafodimsBlo et St d it comer of
thé éﬂb%ﬁat@rTﬁﬁch is ¥R parsefahe thithlizatiobatke ataﬁbmhetpnm dun. An
drier bank 1102A, and fourth drier bank 1103A bl o

opltatoraian View dbmﬁpmtsaf}hqﬂ@@%tp AAIBERN ong pratherap BV screen.
Th\éea(}rplefa or ca{l\rf]lgelﬁ  Vsual Pfli'lﬁkgg& %slf%tl&gf?ﬁﬁsﬁgﬁéd ®LattdnidiBing this

rom ein. Figure

initialikfion PrésesSuand xmieedi ddrivg ﬁwmhamdaarfcbhnjpmhtyum)ganzlman make
224 which conprises third. drjve r %Ier 23, first.

whateer adjgsiRentrRnecssen ip Rinedhe FisHietiqn aaccarpen prts into

regl n%ﬁ{dmb GPShoh ?xf’&ﬁagp?é@até@ﬂfa% ﬁle%ébe\ﬁe\p&rﬁ%@&ﬁﬁlsnﬁ% Mexample 4

ment o i nvention, first drier bank
caseraointed arlotmivks didvEEput dvirna of thesubiseatk cardDPBWS andi forwards

urth dri bI ho
fog 3Pl g LAl ST PR B0l PO bt £or s g orpgTg of each
ca?(? areWRALYiSkeQ SorRyirddien of & Kedoh@@nithe dibslapkihcé themubdiite beneath
description herein. 30 WD 2004/ 040290

m@mmmw@gnstmﬁlmﬂm meplaced usthe steb drayels dyprghibg apparatus.

w,of a.third dr
T Syt SRS A sBERSafty Nl GRTRESfial ALY maice
hddlonGhe BRIt Blcathon RgistaicirBalisimaits the dpbatdravanibloninclude,
first drier bank 1200C and second._ drier bank 1101 C,

btmamot Aisnitedit, sereenmnbTeke: 12 hoibl, SAYPEERIPFEENMNS SHRgbROsition
re!?xtve (‘)ﬁ]’s flﬁ@é\%ﬁ ?c?e r})%@ftl%h?:? ijelatmﬁr_th AY eet?jaf '(Hc@ Qhé ﬂe@v@te

SCfI I on herern [ustrates
regldtr@tic Rababey bﬁ\ﬁprn thisfa@d lotHer priy sﬁi@mﬁ@ Oﬂu@ﬁewhns(ﬂ% and 234) the

bR ARGV AT 1T
g{Sﬁp&bQAK&Q%Q%‘MJﬁ lf 3k gttdtﬁ)ﬁl s?&&gits i(ﬁ:g%r@ g)@(‘?&lt}tﬁgﬁ??)gA 237B and
2300 titgimatitsi2d Oiray 2 biet) ve alkavedgo vadelogrebandumaietos and dutomatically
oo 'y heaSbtaflon MSric printing Matks 1766 o’ 05 QR iePhifhires 174 to
20 D can be used for automatic X and Y registration during printing as an alternative 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
stroke gives a relatively longer artwork print along the direction of travel of the substrate
web). Note that Figure 18A represents the top left, Figure 18B the top right, Figure 18C the
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Figure 16 illustrates an expl oded view of a first

cl eaning unit 204 which conprises tacky rollers 1600,
whbkwe/opbymer rollers 1601. I n an enbodi nent oPCT/B82003/004694

i nvention, blue polynmer rollers 1601 contact the top

and bottom side of substrate 242 and transfers

particul ate/foreign material to tacky rollers 1600.

Figures 17A to 17D illustrate views of an insulation

| ayer to carbon layer print for an enbodi ment of the

I .S} ' a
bdt{%{? répres gﬁlrb ts gl%tbg Etgﬁle %fh[t %E:Séggﬁ?re:’lﬂ%% 1t0ﬁ tWIEénngé Msulation
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mgoially hysambaperatec using becond 9Biansensr?dadd by a
rectangul ar carbon line 1703 onto substrate 242. In a
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epbedimgpt of the/ ouesiien Witk ipplopaifgeisiaticiayhenthe prated insylation
{
o6 1 Mot f o B0 Pt hon ik B S o R AR LLBb £ e
insalatioe pahtatdaypbblhpatthardhat @ﬂ‘th«i\carbomei'ﬂ&ensﬁlht&)n screen may be

Sl{"z@{f S M 615 S G st Nt B4t HiEaBI1 Q0 ahrep iy top It
re T35 BR%op ﬁgﬁ‘t{ E%?&%%@)ﬁ@ﬁ 1BR! éé‘urQXQEnche bottom right of

perator or ¢ usi ng secon
SER8@Ahod(196. POknGERR ﬁ@ﬁllaﬁ&ﬂ&gér towagionriayse negistrapiag jis 1mproper at

Y R
iBdatin®find 1701 iahd té18] ¢a#6d RBradkle17160.5 tTak regddtratidf o fdshfation layer to

run. operator can view all four corners of the
casbers layer eandvj cheeked naanaally\by Are pp&Aton uSINg sesoaé Fisionygasor 222.

F1 Fé’s%) [0RD tape éll{‘lgﬁj a(!hli%rafn? %Qé’%{ln%ﬁat% raﬁ%g f {1 grr‘]oicgs% f8rf printing

sulationto car

a pasdaﬁe shew guide Qmiza(ede EigurdrgA)hﬁlnble BEhpies selid Edeorpreciahgle 1700,
and can ke, whatever adjustnents are necess

h‘?lB)Vb mspigtion éecrqalgulaal% 70 Bollaw saRon Fectangls 103, solid Tedtangle from
thre(i‘ﬂ’s s?d(}rer bdoe ba gcgﬁ%@w{‘ﬂe"ﬁa&gx t ihge%l and

Vi ewer conprrsing , I exa camer
upoatetisdbsitatd 242t Optivhalicweh prints cawalsebe usﬁedtdmemg manufacture by
subst.rate .card) views and f rwards . for dis

ay a..
agipmalin RSQIRE Wspertign sysﬁeénq 38 Jispegtiongyst dé seftion 6 (after the
sebBHS eA B SN Sn@ingA%ftration 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
2102, third Y registration marks 2103, and fourth Y registration marks 2104; and X
registration marks 2105. Note that X registration marks 2105 comprises carbon X
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card are only viewed for a fraction of a second on the
di spl ay since the substrate beneath the view ng
W@ 20008290 S constantly being replaced as the we®I/GB2003/004694
travel s through the apparatus. This system enables an
operator to see instantly the effects any adj ustnent
he may make has on the insulation to carbon
regi stration. Adjustnents the operator may make
include, but are not limted to, screen print stroke,

wopBpliena oo R AER B RS P R BB A am pop pooded
vidw oPoreloRt MithinGBRRr bt Y1 GIMRIth alc@ofi X Rigistatib@matleZ107 and
set up on this and other print stations (using vjewers

seQu@ wiew 2add 2003e Figure 3h@ats an expleded ek of e @pvr‘g{thjgﬁensor sheet
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X hfglap 808 @ftirgl9divticoms caBFAX 2giBativrtmak3N07 s ilhgtraed ks Figure

215 anhindotm oyprovgns eweest pavet At Bl S0ke A Rk RO Ih advance
of%ét %tf Elgé%)r%@% légrggyg o 1 91377 OPhis BRWR B dnyBUbLFudnf Ayl are printed

automatic X and Y registration
indelaiiogtopthe sddond pristed hayat (ie tiiatasedhomsulationlapter) rashertthan the
Si marks 2101 to. 2104 _.and 21Q7 and 2108 as would be

cophnadiutto iR sserl Y i e aerand ond SrEares SrpHA b Vork
difRAGHMPIrk WhelPinhOX diteHbE (aléhgd the Weby s thefindi Rvéclariodrk

I nsul ation l"ayer to carbon |ayer for an enbodi nent of
ditieesipmuethe2odiredtioh. i nproper regi strati on when the

insulation artwork is Jlonger in the direction of

printing than the carbon artwork. This may occur even

i f the Acaipisdedansly b\edd @i df SRERD gaides iskRowa IEFiguRe20A-D,
_in this dinension because of the substrate may have .
inghe eaqupees i hichethey prsasiniad: Ak seqigy 3 carben grighttation 103, a solid

ch a I [ : [
oo BiioPhaPR, 150 R yHifta A58 aTbe e ckitbninb 110h, WA
surfvenddibstsold earboveltetanplet 1600hAt seBiigu4 of iSWlatieppasastition 104, a
the top left, Fi 18B the t i ght., Fi 18
reggan g DB TH DR SPOGHR G SO B Fat et g0 and the

rebtad 18 éﬁ%ﬁ)ﬂ e PRBL OMehiititiati8h 18 8286M reph@8tior? kQrreMi€ Bll four
the”1 nsul at

lon layer to carbon |ayer registration is
carngs typécallytthem evidh be nhantoaied sbsimae 342 sloveng Hetsvgps soligt earbon

re%f‘éﬁgl%?gl 8? %g% ge%%épelgr g’g{ﬂtﬁ 5 nlil}:lfg ﬁda}ﬁ %cgcﬂt% ul 5', Af%gc Io%téi J¥nsulation
prifiGtatonalol OMefard AfdHndtd RBtah @& inéatic10@B 170 Pinfedrirectly

be checked manually by an operator using second.
abgveithmsodidregthonzoctangle 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 registered 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)
can be accommodated without adverse effect on print registration (a tolerance of 300pm is

typical in the X direction).
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Figure 19 illustrates a view of an insulation layer to
carbon | ayer for an enbodinent of the invention with
WO propes0 r egi stration when the printed i nsul a€DBB2003/004694
artwork is shorter than that of the carbon print (for
exanpl e, the screen stroke for the insulation print
maybe | onger than that of the carbon, or the
i nsul ation screen may be shorter than that of the
carbon print station) Note that Figure 19A represents
the top left, Figure 19B the top right, Figure 19C
the bottomleft, and Figure 19D the bottomri ght of
sensor Adidestraddh Fighes 1 hhe 2] askd aid onhé ?iﬁ%ésst SubsRat80R2,

er egistration i s |nproper one 0O our
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plfnet@tn Sgitde ﬂmnch tofriuooeh’] the ghrds busquerst a’ﬂlgmd)mputl dfrFanch 108 is a

sef B8 punhd s §R 2R BudeB ThANHIe s tpire 2 A Pradhod A ace cjocted

frdmqnnth €08 660 ractoﬁnez;aeﬁaelt a8 cortRidr béﬂl@ansﬂ&@somte %Qrds under a
substrate 242. ;?tlonally, such prints can al so be

bajeds N@l‘f}ﬂafﬁ i dheRarcasies ongedhecant tyoidenfify whether the card is
adc@ﬁt%%db&rir(\ ?%?ﬁcﬁﬁ% 5 /L 3tk r(]%g ?\C f«'mqgtn S%;is b8 r%f?’? | Bon of

sect er the secon
rejestgidsiardstoan parried oyp Thakhids Qidﬂiéﬂ\&t%keﬁ dnltb Gf S an@irhe@m

i stration system (naot shown) at positions 237A
5@% %’ ¥ %lécwmg%e?ectl on and by a

regi stration control system | ooking at marks 2105 (see
figure 21A) in the "X" direction). Figure 21A is an
exanpl é\t@arbanmnsmucshwg insulatiom pfint Stion 104, Gisk BerydkRint
Y reqi strati.on

Y R I ATTE D O
the e@sﬁahaﬁ ifBetRf )?a@é‘% Aith o RUEs D st¥p (21%%% ﬁr{\%ﬁl&ﬁﬁan?or 215,

mar ks 2104; and r egi s ration marks
sesondaypien ﬁ@tSpbmzwﬂiIr«%vxmcsemonﬁm §@mlcmionrseﬂ§083344‘&spect1vely

N A S, B0 Sl A0 oo
arahV&bX‘{ZSieW@t—:‘ dam&th 8yét&hs RB&ed mblifl aﬁ&ﬁﬁ@ﬁnﬁh&%rogég) &ep. See

ar bon regi stration mark 2107
Flgure S 2%\ SC tgr weg<v1ew%r 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
illustrated 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
through carbon print station 103. There is a leading line and a trailing line as illustrated in

Figure 21A. The carbon print is adjusted until the lines indicate that the print is square to
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second vi ew gui de 2002. Figure 21 Cis an expl oded
view of one row within sensor sheet 2106 wth an
WO pedloa2pon X regi stration mark 2108 and seconPCTGBR003/004694

gui de 2002. Insulation X mark 2108 entirely overcoats
carbon X registration mark 2107 as illustrated in

Figure 21 C and in doing so provides a trigger point

(left hand edge say of mark 2108) in advance of that

of the original carbon mark 2107. This neans that any

subsequent Layers. ar ri nt .0 .relation. -hq -
B SESen BERE AR e BT S0 e
dirk@iear (hloh @ tigendih @ ihei@achiir) bahtheay directibhi(scrosthbevidth of the
useful say if the second and subsequent screen. artwork .
maghinehS¢edrigursr2d Al. ok disection regiairation1s eeqtylisd %é( |ﬂa"n’gﬁ%ég cgisiration
weh) . ~ o oY . D
syl o FHackife. T 26! GEuftch WRiatindlARBIH Oy bR tha C.
Oritie @asbonSprizin oydle 4 Darbby X regiR@#idn maik2 110 ds preufed icdis area. The
whi ch they ar rinted., At, section.3 of carbon print
InSHioR GHRGHE CY e SOFParered P B CHrbet BRiEh BIOEATBSTS i tsg garbon X
re%gtpﬁﬂn%dirﬁ tlZﬁO’f RAIRRAUE BsuBbR 9rebd fbead @D ot ©fprint the

urroun e solid carbon rectangle 1700. At section .
inshlafoniinsinl the comep positiors t Bhd @ubon0X registratigotmearly 2l 8 used for this

insulation line 1701 .is .ptinted.between 0l i e g
Ui Pt s PRy SRR T SRR AT 08 B vitizgd in e
sathé BB RolrB&H) REIRR fith eAAMRORYEEWI00tahd kécdd iefizyme layer 2001

correct at all four corners typically there will be
wittothe iicsubatiod psioh s I direstion regisistipm is doatraled:by & regiskatigpoystem

rectangl e 1700 and a [ | i '
b PRDIeSrihg SCnPREnl 25 29 fha 22T ih ol ipdolfihent of the
in®dniioh Ay Hedn RIR6emet REetrhtivh systea, hectebmgnbaDGEO630 fidmon

l'i nes "19101 printed direct]y _above th? ol i oh carbon,. _.
LeopeldghitheeGerpray. Thig ytilizepdhepranted aicas 2 Hitﬂ %& AgRdicptad in Figure

[ O i je3u . . Qf thbdd Akrks are
e L s St Rk B St
prizcinerdearyiat tROMbsdquentipeint sgagisteraln viaspegors, imthe Y direction. The

Wb hibors o PO R SR ne TaforRRYE Freaftiq in the
ddtdbabd AR t2e6d B t8 @Rkh indivitfual &84 WY 4 Bhradié, fudHeldinbodiment a 2D

printed | ayers can be registered to the second and not
bareodehieuseidr Fypicad infatmeationgpthesed imithe Wehglatabasedd putlingd in Table 3.

t hange i rtwQrk siz n ' .
iR S B BB R B PR ecpac o
UBARSHAIE Gnd barEbLikedtd RYect badS bi s PusisHt whethad the pafanreters were

exanpl e due to the heat and tension_encountered_in_the

ruphing twithisy fhegp telarnce tmyt. Usgecepiablepiipanbetemg e gl future
prgg%gés.se?thg{ ﬁlg&}allg%r Qﬁfoﬁxtati@%_ stration (a tolerance of
mis typical in the [

rection).

Table 3.

S e Testiin

Hot Plate 1 of Drier Bank 1 Drier Bank 1 Drier Bank 1 Drier Bank 1
1 of2 - of 3 of 4 of4

Drier Bank 2 Drier Bank 2 Drier Bank 2 Drier Bank 2 Drier Bank 2
of1 of 2 of3 of 4 of4
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34 WO 2004/ 040290 PCT/ GB2003/004694 As illustrated in

Figures 1 and 2,

at the end of the process,

substrate

wWQ@2@4/040280 udi ng the sensors printed thereon i SPCEGBAVA/004694

by rewi nder unit 107 and is then
whi ch maybe, for exanple,

Punch is a CCD X, Y, Theta,

fed into

punch 108,
a Preco punch which is

| ocated within a low humdity environnent.
Fl oati ng Bol ster

The Preco
Punch.

The Preco Punch registration systemuses a CCD vision
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t omathréssofe Ny

The carde are
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inual  &ehtpact |

AL

'.t i f Ynside Hood
on to

on of Temp

t han
LAY NI

stacked on top of one another in

pr ep@a@ideon

next nH

tep. At car bg

for tdetside
on 103,

n print stati
st dinod#eREY |
—at—statt+on

ing ©Ohideegi

nt Hood %RH

oo 1
Uuo dl 1

i nsul atli

ct ot N
Sttt T Ot 1T U0,

have a jmeans for vig
imredi gtely after tHh

tion 104, fin
enzyme—pf -
ual 'y inspect st r at Qutside
e printing prjoce t ugi ng
first vjsion sensor [215, second vis&gw S | 223lood Temp
STOMm Sensor 228, fourth vision sensor 234,
For each section in the web printing
uring process - Section 3, 4, 5 and 6 - there
Vi ewer canera systens |ocated i medi ately
he printing process step. See Figure's 2A-2C
Web 8pedteb| vi ewer |ocations. There are two caneras at
Sectionl 3 and four caneras each at Section 4, 5 and
6. The web viewer caneras are part of a nmanual set-up
process used_by the Wb nmachi nge oper.at ri t h .
start ofi8YH 22 {5¥ 3 ?ﬁhe?‘l?r ¢ dipgram. ﬁﬁ%arr%’é‘ete‘ﬁ%g{fg%c?n? g’ W‘Z\g\? register
&l fatht Kste %:‘l ' &!Pa?dlgetém répredehBthS 8redtidn Font EHelPlrator to the
}%P*g nEn?@?b substrate 242 aﬁg regi stration between
niaokiné sidle ofitheawebrprinting amdshine|(apinally hprizantah 7 Yaeparageter X
to insulation Layer, .and d enzyne | .
o sty OB PR 1 gt e B 1T b el peggpontal

ThE fiuG RS ZGRprebdhty e dikbetionGlerpentiiatar by thetX add Yrdiotions (typically
second vi ew gui de 2100 is ) ) ]
vertical). The parameter 0 represents the angle around the Z axis. In an embodiment of this

105

Aand
(AR AV]

WebaTesivgb

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.

In one embodiment of the present invention, the output of the web
manufacturing process is cards printed with artwork comprising Carbon, Insulation and
two identical Enzyme layers printed in register with one another to form strips each
containing an electrochemical sensor and associated contact electrodes for detecting

Glucose in a blood sample. The strips are used for self-monitoring of blood glucose in
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used to indicate the carbon print position in relation
to the edge of substrate 242 as it runs through
w@ a00B0#02p0 i Nt station 103. There is a | eadi ng PCTI6Bawd/004694
atrailing line as illustrated in Figure 21A The
carbon print is adjusted until the lines indicate that
the print is square to 35 WO 2004/ 040290
PCT/ GB2003/ 004694 the substrate edge. Registration of
the individually printed |ayers is required in the X

{lﬁ&foh% lf 24208 $:49 cltﬁ‘)ﬁg Bﬂse@ ral E&l iﬁﬁﬁ)g)a?%%evtis}&ge& At present

|rect|on across t
the welr 8 d2digneddodirodct l“Ome ﬂ“egclsUttaf istipsi fsr userihtiod OrelToych Ultra
t he internal stra stem of the nmachine. This
nl?lt?rl"Y}?%lystaﬁéﬂ%]\T‘?gh I?‘%dl cated on Figure 21A B

and C. On the Carbon prl nt cycle a carbon X
registration mark 2107 is printed in this area. The
| nsul atA@nhqmatwtdlmam;saﬂnplelozf theeag’rmrbrpe@ﬂucgd ishis FGawedhA. This

o 54 O G R SRR Hogt ) SH A4, e e

t&ﬁldﬁrsooe‘sm1psnbe1tmd Pri#$ Uhéithﬁﬁhslafd(als@ude@tddOB&%ﬁltm rows 0to 9
osition he carbon X registration mark 2107 used for

(Qqqh of 59 amé)srearalkel tthg dirgetionyfipming dhewprosessiean baeasly extended to

Rl S B BN ERMe [y bk Rl Tt B means tha

aay defeeidvadws nesyittingl feogra krad® kb vitidtiontin @rinngudliay (@Ependlcular to the
print. Y direction rt? : stration is_controll ed

drrég}oéw Prinhrabeidenti iy Kagih yow scallosgted a HBEE?F”E @dentified by a
bareble) 2ad ﬁ?ér%%%}%@ﬁcé’?%g Bohds petific %ngbﬂrﬁfétw&f cahl'i&er be identified

I'nveriti on na tromat re I stration syst
Widﬂefermﬁ‘m@themm dlldmh!nmz&exbwitﬂ&ktdhmnee@do m@agt thél' Whale sheet.

Tgit‘sb‘ll}%’régsseﬁ e,&“g]rélf? &5 eam 1fht§op_rg<21§g§' I %Inggrts %ge whole process
mdre eiddnen, Enzynel and Enzyne2 - these marks are

printed in order that the subsequent print is
regi stered, via sensors, in the Y direction. The

Dat aba formation d rin

It or el POROPAIE rEARARY DBl o8 it trfaecseﬁ‘%k
(h)ﬁtﬂkllcﬁmi eanbinativhisyusdd dh tHeairhtip 8f dlebBdohesital kéhsOREThe use of a
nbodi rent a 2D barcode is used. Typical informatiaon

n@fma‘-al@r% SerRen: ¢r@ opable hstiensaatol of puint flefidton andrshy depgsition of the
tﬂbl?er\{?%r%ﬁf? ﬁé&‘ieﬁ @y el k&?o&gfng aieyeg%&s %ﬁagnc Cé}b ¥€€l (R;?erd rotogravure

process paraneter is Ccepta e an
ot: aylntaler sgech firinting] Aotkrieiyrad $y1ﬁ:a of kireenb(@dihsdiffessheinkst, diameter of

he, par anet er runn within there tol erance
thepig B el b Fo o By S 9VBY) 4 rragilycgmmercially
aRAiRbESPOpE ’wtltﬂ%e SRR FquREmants 8P BiHerd tpes of ink in the continuous

web printing process (carbon, insulation, enzyme).

Because of the arrangement of the flat screen, print roller, substrate and a
squeegee urging the screen towards the substrate, a variety of parameters are available to
be manipulated (screen to substrate angle, squeegee angle, screen to squeegee position,
squeegee to print roller position, snap distance, relative speeds of substrate and screen and

squeegee etc) to optimize the print process for electrochemical sensors.
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Table 3. CCLIFfl ~. ~t i!"HLCi n | ~~L11111 ?
~"CLE~(E [) i (L~t~Hd1TI flI (_~-lti~{"nill
WO bdotiosRod | {~f}/VFU 1 1_'.t)'"'yiH} Hot Pl at erdT/G6B2003/004694
Drier Bank 1 Drier Bank 1 Drier Bank 1 Drier Bank 1 1
of2 of 3 of 4 of4 Drier Bank 2 Drier Bank 2 Drier Bank
2 Drier Bank 2 Drier Bank 2 of 1 of 2 of 3 of 4 of 4
36 WO 2004/ 040290 PCT/ GB2003/004694 Drier Bank 3
Drier Bank 3 Drier Bank 3 Squeegee Squeegee of | of 2
of 3 Pressure Pressyre Drier Bank 4 Dxier nk .
O i o BaRREaize PREt G e SlonB R whe Dxehs £F Binpotyring
189 Rl cABR KRS TSRS d4 Bsstebechids aglit lidisdacd dgamd placed under
Pressure Pressure Tenp Tenp CQutside Qutside Hood %&RH
tepsdoridugng thoprosesse Thetpsintiag siabiors (Fargramplicarin, inspigon, two

Tensy Qn. e i ' e ] [ .
bS5} P et e Sl by e REC IR ) FUIRRS efficienty
thg diiet dtatihbng ?peﬁﬁéag qihehizhrianpdretureé (6@110 degras ¢entigrade).

irection fromthe operatoy to the _nmachi ne side of _ .
Fusthermets 19 ald-ieEi R eh e veb fioeal vaph RERiDE ety ey is placed

Lgr X represents the direction fromunw nd unit

to rewinder unit 107 (typically horizontal). The

paraneter Z represents the direction perpendicular to

the X d Y directi typi.cal | tical)., Th s
b ame 10 sebsalsis 6 P ke draston Wfen b rekisrdtiiywithip the
praBes8RAALERS whkheveh i subStvRsiHRRted FhCexhRipldiyidif the inks after

parameters are used to register the follow ng print
pprtingeths sgbsttateawill stretch unpredictably causing image size variation in subsequent

prints.

The size of the image printed at each print station is determined by several
factors (stencil size, ink viscosity, relative web and stencil/screen speed and substrate
stretch at that point (both reversible and irreversible stretch) etcThe image size variation
(between different printing steps) when looked at the end of the process was found to vary.
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
substrate was heated to around 185 degrees centigrade before being used in the web
process. However, the variation in image size remained a problem, and caused reduced

yields.

The current proposal for the web process is the use of high temperatures in a

first drier or rather preconditioned at a sufficiently high temperature so that in one example,
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for exanple, carbon print station 103, insulation
print station 104, first enzyne print station 105,
wapa4®erond enzyne print station 106. I n one epr@DGBA®AN4694
of the present invention, the output of the web
manuf acturing process is cards printed wth artwork
conprising Carbon, Insulation and two identical
Enzyne |l ayers printed in register with one another to
formstrips each containing an el ectrochem cal sensor
. and soci ated contact el ectrodes for detecti . .
inger LSS SHEHUElEmRoveR P s ybstiie, PHOE i yrpjmage being
praftbd off BRI sLBd4g of bl ood glucose in 37 WD 2004/ 040290
PCT/ GB2003/ 004694 conjunction with a neter.
Producti ons of several designs of strips are

envi saged.. At present .the b {s designed t.0 e

“one Tanei PSSR b e el rdtieck Ao hoR R B substrate
uphd 160 deBRIeS EeMpicade. The B¥idictadiies efidodftekdd 1B SB8 Bubstiafe latér in the
schemat | c_di agram sanpl e of the artwork produced is in
popepsy pizally doRpiexceed 14} degres. one conpl ete printed

card, which contains 10 "Rows" of 50 "Strips". There

are a total of 500 "Strips" per card. Print

or i ent dhifigofe 2K ¢heafliisthdated ibaait thelt thBynprinted sutgtrmeencOutters is the

hojl416. TG asTlBeale e "aHE 116 83 Hsts the SWbsials during motion
of 1RE Wb Phe ﬂéatﬁs it &R (S HEMSERRE %‘” HRGuBAE. AWis i Cfrently

{
anot her. Furthernore this nmeans that any def ective
runnixg at @ sell poimpffleote withsisspesificatimmiofti-o4C. The il 69TC set point

| i i cul to th dj ti f i nt
stgiheallpropidel et gnassBpar gl 156 ety Hirdafc. .
Bbide Abi fit RdntddwRed RAthe 2R} f306f HRAUBIAECat ARREPJihCofl 1G0T with a
fromspecific sheets on the web can | ater be

spegtivation e+ Ch The tadewated mean ih o 128 eblsBankntibot air is introduced

oﬁs?érai[/er]%lags%ggoi}ltootr H%b?)%%%gsp\é@%kﬁm NQ8Y- 4°C. The

elimnated with

t“r‘h??"f‘ﬁ%?%gé\%lgs? usabl'e romthe
cdlElgied snean s TENIBCS I Bankvhhbieniik dtfgivcedrthe &bhi faceof the
The novable substantially flat screen cg&es well with .
sybistrateyaha setgpint ok 160 Cowithaispeification obitfrak oy caledefed mean is
168180 i nting of el ectrochem cal sensors. The use of a
novabl e flat screen can enable better control of print
definition and the deposition of the thicker |ayers

NI T R T S
s%‘tiﬁgrhtgii ?tP%tfzﬁeﬂﬁﬁfsapﬁfox%ﬁﬁt%ﬁm.?M Per @Rt RPEat BRI 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.

In one embodiment of a continuous web manufacturing process according to the
present invention, an electrode layer and at least a first reagent layer are printed on a
continuous substrate by a movable flat screen printing process. More specifically, the
generally flat screen is urged towards the continuous substrate as the passes each printing

position, thereby forcing ink through the screen onto the substrate. The screen then moves

40



thread in the mesh, thread separation, thickness, nesh
count) are readily commercially available to cope
wowaoh/osdeo di fferent requirenents of different PYPEB20B/004694
ink in the continuous web printing process (carbon,
i nsul ation, enzyne). Because of the arrangenent of the
flat screen, print roller, substrate and a squeegee
urging the screen towards the substrate, a variety of
paraneters are available to be mani pul ated (screen to

o P ARG A0 SRR FHERER Sy e

negtlgﬁﬁ €le. rel ati ve speeds of substrate and screen and
squeegeée etc) to optimze the print process for
el ectrochem cal sensors. 38 WO 2004/ 040290
PCT/ GB ?ngér e?égenz%s of:r 1?)855@%5&0{' mg% ﬂfe eéeﬂt i?wgﬁﬁ)n may include

manuf att Uring process’ manu
the faiwing bt cask 08 v, 0 folte(eastbraax ﬂaﬂlﬁﬁm(grstniisrleﬁ)cﬂﬂ)gé are along

AT S G N T
a
T T e v g

onefsfliver, em¢ tngsh)t Aelddtianal printaro s steprexdinding the wiebrdreghto

s RGP e e RSBELPY TG ARG A g osate

TR ﬁﬁ}tbx‘é%s R ee1vRR fon Fﬂe%@l%@n oHIbARE siRfalcOThe dfiRegee angle (relative
substrate has to be kept under tension to contro

torthgiangend OF the substrithatrymting) wee be mads varizhde tel eptimise print
d#ﬁgtnever the substrate is heated for exanple to dry
“nks after printing, the substrate will stretch
unpredi ctably causing image size variation in
subsequent prints. The size of the inmage printed_ at

each pfn ARe embedimeny st the presont Hagnign,slsiiag aipring gyale the screen
mgf’és% ﬁ:lé saftlfirectif as %?s'gta%satt Rl @hdeVdt v e@zﬁ?’ thehsame speed as

encil/screen spee rate Stre
thp substrafeb ot hqureeg@ar hiyeds: the adrder tomwavdsrtbe hlibstrstb raad éndloing so causes ink

K R TIE CT ET —.
sqt 88 \BSpek ‘BHQI@ §c?ee‘1‘1§5 ¥ ueekée ﬁ@ﬁldﬁn RhReb&l 8 Bhﬁt ﬁﬂ'l@r ?6% snap

h expected signifrcantly feducing yield
distaseentaitivespoisof isumntetesind screbe fud esquetegy@p@ssuse gane@llb;erused to

in‘fﬂrt h% ggr?tgél iy %gllﬂ?a‘ﬁggantt (I%ﬁglv%g)gl Xé:og% rtgl(h:g‘éflgag:Q car% (e.g. 10 rows
ofRipsA it OVaSps P WOk, THR screen may be moved in the opposite direction from
the substrate during a flood cycle.

In a method according to the present invention, a variety of parameters are
available to be manipulated (screen to substrate angle, squeegee angle, screen to squeegee
position, squeegee to print roller position, snap distance, relative speeds of substrate and

screen and squeegee etc) to optimize the print process for electrochemical sensors.
It would further be advantageous to develop a method of manufacturing sensor
strips wherein the method copes well with the types of ink (solid/liquid combinations) used in

the printing of electrochemical sensors. It would further be advantageous to develop a method
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be due to excessive and unpredictable stretching (due
to heating and tension) and shrinking of the web
wGaaivsnempbe. The problem of stretch and tensi onPCDEB2000004694

cause the same problens in flat bed printing. To

solve the problemin the web process, pre-shrunk
substrate was tried. The substrate was heated to

around 185 degrees centigrade before being used in the
web process. However, the variation in inmage size

of magﬁﬁng s&ﬁ&%n‘ﬁg‘ Wlﬂaﬁfa‘?:ﬁﬁbg@sq)e&@x%ﬁﬁgl of%rﬁk @e?ﬁmt}_dﬁeand the
current proposal fTor the web process iIs use of
depositiont efitipethivkerr legers of iak nédded in dedt@chanicalaehsers than may be allowed

byﬁ%@é&,@ﬂr’e%g?@e dgigﬁfﬂrat éensi)lil'ggnm o @@gghé{?ea :?rlrtggtelc'lnrlseto%%velop a
m&ﬁ% SERARHARHS Rnsot §tﬁ?§’ %h@rbﬁ' a@aﬁ%@@if%ﬁrakrﬁaters are available to be
substantially renoved Tromthe subStrate, prior to an
manipgaed i opgimize the peet pyeceshior slepsachemisal sensersf i r st
processing station in the web machine, a drier bank
heats the substrate up to 160 degrees centigrade. The
t enper atwillas r@étfgiﬂiﬁéﬂ &£ eqiiyalbMetuBiasds miEbd aibeﬁtuwd fohthe
process typi cal do not exceed 140 degrees

strupigegsdl Tnsiratddeanlidesqribed etsin wishfhat e decr e@?ﬁﬁb?w@at of the

L.
B e
inseihtiohr & addiien, digshouldi terundedstobl ¢hatebery Blvectinesadestibed above has a
introduced to the back face of the suhstrate.. Thjs s ..
fupetianeand;sych stgieHiTR gambe epfergrd (s Amgns ?%@@%mwgﬁ]at function.
specification of +/- 4C. The 160C set point

statistically provided the best dinensional control.
The caVhilegtrefirmed ambodinikd6. Fhe pnwsermlamcnﬁombavedjeen 'slsown and

i ntr e front face r.at
S5 TR LRI SR SR FEER o5 Pt ety BpiiBhis are
proddcdbRwRg ofeRdnple oAl NaftferohdvaBRlibng ch&iged) dndisEbstitutions will
introduced to the front face of the substrate at a

noye ocqyo tnthogst skiligidnhe #rt withpetdepatiagifion Bfe inyentige, Itpheuld be
%@I I d ' Q% %i: ?E§ 4EQ@ . Al . .
un[ ﬁ{sgog)gﬁgggaggg{ﬂlée%zgﬁo n% t%f a% 81&1%?(% ets OS u é%nﬁgé%dnzqes%nbed herein

magbe paphyedin groQcing the u&eﬁﬁ@iﬁl Rtiiciatdndad tHat tHe—foH@vmﬁlﬂmms
calculated nean is_ 160, 70C. As a result of t

defing dheovronpat theénveation aid 'ihéfomeféa § #d shgrcpyresewithi ﬁlée %@Be of these

claims and their equivalents be covered thereby.
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substrate is stretched by approximtely 0. 7nm per
artwork repeat. This was one of the prinmary reasons
wo 0004/08G2b0 zi ng Station 1 as a preconditioni ng POI/GBR@3/004694
stabilize the substrate prior to subsequent printing
stations. The use of Station 1 to precondition the
substrate inproves the stability of Carbon and
I nsul ation Row Length since nuch of the materi al
stretch has been renoved fromthe substrate prior to
CLAIMS| nting. In one enbodi ment of a continuous web
manuf acturing process according to the present
i nvention, an electrode |ayer and at |east a first
WHATdAGIRAIME &3: are printed on a continuous substrate
by a novable flat screen printing process. Mre
specifically, the generally flat screen is urged
t owar e continuous substrate. as the asses_each
L pAjmet gwbo PEeiRFEHDS phele 5%%9 ?@S?]iﬁ? B Fspyting a web
i Q3 e BRYE®S&Ies 44 the
ofam%&#@ﬁgﬁﬁg%ggggﬁﬁ§ GB%%%%/OO4 d% in fﬁgﬁgpposite_ i
substrelicaband @rmore mstsumbmeeeaspnmmg sleetsicalideandpetivoiak gying flat
with ink ready for the next print cycle. Further
screendTUfi88t s of a process according to the present
invention may include the following. Printing each of
rows 0 to 9 (each row containing strips 1 to 50) are

alo(gm@the web with Row O parallel to ane edge of
2. A mgtho onding daignt i W@Clltﬂﬁfﬁﬁ@Sl&@t%lawgép@mte ©R éhq,@@strate ata

i |0:S] ar bon,
pie 4 ot IR e SRR (o oG 2L P
Addltlonal print/process steps extendi ng the web
process to adhesive print/dry, |lamnate rom10ut etc.

3.A I;lfpg‘? ‘i‘r}"g@; &%?@E]Q%E}Wﬁghggﬁéﬁg%g%gt }e/gﬁ? glsnte A on ‘the SubbiSate at a

furthe? Rt ditfoR by Hofeef BHARHER R Gpeht 8k Abink Hat §di’edn|}ﬁ1nt1ng
ngent of "the substrate at printing) mybe nad
varlableto optimse print definition. In one

enbodi ment of the present invention, during a print

o YA L TDNER o3 VR PSR BE i onte

substrafteat SHPpitifitatRiondysites peating §escohd ecageitdak uﬁlﬂg\/ﬂaﬂméd@nntmg
substrate and in doing so causes ink to be

transferred onto the substrate in the desired pattern.
The screen to substrate angle, squeegee angle, screen

5.A ﬁ&h&? %gﬂﬁﬁ%fbocﬁéﬁﬂ 21 o SHHSRLEE a 5&oRH ifulatish 1Bfer is printed on the

position
substrate at one print statlon by screen printing a second insulation ink using flat screen

printing.

6. A method according to claim 5 in which the second insulation ink comprises as adhesive
ink.
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di stance, rel ative speeds of substrate and screen and
squeegee pressure can all be used to inprove /control

w0 b@40eed t ant print definition and consi st enCRCHCBO®S/004694
a card (e.g. 10 rows of strips with 50 strips per
row). The screen may be noved in the opposite
direction from the substrate during a flood cycle. In
a method according to the present invention, a variety

of, paraneters are ayailable to.be manipul ated reen
7. A mepd R CoTHingdO gy Peeoedie clyndn wRisp one 08 pioty, et RS E reagent,
insulaB@S bt dd%@siv@ﬁ?}&@ AREpriedbh e stBdtta@S atROsidt is@fion Pareen printing

di stance, relative speeds of substrate and screen and
ink usingflaé serecreprintingo opti i ze the print process for

el ectrochem cal sensors. It would further be

advant ageous to devel op a nethod of manufacturing

sensor strips wherein the nmethod copes well with the
8. A nmieflRRSacobrdindko @Y biedtdingin Wwhivhrihit satéropijtingse darrind ottusing a

printing of electrochem cal sensors. It would further
substagtialfyilaifeteg@ous to devel op a nethod 41 WO 2004/ 040290

PCT/ GB2003/ 004694 of manufacturing sensor strips

which facilitates better control of print definition

and the deposition of the thicker |layers of ink i
9. A nstlemieatcording teany podveding alaimdn sbich flat aerepmptiating is gorsigd out using

by, rot ogravure or cylinder screen printing. It would
an“WF@F#ﬁE? B advant ageous to devel op a nethod of

manuf acturi ng sensor strips wherein a variety of

paraneters are available to be manipulated to

optim ze the print process for el ectrochem cal

10. A sstingrascondingipiclaind whereigrihe mgvela flabsrieapds gewable relative to a
. .. St ' I
L

travelélee@thdmthtgobieidh.nent of the invention is not the only
structure which may be enployed to inplenent the

claimed invention. In addition, it should be
understood that every structure descri bed above has a

. AT d RBRAR BURY pRIEBRE Ll GRNNRS diRfoR MRe elebtrédesare printed on
1 Aneansd%g? g%rfor?ﬁpng thgt function. Wile ere_fre(rseléleprlne

the substtrbelatrrefitsbprirt statienpby sereen printivgtelestridatly so ve fippsing flat

and .described herein .it.wil be obyiou .
sereeipntrggs i el ToRL e inkil o B8 allfll ol iR sigton by
screefPPrivid B infiarmml ifk ﬁ_ﬁh? flaiNsop@nqumtivay 4 Aist fagentdhan asinted on the

and substitutions wl now occur to those skilled in_
substratec third print fiafinn kiejsaeeninagting eirstreagentiakusing flaf poreen printing;

mdth%ﬂ%ﬁ%?ﬁ%ﬁﬁg%ggﬁﬁ att89<ﬂ:rt hat various alternatives to the

e T nvention described herein

12. A method according to claim 11 in which a second reagent layer is printed on the substrate
at a fourth print station by screen printing a second reagent ink using flat screen printing and

further wherein the layers are printed in that order.

13. A method according to any preceding claim in which electrochemical sensors each
comprising at least one or more electrodes screen printed using flat screen printing, are printed

in rows.
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may be enployed in practicing the invention. It is

intended that the following clains define the scope
wotoole2omvent i on and that met hods and st ruct uUPEEFGB2003/004694

within the scope of these clainms and their

equi val ents be covered thereby. 42 WO 2004/ 040290

PCT/ GB2003/ 004694 CLAIMS WHAT IS CLAIMED IS: 1. A

nmet hod of manufacturing an el ectrochenm cal sensor

conprising transporting a web of a substrate past one

or nore print stations and printing one or nore

el ectr odes,. ont substr. at one noy rint .
14. Asme&hngq% B IR RYSTyhe Pt e SapsH el aeliF\ g the direction
oftra%ﬁ%fﬂl%'vv%lfe Wﬁ_ F&&fesaﬁdaebﬁhta&m@ A met hod accordi ng
aim1 ich a first insulation layer is printed
on the substrate at a print station by screen
printing an i nsuI ation ink using flat screen printing.

15. A?}% etctcg o C arnglr]]ng tggar%#agtaﬂ&u értﬁjst%fh jor aéra%tge& {o> éut the web into
strips i tHeliectdin mra%mﬂ tBEWRY tiH668esh gedtrddepgintsthiisrs each strip
reagent ink using flat screen printing. 4. A nethod
contaigingoatd¢ashonego®ny of claims 2 or 3 in which a second
reagent layer is printed on the substrate at one
print station by screen printing a second reagent ink
using flat screen printing. 5. A nethod according to
16. A@héthdd @ colliny toéblehm Mhincvhieh ﬂrealdnedtidm@ﬁﬂearbl afithé argl thrbggh the

printed on the trate a station by
mﬂﬁngé?@@ﬁl P HHNGES 1538%% PB § tS 198si ng fl at
screen printing. 6. A nethod accordlng toclaim5 in
whi ch the second insulation ink conprises as adhesive
i nk. 43 WD 2004/ 040290 PCT/ GB2003/ 004694 7. A met hod
17. Aamtbcvctiaqq:grtiimg tarapy of eladds hyytec] Ginwhich hefivehn 46 andp0 passers are
furth r electrode reagent, insulation or adhesive
printed 1y €3N TOWe "1 i nted on the substrate at a print station
by screen printing ink using flat screen printing. 8.
A method according to any preceding in which flat

screen printing_ is carried out using a )
18. A method according to claim 17 in which 50 sensors are printed in each row.

19. A method according to any of claims 13 to 18 in which between 8 and 12 or between 16

and 20 rows are provided.
20. A method according to claim 19 in which 10 or 18 rows are provided.

21. A method according to any preceding claim in which the screen is at an angle to the web of

substrate in the direction of printing as the web of substrate leaves a printing position.

22. A method according to claim 21 in which the angle is acute.
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substantially flat screen. 9. A nethod according to
any preceding claimin which flat screen printing is
W@ ariogd9out using a novable flat screen. 10.PET/GBRIVOM04694
according to claim9 wherein the novable flat screen
is novable relative to a printing position so that it
can nove with or substantially with the web of
substrate as the web travels over the print position.

25. A B ) SR e P o] b B eREER B e S LP op7Br 1000

7ge. at a first print stations by screen prlntlng
el ectrically conductive ink using flat screen
printing; a first insulation layer is printed on the
substrate at second print station by screen printing

an nulatlonl f.l.at screen Ng; a first

24. A geepring to “2“}5‘?3 pdighine paeital i ‘a third
print station by screen printing a fIrSt reagent ink
using flat screen printing; and the |ayers are
printed in that order 12. A nmethod according to claim

25. A Hethod adcbriingtosmy pretediog glaim ih axhigh the web o ﬁlgwrew i3 fexible.
substrate at a fourth print station by screen
printing a second reagent ink using flat screen
printing and further wherein the |layers are printed

26. AlnfethdtBiccBfdidf to ? prédediBiROimde adich thg wieb ofisybspreaetipriges
claimin which electrochem cal sensors each

polyestefipri sing at | east one or nore el ectrodes screen
printed using flat screen printing, are printed in
rows. 44 WD 2004/ 040290 PCT/ GB2003/ 004694 14. A net hod
according to claim13 in which the rows are

27. Astdthodmdtcoatihgtopdainl 26ein witch the vibrafsuibsirate istMe¢lingwel  of
the web relative to an electrode print station. 15. A
nmet hod according to claim 14 conprising a cutting
station arranged to cut the web into strips in the

28. AGh&REd hQRBrdhg tof Ay PrecbinihriER wHIEHOME Wveb b ehitiatedt Between
print station, each strip containing at |east one

around3lOpmend 40Rpmitbigkaccor di ng to claim15 in which the
direction of travel of the web through the cutting
station is the sane as that through an el ectrode print
station. 17. A nethod according to any of clains 13 to

29. Alfethfd Wtofdin® &t NEaP#H wiieh B2 we Sfubstaft€is around 350pm thick.

30. A method according to any preceding claim in which the web of substrate is between

around 350mm and 390mm wide.
31. A method according to claim 30 in which the web of substrate is around 370mm wide.

32. An apparatus for carrying out the method of any preceding claim comprising a web of a
substrate for printing an electrochemical sensor thereon, one or more print stations for printing
one or more electrodes on the substrate at one or more print stations by screen printing

electrically conductive ink using flat screen printing.
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printed in each row 18. A nmethod according to claim

17 in which 50 sensors are printed in each row. 19. A
woredohog2according to any of clains 13 to 18 i nP@IGBR003/004694

between 8 and 12 or between 16 and 20 rows are

provi ded. 20. A nethod according to claim 19 in which

10 or 18 rows are provided. 21. A nethod according to

any preceding claimin which the screen is at an angle

to the web of substrate in the direction of printing

as the web of substrate |eaves a printing position.

2. Amethod acc r.di to .claim?21 in which the angle
3. g seoipd s % g Bt AemiAdon fomn BEAnaben fhe substrate

st a Rk balosg @éreém%lﬁtﬁlg%%gmﬁ%n i e Bal e Anfiab S

bet ween around 10 to 30 or 10 to
according to claim23 in which the angle is around 15.

25. A nmet hod accor di ng to any pr ecedi ng claimin which

net hod
34. acgg thsggcférag%yt pr elgezg %& ﬁ{ f?aﬁﬁft&fﬁ/e{ Wé’r’xﬁé“iﬂ ‘B’fthe substrate
at a fatthatprat stationPy bGesh prﬁﬁin‘g%SﬁI@tr reageht inf UBIRA
to claim?26 in which the web of substrate i's I\/E
28. A nethod according to any precedi ng cIa|n1|n mhlch
the web of substrate is between around 310m and 400m

35. Aﬁlrﬂpﬁlérau%%cccﬁ‘d L5tk 8EQS % %%H%Qt ﬁlx%éﬂ g%bﬂ%}lgﬂﬁéﬁﬁ é%yer is printed

substra e IS arou
on tha eldlﬁtrdterag onepanstgioadydicregn ptiaiing i Secohd %ﬁg&ﬂt&xﬂ%@n@ﬂat screen
mltfsubstrate IS between around 350mm and 390mm wi de. .
PIRE et hod accor di ng to claim30 in which the web of
substrate is around 370nm wi de. 32. An apparatus for
carrying out the method of any preceding claim

conprising a web of a substrate for printing an
36. Ag|appaive HEcATdiAR t elain B3 1 Heordddrin vdrieh osecond msplation layer is printed

on the E]%Jsjcrgtrésat b8 px%t sEHtloH rsgrrég? }c))%wrrug%r agfei%gwi 10§ gggl} 2 51hng flat screen

trate a one or
printipg.i nting electrically conductive ink using flat
screen printing.

37. An apparatus according to claim 36 in which the second insulation ink comprises as
adhesive ink.

38. An apparatus according to any of claims 32 to 37 in which one or more further electrode,
reagent , insulation or adhesive layers are printed on the substrate at a print station by screen

printing ink using flat screen printing.

39. An apparatus according to any preceding claim in which flat screen printing is carried out

using a substantially flat screen.

40. An apparatus according to any preceding claim in which flat screen printing is carried out

using a movable flat screen.
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46 WD 2004/ 040290 PCT/ GB2003/ 004694 33. An apparat us
according claim32 in which a first insulation |ayer
w0 go0opouzp@ed on the substrate at a print statiPeI/i6B2003/004694
screen printing an insulation ink using flat screen
printing. 34. An apparatus according to claim33 in
which a first reagent layer is printed on the
substrate at a further print station by screen
printing a first reagent ink using flat screen
printing. 35. An apparatus according to any of clains
33 or 34 in which a second reagent | ayer is printed
41. Ap ﬁpm@tus aerording ko deinbh@ wherein themavieble ey saresncis ﬁﬂovable relative to
apr m: h H@sﬂc}gn 903%1%{: Xﬁg};‘ 1%1%21? gﬁl{rjlsor gié‘%so I ﬁwtlt%tﬂéf&rfa@ gg%ubsté%e as the
wébﬁﬁ@d@%vmmhwbnmmxgn&mcond lnsulatlon | ayer is printed
on the substrate at one print station by screen
printing a second insulation ink using flat screen
printing. 37. An apparatus according to claim36 in
42. Aﬁ'ﬁkﬁzﬁaﬁ@ ﬁc&?&lﬁg i1 hiRKinGRRBR bRESr @Asre eﬁ’&%aés\/ﬁe printed
ar at'us accordlng to any of clains
on th@subistratefat & firso penostatinns dyfsarceh printétgdeetocdly conéla@le'n nnk usmg flat

I nsul. at i ive.la on t.he
screery BB 1 e s e o S s 6 HE PR ihpkigint sgion by
screel'iJ plifihd APfnsBeH QLML R i Qereéﬂa%mﬁﬁhga@ Bkt 8dagenta&eR idhhrivfed on the
to any preceding claimin wh flat screen printing
substiate & éindipstht station big pavgerepriniivstadiivst rghgapt inkasingdfias sereenprinting;
d Arw1 aratu§ rd|é1€gto any preceding claimin which
an &fel 3¥r B R r?é is carried out using a novable
flat screen. 47 WD 2004/ 040290 PCT/ GB2003/ 004694 41.
An apparatus according to clain140 wherei n the novabl e
flat screen is novable relative to _ a pri

43. ApgePREs ageprding o Flaim 42 i, vaSFFPr@rreé&%&?ﬂa ggrlpsfd on the
al 8 & dRNEhE udHE Hlaf ffe
SubStMé %t %osﬂﬁﬂnﬁta‘cﬁ%@&f‘égﬁgg@ at %gs%ég’?orr |g§g touang : -
prmtlpg endaﬂlrﬂrgr wheiiein tha layleiscdre pristediin thet erdet.ect r odes are
printed on the substrate at a first print stations by
screen printing electrically conductive ink using flat

J

44. An apparatus according to any preceding claim in which electrochemical sensors each
comprising at least one or more electrodes screen printed using flat screen printing, are printed

in rows.

45. An apparatus according to claim 44 in which the rows are substantially parallel to the

direction of travel of the web relative to an electrode print station.

46. An apparatus according to claim 45 comprising a cutting station arranged to cut the web
into strips in the direction of travel of the web through an electrode print station, each strip

containing at least one row.
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screen printing; a first insulation layer is printed

on the substrate at second print station by screen
W@eooania2go an i nsul ation ink using flat screen PCT/GBRV3004694

a first reagent layer is printed on the substrate a

third print station by screen printing a first reagent

ink using flat screen printing; and the |layers are

printed in that order 43. An apparatus according to

claim42 in ich _a second r ent l.ayer, is.printed on
47. AP REPATE 855OIIRE IR Claint A6 Whishiog GLselN ghiraye afed ffbugh the
cuttin%rsia@ibh RO sHRE A hat SR an! dléctiddd Pént difonSCr €N .

rinting and further wherein the Tayers are printed in

that order. 44. An apparatus according to any

preceding claimin which el ectrochem cal sensors each

conprising at. | east .or G
4. AT AR AR FER ARGl S5 7 By REL IR 50, 60 sonsors are
printdddWRactdlow. An appar at us according to claim44 in which

the rows are substantially parallel to the direction

of travel of the web relative to an el ectrode print

station. 46. An apparatus according to claim45

s . ! . . ' _
0. AR AR ARG Ly B34 Al BAGEC kysity Ureh
t hrough an el ectrode print station, each strip

contai ning at | east one row. 48 WD 2004/ 040290
PCT/ GB2003/ 004694 47. _An aratus,accordi ng, t ai
50. ARGEPHARALIOTAE i PP A8 PP R At 2 fbween 16

and 20R8ws SkéldrbiBegt ation i s the same as that through an
el ectrode print station. 48. An apparatus according to
any of clains 45 to 47 in which between 40 and 60
sensors are printed in each row 49. An apparatus

51. ARGEREE MG ,difl fil Abi S8l Dnith16/0r 38 1 SRORRoAES P Nt &
in"each Tow. ®50. apparatus according-to any of
clainms 44 to 49 in which between 8 and 12 or between
16 and 20 rows are provided. 51. A nethod according

to claim50 in which 10 or 18 rows, a rovi ded. 52.
52. ARFPRYARF APUTIRE Lo AR wm@n%\%'m HORBAR e Serosms rifngTeleo the
web M BbSFAERNNE air@({tctioﬁrbf PRAiRe hOthERRb oMRBbBlatcSIeRRE adhiitih® position.

the direction of printing as the web of substrate
| eaves a printing position. 53. An apparatus

according to claim52 in which the angle is acute.
53. An apparatus according to claim 52 in which the angle is acute.

54. An apparatus according to claim 53 in which the angle is between around 10° to 30° or 10°
to 20°.

55. An apparatus according to claim 54 in which the angle is around 15°.

56. An apparatus according to any preceding claims in which the web of substrate is flexible.
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54. An apparatus according to claim53 in which the

angle is between around 10 to 30 or 10 to 20. 55. An
wa@ppanares according to claimb54 in which the PODGB2003/004694

around 15. 56. An apparatus according to any preceding

claims in which the web of substrate is flexible. 49

WO 2004/ 040290 PCT/ GB2003/ 004694 57. An appar at us

according to any preceding claimin which the web of

r| . . .
57. ARkl 15 By pROLAETLfiIm 1Pt BnERRB b AbutBicpte comprises
polydstdri nex. 59. An apparatus according to any precedi ng
claimin which the web of substrate is between around
310m and 400m thick. 60. An apparatus according to
claim58 in which the web of substrate is around 350m
58. Mp%rajcus%eqr&ﬁg&@ RRiASY Sn ¥AEQ Elb Kb lof seli¥rald(i SR0inee
claimin which the web of substrate is between around
350mm and 390mm wi de. 62. An apparatus according to
claim6l in which the web of substrate is around 370mm
' i . el ] .
59. A\é‘fc%g?r&m%g%ccf‘égﬁgl%g g%& gfeg‘?%é: %fa%rg ?Qifgfc&gﬁg%ﬁggf &b’%&&é& %jbetween
arour] BOLHOSEA00pRA the@nsor nmade by an apparatus according
to any of clainms 32 to 63. 65. A nethod substantially
as described herein with reference to and/or as
illustrated in the acconpanying drawi ngs. 66. An
ratus suhstantj al l-y.as.descri bed herein.wth .
60. ARERRhAHEHERED Hlath ok iR TGP WIS Nl 'hlolind 350um thick.
acconpanyi ng drawi ngs. 50

61. An apparatus according to any preceding claim in which the web of substrate is between
around 350mm and 390mm wide.

62. An apparatus according to claim 61 in which the web of substrate is around 370mm wide.
63. An electrochemical sensor made by a method according to any of claims 1 to 31.

64. An electrochemical sensor made by an apparatus according to any of claims 32 to 63.

65. A method substantially as described herein with reference to and/or as illustrated in the

accompanying drawings.

66. An apparatus substantially as described herein with reference to and/or as illustrated in the

accompanying drawings.
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