WD 2004/ 030287 PCT/ GB2003/ 004656 METHOD OF MANUFACTURE OF ELECTROCHEM CAL
SENSORS Field of the Invention The present invention relates, in general, to
a process for manufacturing electrochem cal sensors in a continuous web
and, nore particularly, to a web nanufacturing process wherein

el ectrochew@20048p8/ors are printed on a conti nuous web PCRIGH2803/04686v r ol | S
of web material are spliced into the process to forma continuous sheet of
substrate material. Background O The Invention El ectrochenm cal sensors are
used in a variety of diagnostic procedures, including the measurenent of

gl ucose in human bl ood. The manufacture of such el ectrochem cal sensors

| nvol ves the manuf agniiss ool wibkAir9Rs Af s3EBldcnshichbSeh each include

el ectrodes arranged in a sanple receivVving ceIP Ich 1s adapted to receive
bl ood or other bodily fluids. The bodily fluids the formconplete circuit
between the electrodes in the cell. The el ectrodes are generally coated
with at | east one reagent that reacts with the analyte (e.g. glucose) in
the blood to forman internedi ate anal yte that may be neasured by a neter
adapt ed to mBRDLIR IGnfieMt or charge at the el ectrodes. Manufacture of such
el ectrochem cal sensors requires the deposition of several |ayers of

el ectrode material, insulation material and reagent in a very snmall space
and the accuracy a : rs.d Ll 0 the
ultimate function g?e%geeﬂggl\??%{gn% uﬁegﬂgg%érlﬁég Z?degsoﬁﬁg{.%&%%%& costs and
meet denmandeledttochemicaiparsatsiin @ coitatuothwetedrslc nocgiaetidutaly, wenwelyr s be

manuf act ur ed t very high eed nd wi.th absol ute. accuracy.of alignnment
betweon ¢ e ekt WERE Lo QiU SRR s oy we

appl i cat i ongherkifl n8W olfTviebahatOffal ardpBedd iRONEMDEadss EERSAM BhtinudusdiRet Nsert ed
into specially adapted neters for self-nonitoring of glucose or other

anal yt es ( seicHbdigteimaieliadsani ne, haematocrit etc) in, for exanple, blood 1
WO 2004/ 040287 PCT/ GB2003/ 004656 or interstitial fluid. Many anal ytes can
be tested using such el ectrochem cal sensors, depending upon the design of
t he el ect r oBhddugionad Of@he brventidre arr angenent of the

Electrochemical sensors are used in a variety of diagnostic procedures,
including the measurement of glucose in human blood. The manufacture of such
electrochemical sensors involves the manufacture of millions of small strips which each
include electrodes arranged in a sample receiving cell which is adapted to receive blood or
other bodily fluids. The bodily fluids the form complete circuit between the electrodes in
the cell. The electrodes are generally coated with at least one reagent that reacts with the
analyte (e.g. glucose) in the blood to form an intermediate analyte that may be measured by
a meter 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



el ectrodes, the reagent used and other factors. Many of these applications,
and in particular strips for testing glucose, require sensor |ayouts of a
particul ar size and construction, where the manufacture is done within
particul ar tol erances to render the el ectrochem cal sensors having

char act eri 0 zw4/mwoegzh are as predi ctabl e and repeat abl ePas/GBoasionicss The
manuf acturing process is further conplicated by the need to nmanufacture
sensors many sensors very qui ckly where the sensors have very snall cel
sizes and, therefore, very small electrodes within very tight tol erances.
When testing blood or interstitial fluid glucose, one of the main factors
di scouraging regular testing is the pain involved in extracting the

required amopunt of -kl o or inferstitial, fluid. a r volune typically
eaui res a gy aimEie HhBE NGBl S b Bt e e sl 50, 2

advant ageoufeperddinguipd dseedesigh 9O IR eldtabclefqetl sésér, theathsfenabolithe of bl ood or
interstitial fluid and therefore are |less painful to_ use, encouraging nore

regul ar di sS¢dodesothesengentses datagrifpriors-dvlsnyglthessrapplicatipns, apd Ingraticyled) yi e
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el ect r odes theunahifactaiedsdonsarifiiiepartedintplerpness| th senderdhe dleetrochemisaksensdrs
Features oy bl hbildcd i SORLARLE Blc BB LbER AL bl goan accurate and

r epr oduci bl'e nner 1n order to uce -accu e and reproduci bl e anal yte
measur enents. Many net hods may be used to nmanufacture el ectrochem cal
sensors, including_ such processes as I otogravure §nd cyl i nder screen

printing. In rot og B tagtinng prgeess 1sdyither gemplicated é(tﬂé"d“Wf%m&mbe‘if%ﬁei ng
defining t k&%nﬁﬁlﬁ%l)p%ﬁ&?vér?ﬁ%ﬂékﬁl Wier&the Ec::lﬁ&ts'h%ke@'y LRaID&el ek Bh@d. Further

cylinders may be used to pri farther filns or layers (e.g. enzymes or

i nsul ati on theytrs ver\Wretleleatroddsedthinuers tighttblemaeso When tesdingibtmded by

rot ogravure._printi Q el ectricall. ndyctive.ink to farm.ope qor nore
il ectr odes Bt 8 Blucos G i pant fRS R RiAdie b, LONBERR Bl TO1
defini tion inSolpebiniekiracting thegeydred atrdviunt ofbksod o terbtitéal flbidc Kdbrger votemand
greater print thicknesses required when printingg@lectrochenical Sensors

fixed flat OPICWY BOHISELPET APETHEEPEBTouEsRler WWpBendhundls fuéassrtsy been
used in singleoduessbndrdthaPRYuiPs 4 Shig afbukt! #6168 6PRMEr&Aal fluid and therefore

are less painful to use, encouraging more regular discrete or continuous testing. One way
of requiring less analyte is to produce electrochemical sensor strips having a very small
structural features such as, very small sample receiving cells and very small electrodes
within those sample receiving cells, however, such small features more difficult to
manufacture, particularly in an accurate and reproducible manner in order to produce

accurate and reproducible analyte measurements.

Many methods may be used to manufacture electrochemical sensors, including
such processes as rotogravure and cylinder screen printing. In rotogravure printing a
cylinder is coated with a covering defining the shape of the feature (e.g. electrodes) to be
printed. Further cylinders may be used to print further films or layers (e.g. enzymes or

insulation layers).

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



sensors. O her nethods, including nethods of manufacturing el ectrochem cal
sensors using rotating printing structures have al so been described. In a
web manufacturing process for electrochem cal sensors, a web of substrate
material is passed through a series of print stations. At each print

station, aw@wokewes? of nmaterial such as, for exanpl e, PEVEBLYSEBIHat eri al |
is deposited on the substrate or on a previously deposited |ayer using, for
exanple, a screen printing process. In the screen printing process, the web
is positioned under a screen and an ink, for exanple, a conductive ink used
to make el ectrodes is pushed through selected portions of the screen to
print a layer having a predeterm ned | ayout on the portion of the web

posi 1 oned ek ata i Bencifl Beth uskiPsindit rded PP P b kil diFerlogCt T ochen cal

sensor on the su ate by noving t substra m one print station to
the next, peisots. r@he'amtthddaylecludiogs@@utds vBingnudantirngt eléotrgchenkieal isengomsi dual

sensor's froptthe fini ﬁﬁ“ﬁg ttveaﬁo man f agt Hrlng nmet hod an el ectrode
| ayer and ‘legggtnépquﬁﬁ 6% At | & é?giﬁahufactured by transporting a

continuous web of the substrate past at least two print stations. The print
stations may be cyllndrlcal rot ogravure_print statlons or é% der screen

print stations. HolReA 850 m&%ﬂgmrpéot%toa?lﬁﬁ@caﬂn@ BIPEY 2 desiratg g
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printing suffer drawobacks printing el ectrochem cal Sensors on a web.
Rot ogr avur engetialtsighgst fppexsaiple elgctreds materyaltib deposiped cmtthh sitghats or Fhe t hi ck

el ectricall uecti v nks needed roduce t.h ujre ele trode
Thi cknoca (eTSRM Sbetfed VPR RE LR R SR philfed SEH o fh EiEE P00
det ecti on) ;atrmngpfdcessuhawletnd pokmloyedmldsuzi §@éenfaﬁ@ﬂﬂxitik9ﬁiffpkﬁh}ﬂe, d nconsi st ent

printing with the resu|tant iQn | Iectro cal se sor uallt
conS|stency"o&ﬁt‘.Ft‘P’EP‘\kéEF‘hotrﬁ}akee Jueide ﬁ% PPt e 55 (\A,hlch

typically |i§ﬁh@ Fayl} KR0S r@de@é?ﬁnhf‘eﬂtl E]tjorpﬁi@ 138n BFiHe SvebipdSiabRad Yelty i%OdUCI ng
car bon eIectrogeggls espéilally dlf??cul asothg sollé7r%eU|d Shgges in the

ink can sep@mneﬂm@sm|1spmgbierbmlda&mq1ﬂcepé1eoncabmmrpnfm¢ $uhagatebyewymg|ﬂm@ of

t he engraV| fr ntprlnt t This.can r in even t
t hi cknesses ugﬁait%e%maa rlut‘)tﬁq'%tl8 Itoc%‘F exq’ REed eacgﬁa il c‘lmsf v an cgnsiﬁrs’% ency.

Cyl i nder sqmeﬁmnmmmnkmﬁgsﬁbmmﬂdﬁmﬂmﬂadbto single feed arrangenents (as
opposed to continuous web arrangenents). Furthernore, the 3
In one manufacturing method an electrode layer and at least a first reagent layer

are manufactured by transporting a continuous web of the substrate past at least two print
stations. The print stations may be cylindrical rotogravure print stations or cylinder screen
print stations. However rotogravure (rotating an engraved cylinder) and cylinder screen
printing (rotating a cylindrical screen/stencil) methods of printing suffer drawbacks whert
printing electrochemical sensors on a web. Rotogravure printing typically gives very thin
print heights. The thick electrically conductive inks needed to produce the required
electrode thickness for electrochemical sensors (especially those for blood ghucose
detection) are particularly likely to suffer from incomplete, inconsistent printing with the
resultant reduction in electrochemical sensor quality, consistency and reliability.
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 continnous web arrangements). Furthermore, the
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WO 2004/ 040287 PCT/ GB2003/ 004656 ability to manipul ate the way the screen
interacts with the printing nedium and hence exert influence on the print
quality by doing this) is limted because of the cylindrical nature of the
screen. Also, the variety of stencils available to achieve the correct ink
thickness fWPO28&8H028Ype of ink (Carbon, silver/silver cH@/GBWO3GHEEal ati on,
enzynme or other reagent layer) is not readily commercially avail able.

El ectrochem cal sensors for testing blood or interstitial glucose nay al so
be produced in a nulti step printing process using flat bed printers (such
as Thieme or Svecia available from Ki ppax UK, Huddersfield, UK and
Regi sterprint, London UK) and netering an ink through screen stencils

avai |l abl e fabity Biieiy Way M€ Yeredtifteracls withntlle Bfﬂﬂ:u@rﬁédlﬁﬁ!:ﬁﬂﬂwn@vent ry,
UK) arranged par allel to the flat_ substrate cards printed upon Thi s

process hasxeméflignegnndhe pipguality by deing $19 1%5@%‘@%"6‘&19@ & syhindrical aecur at e
repeatabl e JE&Q@GFthéch%QPEAls% Hx%%n&fefﬁ E@aﬂﬁﬁé%% hidve Y8 dob T8 ifup t11ME.
Sheets of 'substrate for printin of strips thereon are passed through
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direction of tr 3 manuf ac ur| rocess thin layers of ink are
sequent i al |r§ag§8§,8 )Bﬂoh'feg‘lil]‘ Yo??“t‘%ef?ia‘:% c substrate to forma | arge
group of sensor strips. Firstly carbon |nk may be laid down to form an

el ectrode layer. Next an insulation ink |ayer nay be | aid down. Next a
reagent Iayer t ypElearodpemical seasarnier testing blB%d <prdptgrsggw,rgluqq§§({na)§a1§%b%nd enzyme

| ayer rfjéjl‘{’(ﬁ gﬁgﬁ ey | Qi &Qé/\?} ally, a
hydroph| i (t}ﬁ?%l%g? 3 |néﬁg%gn%bgs§h%§%?ectl \ygﬁ%&ﬁ @@Ch&%ﬁn §§§%‘Qon top
of the sensayall@ﬂmﬁfomti@pweUléerldeISﬁelduUKlang Rtegleteah@e,thde UI*’g)wsldand the rows

mypr oduce et gy R Bratiiigh Sefolt S PRRAAT bRy Rt By ged Th
rows 0 to SandBTreOgRSet, Cb@enn’gzhEKylm&emg&d paraltd] td the iat subbtrdthieardioder at e sheet

t hrough t he flat bed printer (the direction of printing) with 50 sensor
strips per H8yed upop; Sglsrrqcsseesrfwaé&entagﬁé%t&wéeeawasaﬁamde?e% e

direction of.chbienk éﬁﬁb}eﬁ?nﬂeﬁ&%&t aTBY B¢ @H:Pf&ﬁseﬂor?%*nﬁ%me%@&@ote“h
stage. In partic ow ng the four print steps (for printing carbon
i nk, insul astubmtq fok penithg y's of agxmtberoén anpyssed thedughsewsial dhateed prinyinp e
mani pul at ed into a cut hi S at, t.he cuttin be done
al ong the r %B%? ‘t°wﬁ§e%’ (IJE\'/IVQ%HP% slé)rnl °§FF‘Yegs IP&hl mamﬁla tugn cess

thin layers of ink are sequentially screen printed on to a polymeric substrate to form a large

group of sensor strips. Firstly carbon ink may be laid down to form an electrode layer. Next
an insulation ink layer may be laid down. Next a reagent layer, typically enzyme ink, may
be laid down. Next a second enzyme layer may be laid down. Next an adhesive layer may
be laid down. Finally, a hydrophilic layer may be laid down. A protective film may be
placed on top of the sensor sheet before prior to cutting the sheet into rows and the rows
into individual strips. A single sheet manufactured in this way of substrate may produce
500 or more sensor strips. These sensor strips are arranged in rows 0 to 9 perpendicular to
the direction of travel of the substrate sheet through the flat bed printer (the direction of
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.



anot her. Next each row may be mani pul ated so as to be cut into 50 separate
strips. These nmanipulation steps are tinme consumng and inefficient. 4 WO
2004/ 040287 PCT/ GB2003/ 004656 Therefore there exists the need for an

i mproved process for the manufacture of electrochem cal sensors, and in
parti cul ar wa s4/b4ees7manuf act ure of el ectrochem cal senseCcs/GBR@s/omessur enent
of markers in the body such as in blood or interstitial fluid (glucose,
fructosam ne, haematocrit and so on). There further exists a need for a high
speed, predictable, reproducible way to manufacture sensor strips at a
reasonabl e cost. Further, there exists a need for a high speed,

predi ctabl e, reproducible way to manufacture sensor strips having very
smal | features where each finished strip my be used to reliably,

predi ctably and accurately neasure analytes in bodily fluids in a

repr oduci bl e mannefTherkfore therbexistsathd weetl fortanémiivalyed piontss ey the mamesctak of

el ectrochem cal sensaqrs to ensure . there js a continuous, uninterrupted
print run. heghicthsensors aaif 1 PERiGHBRiTerAhe panfaciisgiof SpiohmSp RSBt hem cal
sensor pr odge ieBirdbiéht bPmhil@rs3f treWddy Sithial BIRBEBor iRtetBtiREMIA] (glWRB8H, St eri ng

i ndividual printed | ayer to one another. Single roll runs mo&ﬁd require

regi strat i offugtesainines baemaspcrisurd sp qn| [Theredrthen guigts amgehiong high spesdi s, whi ch
are spliced_j t i [ n t- r opposed
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el ect r ochentER] Paviigneny ﬁﬁ#’a@xﬁ’ﬂeé Whﬁéreﬁg%ﬂﬁgﬁ%tp% %WSH?WII%yne | ayers
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substrate in the machine at any one tine is not insignificant. A
substantial length of web substrate sits in the machine at any one tinme, and
will be lost if the. . . L L . lexity
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registration to be set for every roll. Continuous running of rolls, which are spliced into the
machine, allow one single set-up procedure as opposed to multiple set-ups. One single roll
of commercially available substrate is not of sufficient length to provide an economically

viable print run of the desired length.

This is particularly important in continuous web printing of electrochemical
sensors in which carbon, insulation and two enzyme layers are printed in succession on a
single continuous substrate. The length of substrate in the machine at any one time is not
insignificant. A substantial length of web substrate sits in the machine at any one time, and
will be lost if the run stops early. In addition, because of the complexity of providing more
than one print stages which must all be in register with one another, long print runs are
very important to allow for both a lag time in setting up, and a settling down until the
process reaches a steady and repeatable state. Registration can take a maximum of % of a
(660 meter) roll of substrate material. If print regjstration is not set up correctly the
calibration of the sensor devices across the print run will vary. Furthermore the yield drops

significantly if registration of the print steps has to be redone for each roll.



calibration of the sensor devices across the print run will vary.
Furthernore the yield drops significantly if registration of the print
steps has to be redone for each roll. 5 WO 2004/ 040287 PCT/ GB2003/ 004656

Al t hough splicing has been used in the past for other continuious web

manuf act ur iWQ2q9r/6e8’ses, it woul d be advant ageous to deVP€elB2e03Method of
splicing substrate rolls in a process for manufacturing el ectrochem cal
sensor strips in a continuous web. It would, therefore, be advantageous to
devel op a process for manufacturing electrochem cal sensor strips wherein
the print runs are longer than the length of a single substrate roll,
provi di ng consi stency over the entire print runs, no matter how many

substrate rolls ar %ltﬁé%ix §pﬂci._tnEﬁa.p&éeﬂBseﬁ‘ﬁ@ﬂxe%'d&%@&faér%hﬁ&ldi&ﬁ"vﬁ:ﬁs' ng yield
where up to one-half of an individual roll "can be required to accurately
regi ster thmahufgeaning EUMHERYt BRuliie advutEFIerd dBRIdpR MeBaRyRPlicane OF THE
DRAWNGS The novel l]c (ialiiguroegs 3!) I%lh%ffl _1vente'l$on %%’csafgen]; s 1 SVI\IA;;[IQ ntingous
particulari?&m?%evﬂé aBbgnﬁ eI 1 Sy ? VIO M 'ng GIntRRY

f eat ures angemdi aduRIQthSradire] tecadpirdsgRbiis to idevste 4 procest fdr thaubhiuainged by
reference to the follow ng detail ed description that sefs fo

th .
i |1 ustrati vECEASBAPREIERSOT sHPRMNERInthePHY rEiapt lassihan eleﬁgt_éﬁf tepglare
utilized, agg Q@roll?ﬁfb@f@?é‘é’dn@ﬂteﬁ%%ﬁ%% egﬁre%ﬁ%s,ﬁb%mr Hovk Safly SChemat i c

di agram depicting 8 sections of the web printing process. Figure 2Ais a
schemat i ¢ diubgirateralls piecused g the piintgun, snbbtandislbniicreasing pigkl wiiere etoab-hplfi nt i ng

process. Figure 2B sch i.c diagr eptcti hird, fourth, and
fifth sectigﬁ%“%%y@héjﬁgﬁml%?%%??%go6g§%§%ggﬁﬁ%6g%ga§ is a schematic
di agram depicting a sixth and seventh sections of the web printing process.

6 WD 2004/ 040287 PCT/ GB2003/ 0046 Fi gur is a _schematic diagram
depicting a humd environnent4%?@8%&YéﬂgTﬁF%Ngﬁﬁngéyth

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
invention will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the

accompanying drawings of which:
Figure 1 is a schematic diagram depicting 8 sections of the web printing process.

Figure 2A is a schematic diagram depicting a first and second sections of the web printing

process.

Figure 2B is a schematic diagram depicting a third, fourth, and fifth sections of the web

printing process.

Figure 2C is a schematic diagram depicting a sixth and seventh sections of the web printing

process.



sections of the web printing. Figure 4 is a bottomview depicting a humd
environnent 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
di agram depicting a flood cycle Figure 7 is a schematic diagramdepicting a
print cycl eveRe0e028’ i s a schemati c di agram depi cti ng 2 pdiTfGR0@D46sgUeegee
angles. Figure 9 is a schematic diagramdepicting 2 different squeegee
positions. Figure 10 is a schenmatic diagram depicting a screen snap

di stance. Figure 11 is an expl oded view of a preconditioning 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 thj [ 'a(&%@ ictieQWHutni ki V] a
fourth dryi ﬁgﬁ%o%gx(%% .qulzi gur)ehpicf‘fﬂlgg an %%pﬁ%ﬁ%gn%ﬂ%ggﬁ %‘nlg\réisx?{ cl eani ng
unit (204) . sdetignsradshelweb prdingr e vi ews of an insulation layer to carbon |ayer
Wi th proper registration. 7 WO 2004/040287 PCTJCB2003/ 004656 Fi gures

18A- 18D are views of an insulation |ayer to carbon |ayer with inproper

regi strati oRigafenistalbettamtwiew depictinglauadd Edvartniest Samdertifilihdisixtisectdmshed.
Figures 19A-19D are views of an insulation |layer to carbon |ayer with

i nproper  r 85sMeRPIBAEhen the art work from screen 301 has not stretched.
Fi gures 20A-20D are schenmatic diagranms depicting the print results for
operator registration of the web using a first view guide for visual

i nspect i on #iguiefgisarperspedtivalview eld ppe with perforpiansess. Figure 21A is an

exanpl e of a sensor sheet with a first and second web view gui des; first,
second, third and fourth Y registration marks; and X registration marks.

Fi gure 21B iFiudds Sxpchdadic\disam defttthgiadivodicktlen a sensor sheet with a
carbon X registration mark.

Figure 7 is a schematic diagram depicting a print cycle

Figure 8 is a schematic diagram depicting 2 different squeegee angles.
Figure 9 is a schematic diagram depicting 2 different squeegee positions.
Figure 10 is a schematic diagram depicting a screen snap distance.
Figure 11 is an exploded view of a preconditioning zone (211).

Figure 12 is an exploded view of the first drying zone (217).

Figure 13 is an exploded view of a second drying zone (224).

Figure 14 is an exploded view of a third drying zone (230).

Figure 15 is an exploded view of a fourth drying zone (236).

Figure 16 is an exploded view of a first cleaning unit (204).

Figures 17A-17D are views of an insulation layer to carbon layer with proper registration.



Figure 21C is an exploded view of one row within a sensor sheet wth an
insulation X registration mark over coating a carbon X registration mark.
Figure 22 is a schematic diagram of paraneters X, Y, and O used to register
the web printing process. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBCODI MENTS
OF THE | NVENTdo@bho287i gure 1 is a schematic di agram depi eCriep2@38em8d ons of
the web printing process according to the present invention. Section 1 is an
unwi nder unit 101. 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 enzynme print station 105. Section 6 is a second
enzyne print station 106. Section 7 is a rewi nder unit 107. Section 8 is a
punch 108. It wll be understood by those skilled in the art that while the
followi ng description relates to 8 WD 2004/ 040287 PCT/ GB2003/ 004656 a

process andFapfa8AUSDCA8 owiofgn ifdalatoBlageed tabch laydiavifliapasgsr and appar at us
of the invention can be enbodied in greater or_fewer nunbers of sections.
For exanpl eYWP@MWh%q‘ﬁWP%‘F%%“@%é“@WF@%% isgretped: enbodi nent, one or
nore print stations could be used wthout departing fromthe scope of t he
invention. In one enbodiment there are a mninmumof two print stations for
printing anFéqu@stli?AdeD ary grevwsod an inselaienleydr 4y eatbor layesatheimpoaperent  of t he

pr esent |nvent|o Lon 1 n g a substrate materia
unwi nd unit " PCEPCW %{ls ef’% oggé%]lscregm@gl%ts PStrﬁnvm %der/Aut omatic Splice

which is avallable from Martin Automatic he |n Rockford, IL. In this
enbodi nent of the invention, Sectjons 2 maybe i npl enent ed

using a rmoditeuEs 2RAmMPMENTE srliemase dli\&fﬁ“&?ﬁiel”gt‘%ﬁ/tgi’ P’é’bq rés‘-‘?tls (g‘t‘ﬁ(\PE‘iaWér Kanmann

Maschi nef abiddenGitor HOGRH viHER ?ﬁ‘st@l fot BB HiBectiGh UMY an ihifiall hi S
enbodi nent of the i1 nvention, Sectio maybe pre- cond| troning unit 102.

Pre- condi t i cegistigtiomproces®2 nay be used to precondition substrate 242 prior
to printing and sections 3, 4, 5 and 6 nay be used to screen print carbon,
insulation, first enzyme and second enzyne inks onto a substrate 242.
Section 7 mEjpure®lAiEen efahpld@Ff a Wérisbr shoef vathehfirstsand fsedoné xabptiey guiddvhfisst, n

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.

Figure 21C is an exploded view of one row within a sensor sheet with an insulation X

registration mark over coating a carbon X registration mark.

Figure 22 is a schematic diagram of parameters X, Y, and 0 used to register the web

printing process.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION

Figure 1 is a schematic diagram depicting 8 sections of the web printing process
according to the present invention. Section 1 is an unwinder unit 101. 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
enzyme print station 106. Section 7 is a rewinder unit 107. Section 8 is a punch 108. It
will be understood by those skilled in the art that while the following description relates to



Rew nder, which is available fromMartin Automatic Inc. in Rockford, IL.
Section 8 may include a punch 108 such as, for exanple, a Preco punch which
is available fromPreco Press, in Lenexa, Kansas as nodel number 2024-P-40T
XYT CCD CE. Wile specific nodels of apparatus are nentioned, these pieces
of appar at w0 p@ayodes7vari ed and/ or replaced and/ or om t PEWGBROGHELHHer

W t hout departing fromthe scope of the invention as w |l be understood by
those skilled in the art. Figures 2A, 2B and 2C are schematic di agrans
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 nent of the Invention, the material used for substrate 242 nmay be a
pol yester material {(trade.n | k ne r) S1328). which is manufactured by
Bupont - Terg s piebb@iEs PR BORE llon e oot M thoafar L1 L Y
maybe, for ig¥safiph €an berpibodiellliy greb@r oif fewvensunibletsaif séyions OFan exardple avhdle dppr ox.
660min length. These djnensigns o{;%ﬁgi ckness and wi dth have peen found to
be parti cul Bt ftaliens@msnyispesd 1p s ey Bt JI5 05 moEs Rt stlipRToRld bedisfd or s by
flat scr eeny i duP Hépaing Frofn M’@chﬂe oTURShVeRliSn. Thi¥ne embodifhelind QAR 40287

PCT/ GB2003/ 004656 © because of the requirement for the material to be robust
for printi rmyinyeemedhyqprindSlations for priingtan eleaippsterlaen snchmrbagent ayer.i ci ent wi dth
to accommopdate a suitable quantity of sensors to render the process
commercially viable. Substrate 242 may include an acrylic coating applied
to one or both si diSonk@mbogifmeueof thi prstneRivemion 8dclies 1 afayibe idplerehted r ed

mat eri al because_ it behaves satjsfactoril t el e\{at t enper at ures and

tensi ons usBHERMPHES RaregRnwind Ol spechisqion grampleAMptiBsent i nventi on.

Wi | e pol yeghwindaiEutbAREShIVB WhitdXs 8¥81ab18 GromPVIBHATA1RSmARY BE iR RO clford)ne
enbodi ment of the invention, the use of other materials can be envisaged by

those ski | |1éd In ghis erebegimert o fhetinenties Septisns 83, gr d mndidanasehedmplemanttded,
orongst g JALATR LB RS D el SO BARE Gl 0 Lenath,
t he productMasthiviefabgik Saitsh, modelauubier 461.85) in BindepGemaaaly. tInititik ambedimants ome
et e o gL B PC om0l M LSS EE OBl ng i .
E ; i Ete atslt ﬁ; i lgﬁ;g B0%ed BHRSddnaltRn 2igstlate 222 PASEH phidtify AdectidndBi 41 ZaldiqaRaypr OCess,

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

Rewinder, which is available from Martin Automatic Inc. in Rockford, IL. Section 8 may

include a punch 108 such as, for example, a Preco punch which is available from Preco

Press, in Lenexa, Kansas as model number 2024-P-40T XYT CCD CE. While specific

models of apparatus are mentioned, these pieces of apparatus may be varied and/or

replaced and/or omitted altogether without departing from the scope of the invention as

will be understood by those skilled in the art.

Figures 2A, 2B and 2C are schematic diagrams 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 embodiment of the Invention, the material used for substrate 242 may be
a polyester material (trade name Melinex ® ST328), which is manufactured by DuPont
Teijin Films. Substrate 242 is supplied in a roll of material, which may be, for example,
nominally 350 microns thick by 370mm wide and approx. 660m in length. These
dimensions of thickness and width have been found to be particularly suitable for the

production of electrochemical sensors by flat screen printing on a web of substrate. This is



substrate up to 185 C without placing it under significant tension to try
and ensure that substrate 242 experiences m ni num di nensi onal distortion
during the web printing process where tenperatures of between 140 and 160C
at tensions up to 165 N may be encountered. Typically the tension used has
been m ni ma¥Q 2gowst02870 sufficient to drive the web throaghGBa@3heaicer .
However, it has been found that despite this heat stabilization process,
variations in registration fromprint step to print step can occur causing
sensor failure. Thus, a preconditioning step has been introduced

imedi ately prior to printing. As wll be explained hereinafter, in the
precondi tioning step (section 1) the substrate is heated to a tenperature

(typically 160 O .greater th ny te r.at t encounters. d ng the
later print %?F&“Sse)"ég’? re‘i‘ﬂr%ﬁg?%if glﬁérﬁt%gl?g’ 5‘?%#9{ PRRT %%%QEPW@H % al so kept
under tensi gioughttdi é@aalafuy and O£t Midit ¢ Ada8midodste RisRMElianeyi 0TgerBbRP -

I ndeed in this enbodi nent, the conbjnation of preconditioning and pl acing

under tensi trrendes thymeeaess comsprieially yigble. Spbpirate 247naay mchide ap aerglie €9aHBE i on and
i mproved th lﬁﬁwéﬁ%b%%%ﬂo éﬁ&\%mﬁ B9 6n. F&?&ﬂérﬁ'éeé‘% refrell RGedrAy €Nt i ON,

rolls of substrate 242 are splic together 1n elt w nder unit 101 or
rewi nder unbécai @it Mawg satpifdctirily att gprated ierhpessyres and tensions| used Mt@wm ng

Fl at - back Pape nt ert ape. Po r ou 04/ 04

pCT) cep003/ U A s bR & L Bica R nefledPina gy aRdp e B, 1 anc
section 2 Oi)refed/w%dﬁé’dafstlh dfe pbER@SntaE gRlifvenfor, Gheaire of ihefinaRisls 0dn Behe
present invention, ure 2A, section 1 is an unwi nder unjt 101.

Unwi nder unPRvisaged ‘i%‘é‘P ledjip the agt T ﬁ\zéescng%%wawdaﬁi BgF‘“ZMdee¢’|Wg§pl i ce
unit 202, apghef infirpk, VARSI it leridQBickdeds, Fi@H bk S8 bk Chvida le& all
conditioning Station 102. Pre-conditioning St at| 102 inclu es fi

cl eani ng un IthdtQ(OlllengTb eﬁgtmg ylglitiamel @nactltyzfo;ahv\pmdhcttoymf setisprg and a N@matmaad

i nbound ni p | J second cl eanin | oad cel | 2 first
print 'ro Le%ﬂﬁna%ﬁgﬁd;t it eSF;n ﬂi;bbﬁwziegﬁg Rl nglﬁngr 5 reéﬁ%ﬁfﬁ; iﬁi Lhe
enpodal ment a/pﬂ& drf 1 préseht @udrRion Fprids Bovert g

consi sts of, for exagg a Martin Unwi nder/Automatic Splice_ which is used
to facilitaPentsatiendBhmbiatesl4ddvemmernd top heat stabiliz t@nzmcqsmbas heating the

pre-condi ti ‘QﬁBs’E}gte%g@J 1P CIthouPHIgLingit uh&é?%if%ic%t tERRIAS kB8 ¥suBOflat Unwi nder

unit 101 may include a first unw nd” arbor
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
encountered. Typically the tension used has been minimal, just to sufficient to drive the
web through the heater. However, it has been found that despite this heat stabilization
process, variations in registration from print step to print step can occur causing sensor
failure. Thus, a preconditioning step has been introduced immediately prior to printing. As
will be explained hereinafter, in the preconditioning step (section 1) the substrate is heated
to a temperature (typically 160 °C) greater than any temperature it encounters during the
later printing steps. In one preferred embodiment the substrate is also kept under tension
(typically around 165N) during this preconditioning step. Indeed in this embodiment, the
combination of preconditioning and placing under tension has greatly reduced the
variations in print registration and improved the resultant product yield. In one
embodiment of the invention, rolls of substrate 242 are spliced together in either unwinder
unit 101 or rewinder unit 107 using splicing tape such as, for example, PS-1 Splicing Flat-

back Paper Tape from Intertape Polymer Group.
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and a second unwi nd arbor 201. Note that an arbor can also be referred to as
a mandrel. First unwi nd arbor 200 holds a roll of substrate material 242
and continuously feeds substrate 242 into pre-conditioning station 102 of
section 2. Second unwi nd arbor 201 holds a standby roll of substrate 242,
which is am@mei/wez?ly spliced to the end of the roll oPCT/SBREBOGEE 242 from
first unwi nd arbor 200 ensuring a semi-continuous supply of substrate 242.
Thi s continuous process repeats fromfirst unwind 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 secti on 2 while the splicing operation
takesplaceinfirts ice during. whi ch ti bIhtef'rst

unwi nd arbor 200 a A)ﬁ& S@hﬁaﬁlﬁ 1] d%(%ngrs%&'g{l;tzﬁggﬁ%cgw 0? pI ice
created is Imrimg&arooewz;ce@dmtmo@ dnmgiukbnoéftﬁabtes@n irvpstiaan IaiFidves 24 de of the
material at the joint. |n order to ensure quali X Hgpprom mat el y tom of
printed subiSeiion bispaynpndgy whth0de Yogindes pnis  Gloingipdes st asbari208, sepdndst  unwi nd
arbor 200 agy o b u shown)
whi ch gui de gﬂ?s%?r glgteéﬂgigézﬁ?tn%{)z fﬁu{dr%tgt]%%‘muﬁ%lggﬁg?w pgggg%,g %/\%géne%lggﬂ Egui des
are adapt ecbmimOpng\EeattonlebsPneapedIEmng Statmmva@ﬁ:hedud@ farst qleaning upgi29g, f ed into
first splic 202. e_.of ion | set up to
br oduce. bet st 0GR (e TR anhnd 5 5Pl et afind P one
time. For thasE7Pldadicelb2G8; fitshprimeniie e dirktiride rallen i MaUrsSdHw kyned11i nk, the
nunber of rolls to be used is not usually a problem However, 11 WO

2004/ 040287 PCT/ GB2003/ 004656 for the two enzyne print stati ons, to which a
limted amount of miﬁe'eﬁlbwﬁehﬂ oef%e lhb&meﬂnnﬁ&ate&fn mg&rlaaAt QnPRidbSEst o an

i nportant input paraneter. Indeed the nunber of roll's to be used determ nes
t he anount efmsistslof; ﬁba@@dlptma MaetusUn‘émderﬁMtgmah@Smca mehichfis pied tp facilitatag
process. Fo le f t her S than 6) rolls
wort h of en{zhff r?gx)l(t}nggu%rp%&e eéltcoecf ugmatet%@ mtOrp geﬁongﬁlloglrngts‘ka%ﬂ% retr dof printing

in each of wadbih @f@pﬁ)xaﬁstd@ 30[h mwmdeeumnzmnmay fklude e €ieks uhmﬂalarwm)m n
readi ness for pr| ntj ng t‘{] g %Qou hqe) print run to ensurg consi st ent
printing of 2sserendpying sjondody Aofs that agrartor saglsobe refprred s g3 mandiel peen

pl aced aboufigd; *ﬁﬁmxﬂ%@ﬁ%b Holhbﬁrﬁlmﬁﬁsuﬁfe'rﬁﬁtcxﬁtl 843 Micoh@nESH Bedshat a
sufficient anount of enzyne ink can be added to the screen w thout

requiring tsdssae déhintoprpeondifigrin digiond 02 e§sestion?y Sergnd bswind 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
242. This continuous process repeats from first unwind arbor 200 to second unwind arbor
201. A substrate material accumulator 203 stores a predetermined length of substrate 242
and dispenses the stored substrate 242 into pre-conditioning station 102 of section 2 while
the splicing operation takes place in first splice unit 202 (during which time both the first
unwind arbor 200 and second unwind arbor 201 are stationary). The splice created is a butt
splice with a length of splice tape on either side of the material at the joint. In order to
ensure quality, approximately 10m of printed substrate may be discarded either side of the
splice. First unwind arbor 200 and second unwind arbor 201 includes web edge guides
(not shown) which guide substrate 242 into first splice unit 202. The web edge guides are
adapted to prevent substrate 242 from wandering as it is being fed into first splice unit 202.

Typically the machine of the invention is set up to produce between 2 and 10

and more usually 6 rolls of substrate at any one time. For those print stations connected to a

continuous supply of ink, the number of rolls to be used is not usually a problem. However,
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reducing the risk of the enzyne ink overflow ng the screen and onto the web
substrate running belowit.) In one enbodi nent of the present invention,
substrate 242 is held under a tension of approxinmately 165N throughout the
process in order to nmaintain registration of the four layers to be printed
(typically Moe0p¥v(4pa87r egi stration tol erance is 300n). ThecT/Seisigoasse 242 is
al so subjected 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 tendency for substrate 242 to stretch or expand during the
process and consequently fall outside the registration tolerance. |ndeed
the inmage size variation fromprint stage to print stage and print run to

print run Ll as within the print . run jtsel . K i ct abl nd
R gner "t nanCh g BBt iR bl Hial L gl adhet ik LA BRI, esimEt
i Il ustrat edofirdllFtiodéueediban fRsiriafinputiparadnefer e Indeahtile himbérvg réltsab bensed02.
Pre-condi tioning occurs before any inage is printed ofntgo the substrate.

Substrate 2dgermanes the aavat ofipinBlacdd Py thesEernpRar loRATR! tt PRBEPESH- SRt
stretch Wéﬁg@&%b%%ﬂﬂhé LR SuR ot @y BProRs R6AR Sf &YmRifCart fladtd t he

regi stration substrate " 242 tthr ough sections 3-6. Preconditioning station
can heat sudrsthe atreerppriortothg stagperistingin eachyiiisedtions S mast 6. Klausethe ¢nzyme inks
subsequent pri.nt .st.eps. _Tvpi | yv.thi Lace e ensi. of between
150 and 180 efiri){roebetkf/3 tlslcrzlé a?é)%l egs?fér rﬁ@é?ﬁgﬁlﬁ\%@ggﬁnﬁrﬁg%ﬂ% Sﬁltéercone18 r%)tdi ment

pr e-condi t i grititing of batyn@oviéORe oholehidass thepsitrai. e\ 42 hishean progkdbautithe
sufficient 12 WD 20041040287 PCT/ GB2003/ 0046% .to renpve the irreversible
stretch froffFeBR theagneymg printsiations (9 FnsR et 3 SUEHFIFY YRR Of grmsink caa

descri bed aB0yGed {108 cARRRITRAIAL HeErcbMoARbAR b BEriSLPRIT AUGI,S heat ed
to approximately 160C in the preconditioning zone 211, which is illustrated
in nore det edicingtheirigh oéthe tnzyme inleqysrBewied theseieen agdoniptheevdboubsteata  of t he
present inventi O%lel[o q?z)tenperature to which substrate 242 is heated in

g .

t
pre-conditiIo“nmlnrrl1 atidn 102 is not met or exceeded duri ng subsequent

processing of substrate 242, including subsequent drying steps. Subsequent
Print processes may COMDQRSALS: bohe bl bh o sl 5] HR9R 148, £ ©
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 300pm). 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
tendency for substrate 242 to stretch or expand during the process and consequently fall
outside the registration tolerance. Indeed the image size variation from print stage to print

stage and print run to print run as well as within the print run itself was unpredictable and

higher than could be tolerated.

In the embodiment of the invention illustrated in Figure 2A, section 2 is a pre-
conditioning station 102. Pre-conditioning occurs before any image is printed onto the
substrate. Substrate 242 is pre-conditioned to reduce the amount of expansion and stretch
within subsequent sections of the web process and also to aid the registration of substrate
242 through sections 3-6. Preconditioning station can heat substrate 242 to a temperature,
which is not exceeded in the subsequent print steps. Typically this takes place under
tension of between 150 and 180N more typically around 165N. However, in another

embodiment pre-conditioning station 102 can heat substrate 242 to a temperature sufficient

12



t he process of pre-conditioning station 102 by the provision of a slightly
| arger stencil screen size (typically 750min the direction of travel of
the web). The provision of new screens can be problematical. O her
paranmeters can therefore be varied at each print station to accombdate a
variation i WO2idgd0287 ze wi t hout replacing the screen, suntt/@B20bi@4656l ative
speed of the screen and the web. Nevertheless, thereis alimt to the
anount of image size variation that can be accomobdated. It is therefore
preferable to precondition the substrate as described herein reducing the
overall image size increase and reducing the variation in said inmge size
i ncrease. In one enbodi nent of the present invention, pre-conditioning

stat | on 1023} 30y hOGHHISHIELM! AARLREETERS e hOPEIARS AL B IELANS,

whi ch faC|I|té§e proper operation o uring process according
to the pressdesdribeéaboven. In pre-conditioning unit 102, there are two web
cleaning units, a first cleaning unit 204 and a second cleaning unit 207

whi ch clean the top and underside of substrate 242. First cleaning unit 204

and second cl eani pgoddtntbodidernt SLtht ARKNAI R SURrafds hefed 18 laptbRintately enOVe
particul ates fromsubstrate 242 prior to any printing step. First cleaning

unit 204 maldsEC it He pescanditiening zeredd havhickoisiisirated in pogdetailip Figure bim 4SM Web
orre"Soy TEUPindhBREs SR O 820 JMILASH o QAR aR, o oon o

Pr e- condi t i substnge 242ais iheated Bi2pré-eonditdmingstdtiodd 92 izt mred onéxpeaded Haning?06 and a

| oad cell 208. |nbound ni o] |l er 6.is.,used to control .the_t.ensi on of
subst rat e bR ERaEErug ol bl Zaeirt R DR P B R RSV SR 206 and
out bound ni PriKiPrd@ése£BBY compERaY gt the Pigh®Y laeder 2086 ducksd Hetdhing Auadeynt r ol
system (not shown) to load cell 208. 13 WO 2004/ 040287 PCT/ GB2003/ 004656

Substrat e 2thg prosesserfvaepditipmingstatinn 1 @hby e pervisien oft alishtly lgwr stenddlect i on 6
t t ant te b d ni 08. | tion 2
hacoron BB T LR PP Rt SRR bR T R DRk BRE' o0

process accCsyiébnd garl e profleMaSE WitheriparadittarOdhn therbforyisk viripd kdatleprid@fatiaglj ust s
its speed in order to control .the tension at % .predeterm ned set pqgint. A
typi cal subr3csaBmpdae p ¥ariation dn yrage sgp Witheytasnlrgns ths sgred sud@s theirAlgtivo t he

present i nvegnth ofmy¥estsh £ (RORED NSRBI Yss 1RGN i§ £1iAFANaRNUEhIIBY &F image size
variation that can be accommodated. It is therefore preferable to precondition the substrate
as described herein reducing the overall image size increase and reducing the variation in

said image size increase.

In one embodiment of the present invention, pre-conditioning station 102 also
includes additional elements, which perform functions, which facilitate proper operation of
a web manufacturing process according to the present invention. In pre-conditioning unit
102, there are two web cleaning units, a first cleaning unit 204 and a second cleaning unit
207 which clean the top and underside of substrate 242. First cleaning unit 204 and second
cleaning unit 207 use tacky adhesive coated rollers to remove particulates from substrate
242 prior to any printing step. First cleaning unit 204 may be, for example, a cleaner
commercially available from KSM Web Cleaners, model number WASP400, in Glasgow,
United Kingdom. Second cleaning unit 207, for example, a cleaner commercially available
from Teknek. Pre-conditioning station 102 further includes inbound nip roller 206 and a
load cell 208. Inbound nip roller 206 is used to control the tension of substrate 242
(specifically the tension between inbound nip roller 206 and outbound nip roller 238).
Inbound nip roller 206 is linked via a control system (not shown) to load cell 208.
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specifically 160N to 170N, in this enbodi nent the tension is
approxi matel y165N. Figure 2B is a schematic di agram depicting section 3,
section 4 and section 5 of a web printing process according to the present
invention. In Figure 2B, section 3 is carbon print station 103. Prior to
printing (aveb®anopty systemis installed (avail abl e froRCTKEBaWIN46%hi ch
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 imediately prior to the chilled
roller 212 and accumnul at or 213 and is the cl osest accessible point prior to

carbon BT Nkl TP HOHBLSH £ RLURE PR VRSIIMrSIB) WaBR R £ORLASES the

substrate i n]i!Pe &b exi 1 ONni n uni t

102. Car bonraes hyndutisouad hqnom%zﬂsndjoualeal Z081i% Sedtidh Izlrﬂéhsﬂireé the tendiba ofsecond
accumul ator 213, second print roqller 214, first visjon sensor 215, second
drive rol | efubstiagie 242 when ifjisirapving theoush fhe wehpracesp#r@ording to e rgfepler 218, In

the enmbodi MeRLLRh. HB%uhd‘Hx%%ﬂ&QOb lalifdgt (tedREd inbrfidrGy Eéntro? Bre t&RnlaPR 4 1S
insulation print station Insul-ation print station 104 includes third

chill ed rol predeteridnedishi paintadc typisabsvbstrapeosiethinragy gy tnppufzcitingpre@ss  second
pa7ac "t i v a sefape o gfq fBlenpig R Al Lo ERUL 136 30PN il BES! 0"

section 5 i spetificalty B0Rytod 70N] mtthisteaibodimedidhe tehsios is appoyxineatelprSht st ati on 105

includes fourth chilled roller 225, fourth accumul ator 226, fourth print
roller 227, third vision sensor 228, second Y registration system at 237B

(not shown), fourghudringd &héﬁﬁn&ﬂ@grﬁﬂqeﬁlmrfg@e&ldnq s&!ﬁBﬁ 423@seclibn 8 oPr OCeSS
according to the present invention, section 3 of manuf act uri ng

process i s wheb printingmecess aqepiding noatququn@eéenu@ﬂ bbF}gBré 2Basectwll3 ishe
e I
departing f Meetlf)hehicinvieatsi thertoprsidet(prili sidayamtundeanide vt the sabsiretcasipga, two
carbon DYt TR BEBE QL o Q1C of, LS BIL AL S AN, SR AN
inks may beyusef sta@oR2OY QR to 0heslofRE erhk 3B ruiNaddRBcRine Sthicivem cal
sensors. The insul ation and reagent |ayers may al so

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

213, second print roller 214, first vision sensor 215, second drive roller 216, first drier zone

217 and second chilled roller 218. In the embodiment of the invention iflustrated in Figure

2B, section 4 is insulation print station 104. Insulation print station 104 includes third

chilled roller 219, third accumulator 220, third print roller 221, second vision sensor 222,

first Y registration system (not shown) at position 237A, third drive roller 223 and second

drier zone 224. In Figure 2B, section 5 is first enzyme print station 105. First enzyme

print station 105 includes fourth chilled roller 225, fourth accumulator 226, fourth print

roller 227, third vision sensor 228, second Y registration system, at 237B (not shown),

fourth drive roller 229 and third drier zone 230.

In a process according to the present invention, section 3 of the web
manufacturing process is where carbon printing takes place. Of course, as will be

appreciated by those skilled in the art, the number and type of printing processes can be
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be varied in their conposition, order of deposition, thickness of deposition
and layout as well as in other paraneters apparent to those skilled in the
art fromthe enbodi ments described herein. In section 3, the carbon artwork
for the electrochem cal sensors manufactured in accordance with the present
i nvention mi{Y 2B&/0828ht ed utilizing screen- printing. ThedTasswoxwesenents of
the carbon print station 103 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

bl ade 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
general ly f r i to
provi de a n%ﬁ%??€@£%¥ﬂ?%gﬁgﬁ?€§Pi eS|re ﬂg%ggggﬁﬁﬁn t?§§§g%hﬁe to the nmesh
and pushed caonquigks may Mwmwg}e«bon artei om guordprirthivish saﬂagewith enetdlli¢ pastidlesen nmay be

def orned sli.ght)|l shap t i this is
especi al ly T g“%@?aﬁﬁgféﬁi %Pfﬁﬁlg?gﬁ%mgﬁ %P% (%W'FHS nk to be
used duri ngeltdtdde Mykr i@ tlﬁHd:létItrol&hléhulcﬂ SOy, |’1Y1e@iﬁﬁlﬁﬁbriﬂdlr@£‘gehhﬁyér§ﬁﬁ?ﬂlso at the
start of the print run) and the pressure fromsthe s%ueegee pushi ng the ink

through t hebe yasisd Hst#leﬁewpposnwnaowqeb%ﬂee%ﬂl@: Prickeessof deposition apd Ryt @S t h t he
present i nveph bOoR.oIRE pasRetala P%enﬂb%&@gqmﬁlﬂtﬁé% £04 dyediR S queegee
606, flood bl ade 603, " print g , and lower print roller 303, in
first dir ecd¢sambe@08rem|Iolsemnﬂeﬁpmdmntadwmrkefombekmtv@hetmcabsenmmst rate 242.
e e O TR bR GRRS AL B bleS SR L PRROS S ek el Shng gt L on 608
of substraté M R od" cyePE Wiere T nk 604 §'& Q1 0 screen

301. In a sp@eﬁgum&bapmlcsmp&y@kﬁomh@caﬂm print a@tﬁmrlcd)arafeelllwtdnedtlh@lgm&@%ent
i nvention, as |Ilustrated in Figure 7, squeegee 606 transfers ink 604

t hrough t he®c} JBpanigyl %ﬁ&umlepn%td%lml agearameto ts presegt npentiopiinaludes e e, t he
squeegee 60Gyednl300doREAR R 6&&3@3 'p?ﬁlt Iroﬁlﬁl@b £80d blﬁ&cbobomueégebmmelol ler 303

all nove in second direction 60 I's opposite to the web® novenent of
substrate 243 ax@carsaewgemoﬁ dn nm\benl pnnt statios tl 04 ipristrollerb 0938 sesbid prird aellee s ponds

15 VD 2004/ 00287 PO G003 A04RR0, b8 4 DE.ER IBKSTRL, O, SUESLLALE 247
r

for the print cycC ere oug een
deposi t ed ot oNidé 4 Adgativel@E thd. h[meoﬁmeslmgl tCagbopinknik applideo theanssh nad pusBE

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
at the start of the print run) and the pressure from the squeegee pushing the ink through the

mesh stencil.

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.

In a subsequent print cycle process in accordance with the present invention, as
illustrated in Figure 7, squeegee 606 transfers ink 604 through the screen 301 and onto
substrate 242. During the print cycle, the squeegee 606, flood blade 603, print roller 600,
and lower print roller 303 all move in second direction 607 which is opposite to the web

movement of substrate 242. Screen 301 is moved in first direction 608 which corresponds



noves in the sanme direction as the web substrate at the sanme or very 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 origi n®024W4de8bnce t he squeegee 606 is renmoved. ThecT/SBIeRM4GO1 t hen
noves in the opposite direction to the substrate as it is reloaded with ink
604 ready for the next print cycle. Wien the ink is | oaded 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 |eaves
the print station. This arrangenent (the angle being typically around 10 to

30 d d ificall 15 ] ' |
o ehe. P2 TRl o BRE bS8 2 P bRnfiSElSRleiak P BrGRndflobh o2
reproduci bidcideyt 30ThR1 Gépbsied oh QuissbRtonal Thadlirdg e gftte B8 gieen TIr €en to

squeegee di stance, squeegee to print roller position, sng& di st ance,
rel ative spBeYFs ibthesams dirggtion ahthe sveb substratsat the gere gevery peaslythesamesrstd be

used 10 conjal oRadOk i 3015 Kb 0SS el LithdusA: A yoons! st ency

across a car %he enbodi ment of a screen printing nechanismis described in

nmor e det ai | pushed Igsthe dquegggsH06 tawatdsxhe web heagmingslightly distorted nathéschapyensef er ence

herein. In rtjcula i,n carbon print .statiaon 103, the ink in question is a

carbon i nk. oy erdpiig RN Bistedl uRbE i eodreessofod BFanded BR% Dot ow

In this enbeeienBol tiRh nidves inahd 6pakitd diveetibn Lthe SHEEANasIOE relsadddomidadkwi t h i nk

604 prior to using. squeegee 606 tQq t“ﬁnsfer the i nk 604 through tﬁg screen
o fWeighs

and ont o suf¥tTeadyelfopihs nextpeinteycle SHhenhg Bk 1njoadisiqpto e seresn trate
242 i's thenyfhl o M8 S sofsﬂglrltg}i(@éﬁﬁlﬂ?e schh. ®hd s%en%épgdﬂ'aﬁ%él@% fgto the

printed surface of the subs e using four separate drying banks within the
first drierdirecbomofitavel$18ci theswel dsibleaves g nrmt stefian. ddissdrtangemdtit (the engle .
Suitable ink.for in ¢ i nt tion.Lnhel 0 i,s not limted to,
car bon vi t nooEpmtify duiPCRIPAdes Btb Rt Mical gl 3 BB L

pal | adi um bagolves drilchebhsevieonp thest@bh ento itliksaibstdate ¥praidpriid def@dtion and

PCT/ GB2003/ 004656, | n one enbodi nent. of the present invention, prior to the
carbon pri ntePigugiPibiteskhe seiven toshstiptapREls sqpqegse agply; sqEpen 0 gutesss Ustas: | s

passed oversgeddet & privhtidilbSbstiBh,|s8dp ddidncditallve 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.

In particular, in carbon print station 103, the ink in question is a carbon ink. An
example of a suitable carbon ink is set forth herein below. In this embodiment of the
current invention, screen 301 is flooded with ink 604 prior to using squeegee 606 to
transfer the ink 604 through the screen and onto substrate 242. The printed carbon artwork
deposited on substrate 242 is then dried using, for example, hot air at 140°C directed onto
the printed surface of the substrate using four separate drying banks within the first drier
zone217, which is illustrated in more detail in Figure 12.

Suitable ink for use in carbon print station include, but is not limited to, carbon with
metallic particles, silver/silver chloride, gold based, palladium based conductive printable
inks.
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designed to rapidly cool substrate 242 to a predeterm ned tenperature,
typically room tenperature (around 18-21 C and typically 19.5 C +1- 0.5 O).
I n one enbodi nent of the web nmanufacturing process according to the present
invention the surface of first chilled roller 212 is approxi mately 18C.
First chillwo2n@lohes7 212 maybe cool ed to an appropri at e PQTeGRE83A0¢65€ usi ng,
for exanple, factory chilled water at around 7C. The tenperature of the
roller can be controlled by controlling the flow rate and/or the tenperature
of the factory chilled water. After the printed carbon patterns are
deposited in the printing process, substrate 242 is passed over second
chilled roller 218. Reducing the tenperature of substrate 242 and

mai ntaining the te €,.0f S trate. | fici ol er
tenperatures r educerig%glﬁé‘%%?dé%g'giolyl fr%lgl%i“ﬁ& H!r)‘)?iipﬁgpgonth%k%{)%lpcé eeng%{:ﬁf%?sng
printing andnd dhaediately dffeoddying) subkthute 2A2SiE pastébowes @ fimdt chilllied fetldr 210 Whichis n a
web manuf act uri ng process .accordi to the present invention_ is also
benef i ci al E‘E%é‘tfgé‘_’ FapILE Gl SUb TR 2 ?rmmre%emg%dé@eaer?wr% BRLERRf42,
reduci ng regisidatle Qo -2 AadyibayNeerCl-Q- 0Bty Yinbhe cRb&fiSeH of @it t he
fly to conpensate for such problens. In one enbodi nent, the tenperature of

t he chill ed weblnhasufaciusing pracessl dcending jotherpreagnt invieytion the sutfase R fisbehieshsur i ng
h np . ' I d i )
Lhe tenper at {S'ﬁe% 2(1)5 éq@&o&ﬂh{tﬁ%ﬂ?@ ﬁﬁgflﬁﬁgd mﬁ?ﬁlﬁ%%y’l &%Bﬁgt te rpéorPnate

rovv/terrperé ur é. of" ¢ ing the roll' ers can Vi saged by
t hose ski | | eemperatineasing] fot exmmyilé)€actorh okillabwhisr slesamd 780, Tke emperatuee o xanpl e,
electrically, powered refri ?ergti on uni In a pr cetﬁs according. to the

[

ts.
present i nveﬂi*ﬁ_liO f‘ﬁcagé’ﬁf’f’%?? lgd 8Y cenire Hh‘? flem fate &t 71 they pPsgEs o e pher e
i nsul ation Fadidty Ichled W4RS. PhSUR prinfedS@foh PRtténs drBQepdaned ﬁ&h@%ﬁmﬁ!{gt work for
the el ectrochenical sensors manufactured in accordance with the present
i nventi on i Pronessnsubditaie 242 isinagped oy@eecopd chrllpdiepllar 218. Aedycing Sernenpgrptyref | at
screen. The hasi nts.. ' ' ' tat LOF e
1 st at od AT P2E BT B yfthg heSerhRRituBbr bl Dy RuBhiRil OLE,
accor di ng t @obleetepihemari¢s redicenthe probabitityudask drymgroadine Sockns dbrparingng ahd
roller 303, pri.nt_roller 600 fl ood k] ade 603, a ueegee .hol der 605 and a
squeegee 6067TeRS Placks atheinesh, ?}i‘ﬁusg Pg't’}}‘h‘ﬁi rpHors 1 ?’Vﬁg g}aﬁ?tg%tfm%ﬁmf“?st hird

print roll erycdgding tolthe Yes& Yl/eRIBAS 41s66ddFBE DIk L edRes 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.

In one embodiment, the temperature of the chilled rollers is controlled
dynamically by a feedback loop measuring the temperature of the chilled roller and
controlling the water flow/temperature. Other methods of chilling the rollers can be
envisaged by those skilled in the art from the embodiments described herein, for example,

electrically powered refrigeration units.

In a process according to the present invention, section 4 of the web
manufacturing process is where insulation printing takes place. In section 4, the insulation
artwork for the electrochemical sensors manufactured in accordance with the present
invention is printed utilizing screen-printing utilizing a generally flat screen. The basic
components of the insulation print station 104 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 insulation print station 104, print roller 600 is third print roller 221.
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In a fl ood 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 600, and lower print roller 303, in first direction 608 which
corresponds to the web novenent of substrate 242. Screen 301 is noved in
second di r s 2004104637 opposite to first direction 608 of PCEGBW3/814e56242 f or
the flood cycle where ink 604 is charged onto screen 301. In a subsequent
print cycle process in accordance with the present invention, as
illustrated in Figure 7, squeegee 606 transfers ink 604 through the screen
301 and onto substrate 242. During the print cycle, the squeegee 606, flood
bl ade 603, print roller 600, and |lower print roller 303 all 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

nmovement of substr ad gf184@cydde proteds i dcedrd 46 Weth\ilepresentiny Oilibn) SrdedShE
t hrough screen 301 and deposited on substrate 24 i ment of the

t 2. One enbod
screen pri nehaged Wﬁ,f_biﬁhﬁ% Ry F@V%§8Fq65%?ﬁ0ﬁhﬂ‘?ﬁ§{rbéad§ép§i prigt golleg 60 qUOWsAL ent
4, 245, 554 hitohet 30808 QRGN ¥ WHRHRLERGENRIb Ad\vel RolBAPLAublife SCT een
printing, during printing a generally tlat Screen has a conponent of its
nmot i on whi cR42.sSdreent30¢ isameeddin semnd dmeciinnl 6@if oppopitoboi firsttdidegtian®8sdfine  speed

as the substrate. i cal i n each aof i nt.station the substantially
flat screen SP@&atgtzz{%ﬁ’rgl&fb%Odé’H fjlleé”ci’(ef %g(ﬁeﬁ Eﬁ‘gg%% onte, S‘Erﬁeé‘%sodbst rate as the
screen and substrate nove away froma printing position (adjacent a print

roller 200 in figure 6). Varying the relative speed . of the substrate and
the screen varies thasdissaicgf PRfEYee PIRcess in apagrdanss Withethg present inygntiamn, &5 avel

of the substjialfedin Iq%urt: hﬁcﬁé’egée@ 866 Eﬁ}ﬁfe{s_ﬁgﬁ 664 ﬁﬁ‘ﬂéh tﬁf§c?@e'ﬁ 309 %ﬂ%{)ﬁlo each of

the print stations typica consists o resiliently deformabl e pol yester
or steel neshbsghtedtZhBurivgtheprinbcyiksdtht squaegae®0a, flocdindade@0?, primbindldt 6t uses

a pol yester screen_suyppli by DEK. Machi.,nery: ut.h, UK. .The. nesh is
cont et wi + n o Yot <502 8 Povs e e AT T toPRoste R R BBes ¢ 1 ve
the screen mdeBXROS Sehsirite 242NVSErb@B01 306 €, in diest Alro@Re 688 tvhibhi Retes§Pnidat t he
coating dries on the screen to forma negative of the desired artwork

i mage. W t h 9 #e web anqypmgntoy suksgate 242 i thepting gyqjgyvherg Anloois pushed through
PCT/ CB2003/ QQ48Pf1 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.

In movable flat screen printing, during printing a generally flat screen has a
component of its motion which is in the same direction and at approximately the same
speed as the substrate. Typically in each of the print stations, the substantially flat screen is
at an acute angle (A in figure 6) to the substrate as the screen and substrate move away
from a printing position (adjacent a print roller 200 in figure 6). Varying the relative speed
of the substrate and the screen varies the size of the printed image in the direction of travel

of the substrate, i.e. the X-direction.

The stencil screen used in each of the print stations typically consists of a
resiliently deformable polyester or steel mesh stretched and attached to a rigid frame. One
embodiment uses a polyester screen supplied by DEK Machinery, Weymouth, UK. The
mesh is coated with a UV sensitive coating and in conjunction with a film positive the
screen is exposed to a UV light source, developed and dried so that the coating dries on the

screen to form a negative of the desired artwork image. With the aid of a squeegee, ink is
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passed t hrough the open areas of the stencil and onto the substrate (giving
a positive image forned by the ink on the substrate). The frane provides a
means of nounting the nesh, and withstanding the forces inposed by the
stretched mesh with mninmumdi stortion and wth standing the additional
forces produeaw+tiied’ng printing. In particular, in insuPaTiGHA0BHOP4eE6 st ati on
104, the ink in question is an insulation ink. An exanple of a suitable
insulation ink is set forth herein below, In this enbodi mrent 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

i nsul ation artwork deposited on substrate 242 is then dried using, for

exanpl e, h 'qmg£ i i ié%g% . bstrate
usi ng fourqggﬁgratégﬁégghg”ﬁiﬁﬁgﬂﬁﬁgﬁgﬁmggggﬁgkgyggg%ngn ﬂgﬁﬁﬁﬁﬁ?c is

i |l ustr at edformedinyr the thistomithe $ubstFatel rTthe fidme Ao videa apheano6f mownting did meshnk f or
use in insulatign prin ation in, .a b nyf act urj ng process .according to
t he present an%iVﬁ&gﬁgﬁqlﬂ%h\ez&ﬁ%ﬁ?oﬁ%}lw&ﬂ%i@r@%{f nﬁ%ﬁ%’?ﬁ‘ FF'E%‘?%@WOWH? i ch may
be pur chasegith st@find¥he additidraC forédd peoiRiceThom) gﬂﬂﬂing&)f the invention,
insulation artwork 1s registered to the carbon artwork in the X direction
(along the machine) and the Y direction (across the machine) utilizing the
techni ques describ N i 8f 1651 ;atk | I f ; Miilized
as wll be understgg) yﬁ#hgse SEP?P§§%?ﬁ8§%%’gg#ﬁgPgﬂ¥%ﬂ§l%g§ggﬁg?#%n
herei n. Fuinkhdmresampldiof 4 aritahle ihayatios inkris ekt fidrthy leme¢in beldwr sInothid eytedinenan be

used to provide a djfferent _or . l,ayer,s. therefore different
const ructi ot Peo et Bk oL i NoonBFIF Ref bHE FuRifetiorbiMRtn, o
t he present trardfee ki 60A thrbedtohe sérbé dnd Ddtoatubste@42ntThe grinted ek Homeyork

i mredi ately_ after drying, substrate 242, includin%Pgninted car bon and

i nsul at | on’ $REsiked 08 sibsiats 242 asfthen, dred ysinggios Frample DPbHAT a1 491gdisgscdipnies
designed to i 1 t i ure

Cypl cally roeprhELKEeOLrus WS (Sipk Hr s PASHEIRNE PRADSRERENSSC < o
| n one enbodingBd4, vdfich ik dlustitedrarmbmcletailimbigpredde g exampber afiarsgitabde inkdorpr esent
i nvention, the squace t§nﬁfrature of the third chilleﬂg{qlgsr ist

appr oxi mat ey 1 BEUIaG Bt o B W PP REngROEE A05uPEE 1 825 pr opri at e
t enper at ur einvétgionds Eicod EeXanplodet Black Msylayeh Ik el cviila @ be plircadsed idm/ C.

Reducing the tenperature of . substrate 242 and maintaining.the tepperature
of substrat E°9% ?-slnwaﬁsmgedlanentﬁéé%%&e@aﬁ%ﬁu?at@e AREPE S resdstyrediiodes t he

probabi | i tyc@bon divotkt i tRIXAUIreb i @lohS eRmRRReFddahd VaiRLQKAchE thbe
machine) utilizing the techniques described herein. Other types of insulation ink may be

1€

utilized as will be understood by those skilled in the art from the description herein.
Furthermore different layers or different orders of layers can be used to provide a different

order of layers and therefore different construction in the electrochemical sensors produced

In one embodiment of the present invention, before the insulation printing
process and immediately after drying, substrate 242, including printed carbon and
insulation patterns, is passed over third chilled roller 219 which is designed to rapidly cool
substrate 242 to a predetermined temperature typically room temperature (around 17-21°C
and typically 19.5°C +/- 0.5°C). In one embodiment of the web manufacturing process
according to the present invention, the surface temperature of the third chilled roller is
approximately 18°C. Third chilled roller 219 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
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19 WD 2004/ 040287 PCT/ GB2003/ 004656 nmnesh. The use of chilled rollers in a
web manufacturing process according to the present invention is also
beneficial because it reduces the anount of stretch in substrate 242,
reduci ng regi stration problens and the need to nodify the process on the fly
t o conpensaW® 20044H0%8iich probl ens. In a process accor di ngpaGBIvE3/ @IES ent

i nvention, section 5 of the web manufacturing process is where the first
enzyme printing takes place. In section 5, the enzyne ink artwork for the
el ectrochem cal sensors manufactured in accordance with the present
invention is printed utilizing screen-printing and a novabl e generally fl at
screen as herein before described. The basic conponents of the first enzyne
print statiogn.l are . illustrated in Figures 6 and 7. | rticular, a

Ui tabi e priogt ahs brecef e FeleR R bor PreeeteBling oA drrorBRE R e Bteda e cen
301, lower piedtioni9hlkebendfidal Hecaudt itireducey thé&Bound of stexth ihlsaskerae032, a

squeegee hol der, 605 and a squeegee 606. In first enzynme print station 105,
print rol | efedg@pg registralien rrablems Ard the peedito mpdify the progep & Jy[te compsRgals | n
accordance W thienehesent invention, screen 301 is charged with ink 604
by novi ng squeegee 606, flood blade 603, print roller 600, and |lower print
roller 303, in first direction 608 which corresponds to the web novenent of
substrate 242. Screen 301 .i5S Lh_secan irectio opposite to
first direction 60§n%Pmmg%Sngﬁgéﬁg%ﬁp?%?ﬁﬁﬂgmg?b%%aénggg%ﬁgge ink 604 is
char ged ont masdfheearingprbcess 13 whesaiths dept emtynprprinting takéseplgdeo de s&tibm s ahe or dance
with the present .inventjon, as il]Justrated in Figure 7, squeegee 606
transfers. | FEYBATE HEOTS foHthR clegostmise) peip SRR AL o ng the
print cycl eprebfi@ i aneRaAS prifPutill iOrd2h pAGHEDAd aRhdable!gdhédily A Qcreeitd | Over
print roller 303 all nove in second diréction 607 which is opposite to the
web  novenehereipfbefard descabed. PhpbasGoompanatsiofite firshasdyme pfintstatiodil Peawei on 608
whi ch corre nds, . t.0 t he V. f .24 r_1.h Lnt, cycle
B o R S A A S D T T N TR
One enbodi maventivn ihdleds arseeen Poli, idwen Grintvolterai0B,print Solke6QD; hifledd bladereogadet ai |
n Tssued UG Ralehtdl 8 ind3 balbtesdode’ h BRPEESAAE oor sohE e B06 ™

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
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.

In a subsequent print cycle process in accordance with the present invention, as
illustrated in Figure 7, squeegee 606 transfers ink 604 through the screen 301 and onto
substrate 242. During the print cycle, the squeegee 606, flood blade 603, print roller 600,
and lower print roller 303 all move in second direction 607 which is opposite to the web
movement of substrate 242. Screen 301 is moved in first direction 608 which corresponds
to the web movement of substrate 242 for the print cycle where ink 604 is pushed through
screen 301 and deposited on substrate 242. One embodiment of the screen printing
mechanism is described in more detail in issued US patent 4,245,554 which is incorporated

by reference herein.
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20 CVO 20041040287 PCT/ CB2003/ 004656 |In particular, in first enzyme print
station 105, the ink in question is an enzyne ink. An exanple of a suitable
enzynme ink is set forth herein below. In this enbodiment of the current

i nvention, screen 301 is flooded with ink 604 prior to using squeegee 606 to
transfer tHEORMROBQE t hr ough the screen and onto subst r RCE/GB2R3/0T$86 pri nt ed
enzyne artwork deposited on substrate 242 is then dried using, for exanple,
hot air at 50C directed onto the printed surface of the substrate using two
separate drying banks within the third drier zone230, which is illustrated
in nore detail in Figure 14. An exanple of a suitable ink for use in first
enzynme print station 105 in a web nanufacturing process according to the

present invention as n TabJ lg 2, . EB= { ucose Oxidase
Bi ozyne Labor at or i %‘ ﬁﬁ?@‘% Sty Stﬁtllo ’@c?i"g(nlfliq*l Shon i OB

Fi sher Sci dfk.i Mx@xﬁﬂﬁbw offa Mtabléleﬁghﬁﬂ mﬁhmfoﬁldleieﬁhbelddydm@xme&ﬂnbbcﬁmbhtul ose
(Nat 250 G Honeywel] and Stein_ BDH Merck LTD Sig I ch Chem cal Co.,

UK Pot assiUfaraxisatiaketions ssresn pol rsmpﬁ%vv%%mﬁea?rsto Eﬁ‘&g SqueRETE08 500
Ant i f oam Bl Mer |én'ﬂ$€04 {HRRBR trle sElebd Shatihth Fyaras mitﬁegﬁeﬁvw Conpany Ltd

Anal ar Water BDH Merck Ltd I'm one enbodi nent of the pr t 1nivention, after
t he i nsul atarty&rorlpdmmmw@mlbm%hﬂdlen driediidng for eafmple, lmtyllrngSOTIdge@@Fbst rate

| ud d r.b |
Four th chi 1RGP Rl SygRef bR bg R m R R ok S RTRERAL ' 54

to a predetcﬁremzdsmdm,avme}fﬁﬁlwsaatb&m maﬂeldytaﬂ(immgh&rmematexmp(eaifaumdable? 21 C

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

the present invention as summarized in Table 2.

Table 2.

Glucose Oxidase " Biozyme Laboratories

Tri-sodium Citrate Fisher Scientific

Citric Acid Fisher Scientific

Poly Vinyl Alcohol Sigma Aldrich

Hydroxyethylcellulose (Nat 250 G) Honeywell and Stein
BDH/Merck LTD
Sigma-Aldrich Chemical Co., UK

Potassium hexacyanoferrate I11 Norlab Instruments Ltd., UK

DC 1500 Antifoam BDH/Merck Ltd

Cabosil Ellis and Everard Ltd

PVPVA ISP Company Ltd

Analar Water BDH/Merck Ltd

In one embodiment of the present invention, after the insulation printing process
and immediately after drying, the substrate 242, including printed carbon and insulation
patterns, is passed over fourth chilled roller 225 which is designed to rapidly cool substrate
242 to a predetermined temperature typically room temperature (around 17-21 °C and
typically 19.5°C +/- 0.5°C).. In one embodiment of the web manufacturing process
according to the present invention the surface of fourth chilled roller 225 is approximately
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typically 19.5 C+-0.5"C .. In one enbodi nent of the web manufacturing
process according to the present invention the surface of fourth chilled
roller 225 is approximately 21 WO 2004/ 040287 PCT/ GB2003/ 004656 18C.
Fourth chilled roller 225 nmay be cooled to an appropriate tenperature using,
for exanpl 0 Pae4638y chilled water at around 7C. Reducirgr/Ghmot/eagssr at ur e
of substrate 242 and naintaining the tenperature of substrate 242 is
beneficial because cooler tenperatures reduces the probability of ink
drying on the screens and creating blocks in the mesh. The wuse of chilled
rollers in a web manufacturing process according to the present invention is
al so benefici al because it reduces t he anDunt of stretch in substrate 242,

reduci ng 0 the, roc on the

fly to corrpz%b; hoﬁugcﬁo pr o 3 c%&?g Erlpé)irgvn%e ? 5"5 wat er

content of E}'(E@l}ﬁtﬂ Tyoeayichitled Makter heoranfdf?P@\ARe@lumgttbe teh@ermneaﬁmbstmie 242¢

screen, it is crucial to ensure that the enz;gE i nk.does nog dry into the
e t

screen. Theakrdmaiptajnang ths feragerafise of sebsae efet beyeliiod daglte GO SE BB tSes t he

ink on the JGEQeHRE reba?ou'im@eﬁc &he aemue%sqﬁa efe\éesi%]mecﬁsluﬁhemh Sgeen
printers (such as Thiene | at bed printers) since the screen itself does

not nove wi e of chibled mllshs i mel walnhiriuiactitieg ppcessancoriling énthe presenhinvggtidn ias t he
o e 162 556 palduEdl L i s Soel the SRS L O MBS PLS JeBpesfiP) PO L0

around 18C B&fSFE Tt encoun € enz Screen- rln t he screen
| oaded wi t hrepisuyitién proklehss ahd thedietd ﬁdndhlﬂylﬂmgprpcesmbm thg Alyl ta cﬁmpenezitb&dism&nt :

hum dification is substantially continuous. There nay be topside, underside
and/ or si deP®OkEEN hunidification and indeed all three maybe provi ded. An
arrangenent of pipes provides a substantially constant stream of hunidified
air above, bel ow and sideways onto the screen respectively, ensuring the
wat er content of t Helditidoally,sluats the highedteacontes of dreeneymeipkiand the agfipwabl e

arrangenent 0 rovidin S|de i nd i

hunldlflcatld%&tgc%%yﬂn E %abyésenéﬁﬁgven |é#¥?€ @5?1 @f%#%BOUkyFlgures

3, 4 and 5. niEdS\meammmﬁmdatlwﬁmwmbomerémm thie tovitig mem&mahe( inkphcal | y
upon the

pi pes carrylng humdified air mﬁ | depenpd, ngst ather t .
amount of h{HiSEieFR Pt MARRE eau%qre'é y Qg vgndlat BeheRien pERCgohian ] hiepe
hu 81 fll t%/ an@af RARRIALY sl thelsBfRed HEAUSBIAA thod Fwithi ie HRABREE, ableanof the
substrate

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
is substantially continuous. There may be topside, underside and/or side screen
humidification and indeed all three may be provided. An arrangement of pipes provides a
substantially constant stream of humidified air above, below and sideways onto the screen
respectively, ensuring the water content of the ink, is maintained at a constant level. A
suitable arrangement for providing topside, underside and/or side screen humidification
according to the present invention is illustrated in Figures 3, 4 and 5. The amount and
arrangement of humidification means (typically pipes carrying humidified air) will depend,
amongst other things, upon the amount of humidification required, the water content of the
ink, the humidity and temperature of the surrounding air, the temperature of the substrate
as it approaches the enzyme print station, the temperature of the print roller, the size of
the screen and the exposure of the screen to the surrounding (unhumidified air). In one
embodiment a pipe 304 comprising one or more rows of holes 400 delivers humidified air

across the whole underside of the screen during one stroke of the screen back and forth.
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as it approaches the enzyne print station, the tenperature of the print
roller, the size of the screen and the exposure of the screen to the
surrounding (unhum dified air). In one enbodinment a pipe 304 conprising one
or nore rows of holes 400 delivers humdified air across the whole
under si de oWOtZaet/geBeen duri ng one stroke of the screen HEREBRMORGHt h. 22
WO 2004/ 040287 PCT/ GB2003/ 004656 Pi pes (not shown) above and to the
operat or side of the nmachine deliver humdified air flows 300 and 304 (see
figure 4). Typically all the enzyme ink required for that print runis

pl aced on the screen at or prior to the start of the print run. Since the
enzyne ink is conposed of a large part of water (typically between 55 and
65% by weight, nore typically_ around 60 % by wei ght, he ink is prone to
drying out &St (ohghop) dhaVRaHG 1o i ebereier mgﬁﬁyféhermg@?%#? iyer bynpdifiedeed by
provi di ng hughgishh G 30(séd ReRelay.he screen | oaded with enzyme ink.
Alternatively or nore typically in addition the substrate can be chilled
prior to encountering the enzynme (or indeed any) print station by the use

of chilled rollers . { i o Typical |y, . I t he
substrate is contr g?ﬁg%%{ %l @g%i éssie l?ﬁgeﬁu%ér@%gﬁlg* H?%Qﬁlgtp?%gngéx?a‘éﬁ%g?% f t he
room Howev et pridrhethe atapeif dlicprint ofn. tSieceshidxsizyrat mkiis chiepisedbdyargelpartdéw poi nt
for the atnosphere

in the rqom Lf the.roomis at_ 60% hymidi then the dew
ol nt ray beai (tgpicalstbepyien TR St TR SEBED AR AT L OVRFE ¢ i <
then, condefngahit RPr&RMo 85 o BvériBe 1ifeHaS b @b fu OfESHidkdah e GRERAENBHEI NY any
subsequent print run, especially any subsequent print run with water

sol ubl e i nk psayidinglemadifigation aigundthesaresh lesded with sugysne ink Altangieelyoamere f or
exanpl e bet he J.i.m t i n t herefore
be inport a\r‘;ﬁ)?%gﬁ' maadg 3@8@@%%&%?%&?5‘?@%%%? %Pgocl)]g ?e?%‘g‘peeréélmg‘g%éf and/ or
ti me passi n@gndesdiny) phimtlskatidn be thearss oPdiFlled2ders 22t5ereinddscziBad. | Bypidafipteant i n
controlling substratg t enper at.ur e. @ fieg%a Kk contrfl etLoop can be_used to
measure t he 'SHGEXHEL ﬂlﬁéﬁ%&ﬁ%ﬁlﬁf@ﬁp 7 @085 Ean PRPE (Pt BTPRENBBHNC

t enper at ur e g/ Hwed @R At AperbibicdThd HiBstfaRANk&pt AbETdhd ddw hOinERPEO!  the
tenperature of the chilled rollers and the tenperature of the substrate as

it | eaves t lamosplrs wrtheregma pithe saoneis at ¢ henidity thentthe dewt point m@y uke"QC i s a
schematic d ilfal‘ﬂcra %%pgrea ireC E)f fid s&bes?r%ge(%zrﬂls%e%r\;vdﬂuss%ﬁetni, gtpndzns%&or? can ol%cur 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

chilled rollers 212, 219, 225, and 231 is important in controlling substrate temperature. A

feedback control loop can be used to measure the substrate temperature for example

relative to the room temperature and/or dew point (given the room’s humidity) to control

the temperature of the chilled rollers and the temperature of the substrate as it leaves the

roller and approaches the next print station.

Figure 2C is a schematic diagram depicting section 6 and section 7 of a web
printing process according to the present invention. In Figure 2C, Section 6 is second
enzyme print station 106. Second enzyme print station 106 includes fifth chilled roller
231, fifth accumulator 232, fifth print roller 233, fourth vision sensor 234, fifth drive roller
235, fifth drier zone 236, Y registration system 237 and outbound nip roller 238. In the

embodiment of the invention illustrated in Figure 2C, section 7 is rewinder unit 107.
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printing process according to the present invention. In Figure 2C, Section 6
is second enzyne print station 106. Second enzyne print station 106
includes fifth chilled roller 231, fifth accunmulator 232, fifth print
roller 233, fourth vision sensor 234, fifth drive roller 235, fifth drier
zone 236, YvOewiseioesti on system 237 and out bound ni p r oPCEIGB2BE/00466 t he
enbodi nent of the invention illustrated in Figure 2C, section 7 is rew nder
unit 107. 23 WD 2004/ 040287 PCT/ CB2003/ 004656 Rewi nder unit 107 includes
steering mechani sm 239, first rewi nd arbor 240 and second rew nd arbor 241.
In a process according to the present invention, section 6 of the web
nanufacturing process is where the second enzyne printing takes place. In

tion 6, twork for th hemi cal
anut act ur e VPELRE ARG bR EebdE 470 RV RE G 1 24D BT B8O 111 21 ng

screen- prln}mﬂgdmﬁbeynurpose of applying 2 coatings of the enzyne ink is to
ensure conpl ete coverage of the carbon el ectrodes and so that the
el ectrodes are substantially even and free of voids. The basic conponents of

the second enzyne H?Egﬂkes%ta@édr&lﬂg {PfBe PreBedt idvesidndb&toh B oFduis 6 and 7. In
particular, a suitable print station according fo the present invention

i ncl udes a mne@ﬁuﬁ@.pmb&smrwlmﬁ ihe seaohd enzy8EPrintipg takes platd. dn s@bion 64hé | ood

bl'ade 603, % ue?lggrg\mr% rfgrgbeéggéu%%ﬂ?xf%al AR ﬂ%&rm?aec?urgégn r?c?gr(agndc?el & print

station 106° prln cycle
process in @ﬁssaft@mmm phnted etilieg &ndenipineng. | Tie pugsose efiagfdling 3 coalifngf ged

with ink 604 novi ng, squeegee 60 fl ood bl ade 603, pri roller 600, and
| oner prinoft ﬁ@fmegglgm Pﬁnwer%qm PP ERYETasH 0&%@ W%Peﬁlee'a?f?eééb&ﬂj@atﬁbet he web
novenent of oflfsdes %%ubs%ﬂl%allys&fe‘ﬁ%ﬂd £8d of voidO Vit bhdlc S&f Q'o? ffelsb@Rd 607
opposite to first direction 608 of substrate 242 for the flood cycle where

ink 604 is echampauindsietiorsidibaesniligerated in Figusestisaad e dn ppitichlar, @puitableprotess in
accor dance u ki |G RS Bl L NERL 0B, Al | LYSLIRS OfhcPoEl O£ ags Saueegee

606 transfers Th e screen Tont o 42. During
t he print C)pﬁhEnollél’r(E)OquﬂlﬁﬁgﬂﬁleGmB a §queepde hbldeter06 @3d apqmd&ged@%l & se60fd and
| ower print roller 303 al] nove inh seco dlrec5%02%€07 which is opposite to

the web noVEREM PEf statignst Qo prant solier 669 15 PRy T ed in first direction
608 whi ch corresponds

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,

In a subsequent print cycle process in accordance with the present invention, as
illustrated in Figure 7, squeegee 606 transfers ink 604 through the screen 301 and onto
substrate 242. During the print cycle, the squeegee 606, flood blade 603, print roller 600,
and lower print roller 303 all move in second direction 607 which is opposite to the web
movement of substrate 242. Screen 301 is moved in first direction 608 which corresponds
to the web movement of substrate 242 for the print cycle where ink 604 is pushed through
screen 301 and deposited on substrate 242. One embodiment of the screen printing
mechanism is described in more detail in issued US patent 4,245,554 which is incorporated

by reference herein.
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to the web novenent of substrate 242 for the print cycle where ink 604 is
pushed through screen 301 and deposited on substrate 242. One enbodi nent of
the screen printing nechanismis described in nore detail in issued US
patent 4,245,554 which is incorporated by reference herein. 24 WO

2004/ 040287WPCH4@BP2ED3/ 004656 | n particul ar, in second RTAyBAOIN0KGE St ation
106, the ink in question is an enzyne ink. In this enbodi nent of the current
invention, screen 301 is flooded with ink 604 prior to using squeegee 606
to transfer the ink 604 through the screen and onto substrate 242. The
printed enzyme artwork deposited on substrate 242 is then dried using, for
exanpl e, hot air at 50C directed onto the printed surface of the substrate
using two separate dryi banks within a fourth drier zone 236, which is
illustrated in nor iﬂa@{lg}q& Wr?ecqﬁfié’ﬂ?%nﬁﬁ?mﬁﬁ“%&é%gﬂ&‘ﬁk‘%q‘@ﬁq“t“dﬁﬁ‘é ink for

use in SecopshyRRANICINRA BhbSdifkbhtAT tHQirleft ihitition ABReR301 1161088y WEn Itk used
in first enzyne print station which is described in aforenentioned Table 2.

| n one enbofdheuar topsingsqupeaes 604 toj trapster theink et thjougihthesereemendeniy e printi ng
process and_i,npedi r.dryi [ i udi rinted
carbon, inU SaE“lcg?\%'eg%eﬁ{é]%e?yenngw?{%%%B(gg([ag?%g?é%’%a%gtsrétée%@oilsggnfﬁetﬁ %S@ﬁi |l ed
roll er 231 ¥étierlmpls, hoteis aigF08d directedhmito khe peiaadd saifietof decsuBdzhtd Wsigg two
predeterm ned tenperature. |n one odi e of. { he web nuf act ur.i ng

Dl ocess. acc ST ETHES gH SR O TGHE PO H¥ebigh FUESBre R R SHHH TOhi 1 1 e
roller 231 ipgadDs. 0 SRRl hEGitabté inkFoiohie il &Lodddnzme gkt iBHNRG6 g0ALed to
an appropriate tenperature using, for exanple, factory chilled water at
around 7C. Redees thyonzyme inkaippd Hefinst @zpme punfstation avhichds desgribed int ai ni ng t he
tenperature 2 is beneficial because cool er tenperatures
reduces theag%%%agﬁﬁéﬁ%ﬁgﬁﬁink drying on the screens and creating blocks in
the mesh. The use of chilled rollers in a web manufacturing process
according to the present g ven&ig can %Lso eb nq&icial because .t reduces
the anount of st rdB8A° 7 <At P thg Pogyent ipveriion. aier the pacppd eiZ3Re PABE S s and

the need topmReisfad i@ editelsager d9ihg! e sisitate 042 GRNRIIE2pEntEPEarboh probl ems.
Addi tionally, due to the high water content of the enzyne ink and the
airfl ow sulation, 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
according to the present invention can also be 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. As well as the chilled roller alleviating this by ensuring the substrate is
cooled to 18°C before it encounters the enzyme screen-printing step, there is also topside
and/or underside and/or side screen humidification, which can provide a stream of
humidified air above and below the screen , ensuring the water content of the ink is

maintained at a constant level. Typically the humidified air flows constantly over the
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due to the novenent of the screen, it is crucial to ensure that the enzyne
ink does not dry into the screen. As well as the chilled roller alleviating
this by ensuring the substrate is cooled to 18C before it encounters the
enzyme screen-printing step, there is also topside and/or underside and/or
si de screerW@amwH@iRscati on, which can provide a stream CT/GRAv3AD46Fed air
above and bel ow the screen , ensuring the water content of the ink is
mai nt ai ned at a constant level. Typically the humdified air flows
constantly over the 25 WO 2004/ 040287 PCT/ GB2003/ 004656 screen. A suitable
arrangenment for providing topside and underside screen hum dification

according to the present invention is illustrated in Figure 3. Second enzyne
print station include out boun inspecti.on system
D7 or sl ATy SEpe Rt IOY R PrsiRpf pfdiioe R BRRRIBRA !

shown) - and #esdaao SieqireRAt inhéitios FAWastratedih Pipure3.ni p rol | er 238 hel ps
control the tension of substrate 242 (specifically the tension between

i nbound nip roller 206 and outbound nip roller 238). Substrate 242 is
removed from second enzyme print station 106 at a constant rate by outbound
nip roller 238.. The Y registration system (not shown) at positons 237A,

237 B and 237C conSeaind enzbenerprh]eghémbﬁﬁmwi@bluéeoubmmd&inw@ew@@ of each

print cycle. durj tiliz fgrst Yre rks
Dh0%, secontRrengn e 2l nticetibh bl g Far St A pa R 851 03,
fourth Y regiosil) aid BicdistefioR (Hdfshing.hOatbeurd rhpsdlreaizwhdm coﬁtrgl tBd Ansibim one
enbodi nent of the invention, rst Y registration marks 2101, second. Y

regi strati off sehtase %@dzpectﬁﬁa}lﬂﬂw tensign betneen ivbhowd wip rollen306 ardputhavnd pipy
regi strati op,gpsdes. sty 1&9&1’6@&139&9 sedoBd BEShle \aiﬁnostaﬁd?l ltda%t ¥ chR@pt ration

of carbon print s ation 103, insulation print st n 104, first enzyne
print stati mte Bo&itbcaamd nmﬂmﬂ%nzﬂmﬂ mgistratint gysieor(notsbewnEs hsitons 374t ration

T w8 s S L ABRRE S DAL BB
| ocated at P@QﬁlgtHmeﬁle@% i3y Eegmdn&&iﬁ}keamlbeedoﬁ@IYaﬁgeﬁzemnbxyarmmz; r omat

DGC650 from. Eltromat Grbh. in Leg{pol dshohe, I n one enmbodi nent of
t he present MiVeragisgation marks AL fqurthy’ %Fé‘i‘ﬁ"z@%‘ s wich prgpilustraled @Y usi ng

the El tromagigl] 3pag bhe BmbYdeibof BRAB enfiiT RS Yicakttidinact®b £, b&ond 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
positions 237A, 237B and 237C can be implemented by an Eltromat DGC650 from
Eltromat Gmbh in LeopoldshGhe, Germany.

In one embodiment of the present invention, the inspection system 237, may be
implemented using the Eltromat Inspection System, model number PC3100 HD, which is
commercially available from Eltromat Gmbh in Leopoldshéhe, Germany. The inspection
system237 has a vision component that inspects the registration marks illustrated in
Figures 17A to 19D and/or figure 20D and can be used as a tool in assessing whether a
sensor sheet 2106 should be rejected (for example by recording inspection results against a

barcode in a database).
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commercially available fromEl tromat Gtbh in Leopol dshohe, Germany. The

i nspection systenR37 has a vision conponent that inspects the registration
marks illustrated in Figures 17A to 19D and/or figure 20D and can be used
as a tool in assessing whether a sensor sheet 2106 should be rejected (for
exanpl e by WOc6HdH#g87 i nspection results agai nst a bar cddd/cBR0@/Mded5abase) .
26 WD 2004/ 040287 PCT/ GB2003/ 004656 Registration issues in the Y dinension
(which can be altered during printing by the registration system (not shown)
which is located at 237A, 237B and 237C and/or inspected by inspection
system 237 after all print stages are conplete) may be ascribed to
variations in web tension or non-uniformdistortions to the substrate 242.

| nbodi t f I t the b t t
ol Fowi g commor ci 1By LUt Eb e X AFBBAP VHIEh EBAES AL GPe FOOLAE Mrber

A400 from Dﬂ@r@%s&d’ﬁoﬁ%ﬁteﬁ (not Skdvi) ndhgkd is 1dahtb@ak zmgm and237CQde/ot r aver se
S

system (Scotti Robotic Systens in_ Perthshire, Scotland), and barcode
reader ( RVSInSpRetadihy inspRetian system 233 sfterall pusy stagesare mr&%)én@t@tqsmbeéﬁ% shown)

poets each ol inih BERGAL AISHIfodd BltoMchl (P (U IRISINan D27 COde.

Thi s prOV|des each row of sensors a unique 1 dent trtier co bat ch/ Lot number
identificat lemhodmlant of tnsiaversioagthe harndﬂerstatlamdompmemhmfelllowﬂgla)dnaelcmﬂy station

e pri nt e PRBpBAPy P Toror dea L e oG rER Hepeh DR e o

operators. Thfbhaés OHBedRthgAbM ?Q)%ﬁ:oﬂé‘tfréifefﬁétsy%n (gdoaﬁhmbﬂl@ss&te&sh@ 6 are
stored in a database and used

ater to identi and subsequent |
r ej ect / acceperteshirgScpindy, and parcpdersades (R mﬂﬂér& Mafrex 12(53Pnt9ﬁn1¥’|“’5t dhef, for
exanple, a i of t he
machi ne andlygllrc{’doer\ké t hggg%ﬂﬁﬁlﬁ%gg?%ﬁé ?110? © SQIHO glierétaétlg)% 242134%%?“&%%9&1 uni t
107 consi st barofoda This ptovidesieadh rawlod sen2er® aarmius etcmmﬁbrrcedw betch/hoforomiz41. Fir st

rewi nd arbor, 240 hol a rol bstrate eri 242 d.conti nupusl
nal ]t or fdsntmeain B SnsSrshod et A ToE AR 10 bASoMe A PG or 241
hol ds a st apdbe ihddidly ARESSrindihg td/%ghﬂlauh@mwdéaiab pri®ed popérlyParldi r st roll

of substrate 242 into a second roll on the conpletion of the raoll
substrate 2&mvidesavisnpldndicos tedhamnpdnenperatorhi the barcode and process mformatlon

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
pulls material from second enzyme print station 106. Second rewind arbor 241 holds a
standby roll of material, which automatically splices a first roll of substrate 242 into a
second roll on the completion of the roll of substrate 242 from first rewind arbor 240. This
continuous process repeats from first rewind arbor 240 to second rewind arbor 241. A
flying splice, which occurs while the substrate 242 is still moving, is used to enable the
continuous rewind of substrate 242. The splice is placed directly onto a fresh roll of

substrate material 242 which is primed with double sided pressure sensitive adhesive.
Figure 3 is a schematic diagram depicting the humid environment around a fifth
and sixth sections of the web printing. The basic components used to provide the means

for humidification of the web printing environment are illustrated in Figure 3 which
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continuous process repeats fromfirst rewind arbor 240 to second rew nd
arbor 241. A flying splice, which occurs while the substrate 242 is stil
noving, is used to enable the continuous rewind of substrate 242. The
splice is placed directly onto a fresh roll of substrate material 242 which
is prinmed WPR'HSABPE sided pressure sensitive adhesive POFIGRIHM/084656 a
schemati ¢ di agram depicting the humd environnment around a fifth and sixth
sections of the web printing. The basic conponents used to provide the neans
for humdification of the web printing environment are illustrated in Figure
3 which 27 WD 2004/ 040287 PCT/ G$2003/ 004656 includes top hum d air 300,
screen 301, bottom humd air 302, lower print roller 303, pipe 304

conpri sing iRl e r.f i , ] 2] o h print
roller 227 lm(j)llilaéfsr?#qlﬂﬂ%fl iaﬁ{ﬁpbﬁ%? %gg’:})()ﬁ%% I igrca |’(1)Ory%§%ggpgirir§rre3rogtﬂ£)ée is set
to try and ¥dsumeritihgmultipte peafapéms 406G sabistrate @42 rany rithérfurtoprim tolleh22ge t o

any signific extent over ti during the flqod and print cycle and
preferably ?T%E’_H“I‘i‘ér [EIFT &% sHymidifigation and, {pmpqrafurs 4s f‘?t(t,‘h‘fr&g?‘l gnurednat fies; 1 apl e

that the vi@ﬁp&ﬁésxbfmn&%@mmo@eﬁanétotams@ﬂaeai&eﬁxféﬁtmﬁﬁﬂeaafﬂﬁ%wer tine
00

during the d and print cycle and preferably over the life of the print
run.. The efieodmad printcycls aad prafseblosenheliizoftearint mne dnpattielarwihiser cont ent

h Zof . :
consi stent - despitf AP LisCdsic M ol Cori0 B LS b HARMAA SRR 1
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the amount gid do onf e QMsBatePUD S donbiterdd 2t thd WetePbutitéht BF thelifksdhdgpe8i t her
first enzynme print station 105 or second enzyme print station 106 is

mai nt ai ned $BngdaPraving pragssy, ey eanilead thvaratipasyin thegzualayerihickss®d  and

bott om hum B IS ;mﬁ I AT gg intain the
desired regg@béngﬁ%ﬁﬁscﬁf%. gsé)dg}éalﬁi%g%e}%égg ?}gdllg%ardztgélge %g’é& e of the
web and i nt sopeth G0k reshiting @i poce griat defintiion land asdduaivndn éresantbemt ofiimidiaat @ity

adj acent the

enz int stations..Th nature and t f hum.dification

ar r angenent ?bétéf’ﬁé/g% \F/)Ié}eiq’élm{l B &t qthg%g?tfﬁzy&ﬁc?r% étﬁ%g’g f 05 risecop FHY%t at i on
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station in that environnent, Oten a hood can be used to encl ose the upper
and/ or | owetnddiofemdumidair 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

screen so that humidified air can be delivered into the hood directly adjacent the screen and

retained within the vicinity of the screen by the presence of the hood. If the hood is

mounted on the upper screen frame, as is typically the case, the hood may have a slot in the

x direction (the direction of printing) to allow the squeegee to move in relation to the

screen during the normal flood/print cycle.

Figure 4 is a bottom view depicting the humid environment around a fifth and
sixth sections of the web printing. The basic components used to provide the means for
humidification of the web printing environment are also illustrated in Figure 4 which
inctudes top humid air 300, screen 301, bottom humid air 302, pipe with perforations 304,
and perforations 400, side pipe at 305 (not shown). A pipe 304 with several perforations
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screen so that humdified air can be delivered into the hood directly

adj acent the screen and retained within the vicinity of the screen by the
presence of the hood. If the hood is nounted on the upper screen franme, as
is typically the case, the hood may have a slot in the x direction (the
direction o&f0 MO¥MOR%Ig) to all ow t he squeegee to nove i nPEEGERGIFAIHY t he
screen during the normal flood/print cycle. Figure 4 is a bottomview
depicting the hum d environnment around a fifth and sixth sections of the
web printing. The basic conponents used to provide the neans for

hum di fication of the web printing environnent are also illustrated in
Figure 4 which includes top hum d air 300, screen 301, bottom hum d air

302, pipe or 0 erfor s. 400 -pi 305
(not s hown\)N!"(SdﬁIlS %gSIIéorffg r?ef? SAe};\rleeer[1 zﬁwper PSHat olﬁgwmﬁ Wg'%ﬁﬁlgg%

PCT/ GB2003/ ﬁﬁﬂaﬁﬁ@ﬂlemodll@' omth:‘d dnlzyme ihkiondefenie301n Bigteehis AQtrspectie Migans f or

bl owi ng bottom hum d air mai ntai n_t he V|sc05|ty of the enzyne ink
onscreen 30Ripe &P"gmtbpgfqrgﬁ%{wﬁ@f) %%Wlt\?go‘&‘lhéwl%?“ %-pe 304 with perforations
400 to blow bottom humd air 302. Figure 8 is a schematic di agram depicting
2 different squeegee angles which includes a substrate 242, print roller
600, and squeegee &0®re fisa sshephaticoliagrane depiciing Jabiffgont squeagedengisritach t o
optimze th f a e f

"hvent fon ¢ S whbyPl 2l b L oo uuce e bl THERATE B 0 sghdBees0p
degrees. Nota bet\hat:d tohptitind the teffidiint ofake pring aeq.uBegeentEdimem of)thent roller

600 is the sane.faq guee 0., Fi is.a,schengtic

di agram depERtHE tg"%ﬂ qgr@%iq%%?gé%%gﬁﬂl qngr?éefgﬂ?{”é’ﬁ% LRQ) drgreessipi rat e
242, print gl hetoRRQ poﬂn%ﬁhe B{ueBiee'd0b k@print Bller SOVRUUERNRABy evely sﬁge@@é’eegee
p05|t|on 900, and second squeegee position 901. The squeegee position is the
posi tion of aIlgkh&oosqueegee relative to the center of the print roller 600.
The squeegee position can have a nmjor effect on the thickness of printed

i nk. The position of the squeegee can be varied to optimze the definition
of the print area. Figuge9 & ali¢hérsatic disdrandepictingi2adifferenicgpespiee papitions ehéhn snap

(rZI|O|S T 2PC gog 1 PIlg‘ﬁJ)de%QJ:bggﬁe gﬁgﬁgggﬁﬁt lli)x?'v%re prlzné’c1 ?ollep 5(53 squee,lgéeeg% 619rsf sqluggg\;%é print

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
embodiment of the invention, screen snap distance (1000) is the closest distance between
screen 301 and substrate 242. In a preferred embodiment of this invention, screen snap
setting (1000) may be approximately 0.7mm. If the screen snap setting (1000) is set too
high, squeegee 606 cannot sufficiently deflect screen 301 to transfer ink 604 onto substrate
242 with sufficient print definition. If the screen snap setting (1000) is set too low, screen

301 will smear ink 604 from a previous print cycle causing insufficient print definition.

Figure 11 illustrates an exploded view of a preconditioning zone 211 which
comprises first drive roller 210, hot plate 1100, first heater bank 1101, second heater bank
1102, and third heater bank 1103. In an embodiment of the invention, hot plate 1100

contacts the unprinted side of substrate 242. In a preferred embodiment of this invention,
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enbodi mrent of the invention, screen snap distance (1000) is the cl osest

di stance between screen 301 and substrate 242. I n apreferred enbodi nent of
this invention, screen snap setting (1000) maybe approximately 0. 7mm |f
the screen snap setting (1000) is set too high, squeegee 606 cannot

suf fi ci ent IWO 2@fP287 screen 301 to transfer ink 604 ont 8CTIGBIOBAP4ES6 242 with
sufficient print definition. If the screen snap setting (1000) is set too

|l ow, screen 301 will snmear ink 604 froma previous print cycle causing
insufficient print definition. Figure 11 illustrates an expl oded view of a
precondi tioning zone 211 which conprises first drive roller 210, hot plate
1100, first heater bank 1101, second heater bank 1102, and third heater

bank 1103. odi nt 0 nventi o ho Iate 110 acts the
oanri ot od shil ety PIRRE RSy AT hRY B mBThe fiSledBs Bitatimatiy FPCTH

i nvention, d&%@&%&%%ﬁmﬁﬁf@&@&%ﬂomﬂ@secm hdater benid 10, sriythied coat ed
W th Teflon and nmay be heated to appr.oxi nat GOCY 160C. I n an enbodi nent of

t he i nvent i bpter pppkst103dlgvehot gk appreyimatelycko M@?Y%m@eﬂiwlttaﬁd third
heat er bank %%Qa’%e QUL A181 thA es?%%ﬁéiéﬁ%&tﬁigxt all%?iaté;h&ﬁpéf%ége vari ed to

suit the trate type an or t ss and/or any pretteatnent and/or
| at er terrpecra:oumtetsdlrethctpmwmraed/mlldhehmdqarstocébﬁﬂmse skdigddn Be amnder st ood 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 @igues 10idlodrales@RAxpledsioney ofls fist ddyiiglone 21O whichhi rd dri er

bank 1102A, and, fourth ier bank 1103A. odi.nent of the |nv ntion,
first dri erc%’éﬂfﬁeﬁ%@}i}q@l ﬂlger&rlg’echoé‘QrﬁlR‘Vi¥o%%ﬁ21ﬁﬁtdnﬁfrtia€}(12 2A,

and fourth @ﬁér%%:ﬂ@f‘fd‘lAlﬁ%%rﬁ{%kh%zﬁ'd’nd%urﬁm%fe%éﬁaltlﬁhx HQC alt hough
this may be varied as would be understood by those skilled in the art from

t he descri pt:mbcvﬂlmh@tmé ittxe. lnﬁngm,éirs.tidﬂﬁll Yanks il 2@RAe seeond dript ks d 101 Awthisd ddersecond

dryi ng zone 0 i ses thi ri roI bank
12008, seco}r)ﬂ&éirl er’ anf§ %ﬁgar{khﬂoéﬂb?rlfe{oﬁ Epprﬂ’égﬁtel {?S#:g ‘%Iﬁ”hdrl er
bank 1103B. thismaybevdiediagwoild bt utxdttﬁstbcmn@rmbsmklllfed fisthe aflrfiogd theaadcripROOB,
second dri e{1 bank 1101B, third drier bank 1102B, and fourth drier bank
1103B bl ows?#8 air at approxi mately 140C al t hough this maybe varied as
woul d be

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.

Figure 14 illustrates an exploded view of a third drying zone 230 which
comprises fourth drive roller 229, first drier bank 1200C, and second drier bank 1101C. In
an embodiment of the invention, first drier bank 1200C and second drier bank 1101C,
blows hot air at approximately 50°C although this may be varied as would be understood
by those skilled in the art from the description herein.

Figure 15 illustrates an exploded view of a fourth drying zone 236 which

comprises fifth drive roller 235, first drier bank 1200D, and second drier bank 1101D. In
an embodiment of the invention, first drier bank 1200D and second drier bank 1101D,
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understood by those skilled in the art fromthe description herein. Figure
14 illustrates an exploded view of a third drying zone 230 which conprises
fourth drive roller 229, first drier bank 1200C, and second drier bank I

A C. In an enbodi ment of the invention, first drier bank 1200C and second
dri er bank Wae@m4/@028bl ows hot air at approxi mately 50C BCTIHGR0497% naybe
varied as woul d be understood by those skilled in the art fromthe
description herein. Figure 15 illustrates an expl oded view of a fourth
drying zone 236 which conprises fifth drive roller 235, first drier bank
1200D, and second drier bank 1101D. In an enbodi ment of the invention,
first drier bank 1200D and second drier bank 1101D, 30 WD 2004/ 040287

PCT/ GB2003/ : ' ihotﬁl. rq;%a} s ' y be
vari ed as mg&%g%gga18%t§g?go? g%%ayg?/%h@g‘g SKil e|yvr21Iﬁ ?(I%Sa‘gr%m? rgIi(;[rlr(lwt;]%%czodm
descri pti onbhdrose skilldd iguhearf fiorn tHeadesoariptios heminexpl oded vi ew of a first
cleaning unit 204 which conprises tacky rollers 1600, blue polyner rollers

1601. In an enbodi nent of the invention, blue polyner rollers 1601 contact

the top and bottomyside 16filustdes dndkploddvian &f a FitsRORhEhS uM@R04 whicAt e/ f or ei gn
material to tacky rollers 1600. Figures 17A to 17D illustrate views of an

i nsul ati on [caparses gackyFallsrs 168¢.dlugiolyreer rollrs 10 1e b aerbodimgnt afghe i nvent i on
with proper ;[Rghst bl 1RrsU1091 ol Aud YRBREREI Y fSubdiGre 08 shef L,
Figure 17B g\gg?oﬁgg% ﬁpF@E?éﬁgé%l7& t%£&§8%50n1(§$t, an E?guf% 17D the
bot t om r i ghtrangsdfers parsiovlatserign2dGial Hrteckyapkes 46®. not shown on t he sensor
sheet illustrated in figure 21A. I n one enbodi nent of this invention,
carbon print station 103 prints carbon |ayer which conprises a solid carbon

rectangl e 1700 sur rpgReety Dy 1D illediaangewSof mandatitioh ldyer tbidamboaMyer phikst r at e
242. In a subsequent_ print cycle, insulation, print_station 104 prints

rect angul ar 9y srabopiseent phibe Iyention it mopss regiytwtion Nojsithat Figure bigsi t i oned in
bet ween t he g0l B&hd B YAl i uRe1 7EMHE BREMh Hn GAd PArd 1 ne
1703. Wen {ﬂg&%ﬁgu éi?gﬁif yergto ca?ggﬁ’?g%%r regist?%%ié%gﬁi roper at

al | four corliiBrtke batiom Gghtloy senbarsheatrdl06 drheanarkscara neidhgwh on thet sen sheshowi ng

e 1 RE A8 i R R BB RSO BARSRR T3
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
vision sensor 222, which in one embodiment comprises a camera pointed at each corner of
the substrate. Typically this forms part of the initialization at the start of the print run. An
operator can view all four corners of the substrate adjacent one another on a TV screen.
The operator can then visually inspect the registration of insulation to carbon during this
initialization process (and indeed during the remainder of the print run) and can make
whatever adjustments are necessary to bring the insulation and carbon prints into
registration. It should be appreciated that the web viewer 222 (comprising , for example, 4
cameras pointed at locations above four corner of the substrate card) views and forwards
for display a snapshot of each of the four corners of each card. Thus the corners of each

card are only viewed for a fraction of a second on the display since the substrate beneath
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carbon | ayer can be checked manual |y by an operator or can be checked u5|ng
second vision sensor 222, which in one enbodi nent conprises a canera

poi nted at each corner of the substrate. Typically this forns part of the
initialization at the start of the print run. An operator can view all four
coners of tWe®26u8028at e adj acent one another on a TV scrEENMGB20IH@463per at or
can then visually inspect the registration of insulation to carbon during
this initialization process (and indeed during the renainder of the print
run) and can make whatever adjustnents are necessary to bring the

i nsul ation and carbon prints into registration. It shoul d be appreciated
that the web viewer 222 (conprising, for exanple, caneras pointed at

i spl ay 5 SHRSEHORE G GHu O T CHOBD A B B BFS gs%aﬁ“%a o
corners of engRyst&RerhbRsem dPbitoY toee thsfagfly theleffegts h®Nadpistrilerd 86 aiag niket he

di splay since t%e substrate beneath 31 2004/ 040287 PCT/ GB2003/ 004656 the
vi ewi ng canb#s theinseateniacppop egigatian Pdivstnets thhepeipr mexpeksineliddugh t he
appar at us. &%én&X%L%@tﬁ@%%Lﬁ&rﬁ@ﬁ&&e 11%]0% Pscgf% B‘f?és@x%'s\érewgts?tﬁé £Cts any

adj ust nent e my na as on the iné on registration.
Adj ust nment srdldie dxp‘éY ‘allipectionyscireek positionlin ekdationbe © (’Ehieea)nﬁncel thevieedr t 0, screen

print stroke, snap hei ght, squeegee pressyre, screen posi tjve to
"y di rect i BEiStaERREAS beeiet PRAR s and oter Brntskptigny Grive eweé??@ aﬂ’é% ’Jé
regi strati opyb@gd@eind & regil@trétﬂmts?dtén AnthoQhiIRs 2 U7 Akl 2?@)2?)%1@&1% dubbPhafig Y i ewer S
228 and 234) the automatic internal X registration system ( u3|ng mar ks 2107
and 2108) aragistragonnaysismefforcexympleagistrationispsiersy/located gifpositiensddiie237B and
registratio RYsLens l,Q p 7 mar ks
2101 to 210 ? ar Sén%lllnf%( %gbf% f}b eag%ldeolr“%gz%%%on %P gglngﬂ(gru g%a%‘maaﬁ?@'
correct X apétreét Kegt M fegistrationCtiuring griftinigh tiailgs 17d8rtd $703/90whan figétds Ehown in
figures 17A éo 2% D can be use &%g autonatl X and Y registration during
printing as23f @rbdersst (/@Jt%‘Pati ‘élr?glﬁ’ﬁ‘t‘t)% YAIERIERE RS IDAl S Matiye 9ui, and
2107 and 21Q&ifiéh Ming rbﬁkmm&&im%@mmezmg ké Wh@ld bk Rnddd@o& By tho@m t he
descri ption herein. ure 18 illustrates a view of an |nsulat|on | ayer to
car bon Iayeﬂﬂﬂ@hnéhimé wdhaéaseripdion hp@in. nvent i on with i nproper registration
when the insulation artwork is longer in the direction of printing than the
carbon artwork. This may occur even if the

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 18 A represents the top left, Figure 18B the top right, Figure 18C the
bottom left, and Figure 18D the bottom right of sensor sheet 2106. When the insulation
layer to carbon layer registration is improper at one of the four corners uncoated substrate
242 can be observed 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 using second vision sensor 222.

Figure 19 illustrates a view of an insulation layer to carbon layer for an
embodiment of the invention with improper registration when the printed insulation
artwork is shorter than that of the carbon print (for example, the screen stroke for the

insulation print may be longer than that of the carbon, or the insulation screen may be
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carbon and insul ation screen are the sane size in this dinension 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 W@00@p0Isgft, Figure 18B the top right, Fi gureciiéRovdie4eipot t om

| eft, and Figure 18D the bottomright of sensor sheet 2106. \Wen the
insulation |layer to carbon layer registration is inproper at one of the
four comers uncoated substrate 242 can be observed between the rectangul ar
insulating line 1701 and solid carbon rectangle 1700. The registration of
insul ation |layer to carbon | ayer can be checked nmanually by an operator

usi ng second vi sion _sensor 222. Figure illustrates a view pof a

i nsul ati on Fhgyer th%ﬂ*e%ﬁfﬁﬁﬁcaréwm# Sationy jﬁ@ﬁﬂ@& i 2 pRER O OB wi ¢ h
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that of the carbon print {(for exanple, the screen stroke for the insulation
print may beenserrshest 21 OanWhpmthe ddsulafien lagerio parbes layeraegiptetionds iowraner een may be
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station) No ha gure represents et gure e top
ri ght, Fi guimsula®fg lided7Goirddoolid edrbon @ongle ¢§100e TRDepisteativatof asulatighkyafto
sensor sheet 2106. Wep the insul ation |ayer to.carbon Layer registration is
i nproper at CABRLlaYEr AR eFl?ﬁS}‘e‘g‘Bﬂ‘ﬁ’ta yg}‘l%‘b eéadors‘ﬁﬂ’ﬁtsfﬂ%ﬁngvis s(?’éﬁ?rg%f'obser ved

bet ween t hep{gafds2084b 80 D drbS¢HeRtaliO@iagraRs Uepl@ihgdRcesOsioh a pRIER 'Torr;ﬁ-ﬁitiﬁﬁm e
1700. The registration of insulation |layer to carbon |ayer can be checked
manual | y by a2&aeronpeieat gvide ZI0R gses Figural? ) 3hieh compsises sphig cardm xpaieegle §7¢0A t o 20

D are sche | (E=Yold Gt h ess: 4f [ atin a
second vi evr(/ﬁ gltoﬁ‘ﬁgls‘gg%wgeeﬁ# g}{tﬂlr@ g7g1§?1[0&i%%&cr§%pa€%1§@%é%qqﬁdég(%aarﬁéoﬁédj )
rec: ang: e igggirst ehf)j*dé@luyenﬁ)oo,lablldmctaagitbﬁnog?_hasicbnmmz;yﬁ@llayehmdlgzémgcar bf)nd
rectangl e .. ol ctangl.e from. the fir enz ayer sol i
rect angl e fPB?ﬂaEeaéul_ésgé{?%Ee%ﬂ’@fllVa%}‘@]? p%ﬁ)‘iaf“_ $pcpe %%ﬂﬁ“%&ﬁ%}% 242.
Optional |y, asbmbti®bigdiny ifdRc@dnSIsttifs MR ds Hidpdction Bt 2571 Misectioy 6 (aferemat i C

ongoi ng i nspection systens such as inspection system 237 in section 6 (after
the secondseard meypeipany). QoggaemReiseienis typi¢ally ofherwiserared gutby Ber wi se

carried out Bsdriod SlloM (B B UTORIMARY ASHLM UnaP378 R hd WPRaifeddsh 2378

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
registration mark 2107 and insulation X registration mark 2108. Figure 21B is an exploded
view of one row within sensor sheet 2106 with a carbon X registration mark 2107 and
second view guide 2002. Figure 21C is an exploded view of one row within sensor sheet
2106 with an insulation X registration mark 2108 and second view guide 2002. Insulation
X mark 2108 entirely overcoats carbon X registration mark 2107 as illustrated in Figure
21C 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 means that any subsequent layers are printed
in relation to the second printed layer (in this case the insulation layer) rather than the

carbon layer. This can be useful say if the second and subsequent screen artwork
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and by a registration control system | ooking at marks 2105 (see figure 21A)
inthe "X' direction). Figure 21A is an exanple of a sensor sheet with a
first view guide 2100 and second view guide 2002; first Y registration

mar ks 2101, second Y registration marks 2102, third Y registration marks
2103, and fW@rH/N0Begi stration marks 2104; and X regi SECTaGBD0G/0vEeks 2105.
Note that X registration marks 2105 conprises carbon X registration mark
2107 and insulation X registration mark 2108. Figure 21B is an expl oded
view of one row within sensor sheet 2106 with a carbon X registration mark
2107 and second view guide 2002. Figure 21Cis an exploded view of one row
wi thin sensor sheet 2106 with an insulation X registration mark 2108 and

Ceqi strati ofErRnSAE Prsst o feidh (RRE D B3 el LR RS
provi des a ih@eRh ipde ditéstibh. hand edge say of mark 2108) in advance of

that of the original carbon mark 2107. This neans that any subsequent |ayers
are printed inrelation to the second printed layer (in this case the

insul ation layer) ratBeliodoRatu onneg%g%}ﬂk@%%ﬂguﬁ@éﬁsﬁ&:&h#ﬁ%élﬁ@ﬁ@/&-lﬁay if

the second and subsequent screen artwork 33 00-1/040287 _
PCT/ GB2003/ (e 5&ucnketn mdiidnbenare priotedekt seetion 3eof Xathon gt statiof d0hngolihe web)

than the first scree rk. .dinensi.on in the X directi.on. expl oded
vi ew of one & Pr%F“’C@PQ’f’ﬁQB%Wte Lﬁl%mg’sa@%%%\f § P%ﬁ?eei%ﬁ\w B the
sequence i n suhdids tHeYlidERbE tebfafle 17400, 3€6dctiond 3f dkulatiuniaint patidit 1084 &t i on
103, a solid carbon rectangle 1700.is printed al.ong wth a rect an%lﬁlﬁar

carbon |ine rqmlam@ﬁuorslm U@ﬁd%?‘i%"é’ hefyygeq thesolig) ﬁarp%{egﬁgglg riefbﬁ_i‘. _
section 4 of.ifsStALi-O8h Rd o3 Stvakh ABudh to RarbbLLRRMUAS chRvh@iir | i ne

1701 is printe etween the solid carbon rectangl e 1700 and the rectangul ar
car bon |i ne coZ@s.typiatly thers kb oo unewated sibstiate 842 shovang brtwieen sobd eaben at  al |
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nore rectangul ar_insulation lines 1701 print eﬁ directl yove the solid

car bon r ect dhgyedhe said. cathadertingys H88i Lhehdroi %‘HP%&I?WH%ﬁPlg sgreasediy t o

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 300um is

typical in the X direction).

As illustrated in Figures 1 and 2, at the end of the process, substrate 242,
including the sensors printed thereon is rewound by rewinder unit 107 and is then fed into
punch 108, which may be, for example, a Preco punch which is located within a low
humidity environment. The Preco Punch is a CCD X, Y, Theta, Floating Bolster Punch.
The Preco Punch registration system uses a CCD vision system to look at “Preco Dots”
which are printed on the Carbon print station, these allow the punch to adjust to the carbon
print and enable the punch to “punch” the cards out square. The output of Punch 108 is a

set of punched cards such as those illustrated in Figure 21 A. Punched cards are ejected
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visually assess the registration of first enzynme | ayer 2000 to the

i nsul ation |ayer and second enzyne |ayer 2001 to the insulation layer, this
is done so by printing a solid rectangle of enzyne ink within the
rectangul ar insulation line as illustrated in Figure 20C and 20D. _Thus the
third and Msuz0H049247nt ed | ayers can be registered to t hBCHEBYNHOUARE not to
the first printed |layers. This has the advantage that a change in artwork
size between the first and second |layers (which nay be required should the
substrate stretch after the first print station for exanple due to the heat
and tension encountered in the first drying zone 217) can be accommodat ed
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"Preto Dots" ich are printed on the Carbon print 'station, these allow the

punch to adjpueparation fonéhecrexbmanufpetimig siépd enabl e t he punch to "punch" the
cards out square. The output of Punch 108 is a set of punched cards such as
those illustrated in Figure 21 A Punched cards are ejected 34 WO
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station 103,.insul ation print statio .first en ri taiion 105,
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printing mangfact MhRISRRAASS and $EThd V&b Bewd came@Brebart dfBSHaBual 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 21 A. The carbon print is adjusted until the lines indicate that the print is square to
the substrate edge. Registration of the individually printed layers is required in the X
direction (along the length of the machine) and the Y direction (across the width of the
machine) See Figure 21A. X direction registration is controlled by the internal registration
system of the machine. This utilizes the printed areas indicated on Figure 21A, B and C.
On the Carbon print cycle a carbon X registration mark 2107 is printed in this area. The
Insulation printing cycle is registered to the Carbon print using sensors which use carbon X
registration mark 2107 to allow the insulation screen to adjust in order to print the
insulation ink in the correct position. The carbon X registration mark 2107 used for this

purpose is then over printed with insulation X registration mark 2108 and is utilized in the



are Wb Viewer canera systens |located i mrediately after the printing process
step. See Figure's 2A-2C for web viewer |ocations. There are two caneras at
Section 3 and four caneras each at Section 4, 5 and 6. The web vi ewer
caneras are_part of a manual set-up process used by the Wb nachi ne
operators d¥OHYHE start of the print run. The canmer asPCTAFBR00EWHE0 vi ew
printed marks, which aid the initial set-up of carbon alignnment to substrate
242 and registration bet ween insul ation layer to carbon layer, first enzyne
| ayer to insulation |layer, and second enzyne |ayer to insulation |ayer. The
printing guides are illustrated indicated on Figure 21A. For carbon print

al i gnnent, second view guide 2100 is wused to indicate the carbon print
position in o Lo lohd e h car bon
Brint stati SRyl @bl REER: Bl SyRlclBkbaihand Seqoha chitme 1t O06H

i |1 ustrat ed wiith thdfmgxlm@n:pnnA Ydieectan tegistrgionns cangrobet] bbsYedglstmtuoh system | i nes

i ndicate th t t he |nt uar o] e tr ed e | on of
the i ndi vid ‘%P“ﬁ’s qrisd f%%?ﬂ %%ﬁﬁq?‘é@%ﬁ Vg s c?ﬁﬁ’b‘?ﬁ“?@f“%ng t he
length of t hfeRmthdiee ABltrbRst r¥g1§t!rz[ti%ﬁtsys@éin (xﬂcfdepmﬁdﬂ@m@ﬁofﬁcﬁﬁ t he

nmachi ne) See Figure 2 A X direction registration is controlled by the

i nternal re&PoldshéhsnGemany chhipptikizce thegeinied greay Q1 i 3400 drdicatetbingiigust ed
areas indica | i car bon
X T ogi strat fon oemohgtl Skt CuBof Yiubuion Thelilel ERIRBAmRE Mhesb kS ot 8 0
cycle is regnstteéueudtrdhattﬂ@ sGhsdquent printis ragisieangyl, YRrenIoss, whibcIY disstioarBen X
registratio %ﬁﬁg 2107 ta MI(wvt e |nsglat|ontscre @ %% a order to
print the S ?l%ag ref SPWC?Sﬁén el u%[gquni%ﬁ U560 391P istration
mark 2107 uaadbafs%axmmﬁacecpwcm@ Eathndlﬁﬂﬁhl@MﬁMMbdi&cﬂé vl dnb enb&dibiRAt 07D X

registration mark 2108 and is utilize e 5 WD 2004/ 040287
PCTI GB2003/ Ov88dsas ussdnbyiienh Hprmatiop g¢ %!6@ WE? &’@%é@@ba%elw eptlipeipfbledy er 2000

and second efgy® ﬂas’t%%f }&9% abitl b 48&s 'w'ﬁéﬂ'll‘:taz{%rg&sp Qltnete?/lsqﬁl Vﬁﬁ&ﬂl@&

registration is contro by Y fegistration syste | ocat ed at
posi t ons ZBMpccthzEeamtﬂcaﬁsa‘ﬁ@svmtocrmectrcamhenénbwnsnewhetMr thmwrammme'rcon maybe
an Eltromat re oldshohe

Ger many. Thi$™ QS‘%“E}@% %{]ehs Steéﬂ%ﬁ Cﬁ?*%%?%%f%&? %1 "S'n Figure

21A. On eaclhrdeedsed elmylcmamanﬁaf hasmatioaByll at i on,

mar ks are
sensors,

printed in order that the subsequent print
in teles. di rection. The

Enzynel

and Enzyne2 - these
IS registered,

Vi a

Hot Plate 1 of Drier Bank 1 Drier Bank 1 Drier Bank 1 Drier Bank 1
1 of2 of 3 of 4 of 4
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
Drier Bank 3 Drier Bank 3 Drier Bank 3 Squeegee Squeegee
of 1 of2 of 3 Pressure Pressure
Drier Bank 4 Drier Bank 4 Drier Bank 4 Inside Hood Inside Hood
of 1 of 2 of3 %RH %R
Squeegee Squeegee Inside Hood Inside Hood
Pressure Pressure Temp Temp
Qutside Outside

36




Web Dat abase records process information during printing.
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Wéb Tensi on Wb Speed Figure 22 is |a sc enéﬁﬁg)dlaqran1g$89
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s the direction fromthe operator to the nmachine side
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Hood Ten;
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of the w
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Web Speed

Figure 22 is a schematic diagram of parameters X, Y, Z, and 0 used to register
the web printing process. The parameter Y represents the direction from the operator to the
machine side of the web printing machine (typically horizontal). The parameter X
represents the direction from unwind unit 101 to rewinder unit 107 (typically horizontal).
The parameter Z represents the direction perpendicular to the X and Y directions (typically
vertical). The parameter 9§ represents the angle around the Z axis. In an embodiment of this
invention, the following parameters are used to register the following print process such as,
for example, carbon print station 103, insulation print station 104, first enzyme print station

105, and second enzyme print station 106.

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
conjunction with a meter. Productions of several designs of strips are envisaged. At present
the web is designed to produce “One Touch Ultra” strips for use in the One Touch Ultra

meter which is available from LifeScan, Inc.

A schematic diagram sample of the artwork produced is in Figure 21A. This
illustrates one complete printed card, which contains 10 “Rows” of 50 “Strips”. There are a
total of 500 ““Strips” per card. Print orientations are also indicated. By printing rows 0 to 9

(each of 50 strips) parallel to the direction of print, the process can be easily extended to
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represents the direction fromunwind unit 101 to rewinder unit 107
(typically horizontal). The paraneter Z represents the direction
perpendicular to the X and Y directions (typically vertical). The paraneter
O represents the angle around the Z axis. In an enbodi nent of this

i nvent i on, whaof/elokiwi ng paranmeters are used to regi st ePCTEB24080046% ng pri nt
process such as, for exanple, carbon print station 103, insulation print
station 104, first enzyne print station 105, and second enzyme print
station 106. In one enbodi ment of the present invention, the output of the
web manufacturing process is cards printed with artwork conprising Carbon,
I nsul ation and two identical Enzyne |layers printed in register wwth one
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are a total_of. 500 "Strips" r_card. Print orientatiqns.ar | so
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di rection ofmde¢ efficient, he process can be easily extended to 37 WO 2004/ 040287
PCT/ GB2003/ 004656 inclusion of a cutting step separating one row from
anot her. Furthernore this nmeans that any defective rows resulting from
Cross web vari ati oneh REhiB batHlkiily dREERERSLCWER it thd e SHifieCt i on of
print)can be ident W{leed&’easi\]y. EacSyh row I s&glfocat ed a ttr%jfzj(?rsberlﬂ%ei dentified
by a bar cod®)iddgdidtdombaiators) s3eddn fhieprintngof destroshpadcdl isensetseChsusewfahe web
can later be identified wth reference.ta the databas nd el.i.m nat ed
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sensors. ThenlsfinQhe Mesh, thread separation, thickness, mesh count ) are readily commercially

available to cope with the different requirements of different types of ink in the continuous

web printing process (carbon, insulation, enzyme).

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.

To summarize briefly in a web manufacturing process for manufacturing
electrochemical sensors, the web expands or stretches as it is heated up and placed under
tension during the process. The printing stations (for example carbon, insulation, two
enzyme) typically each are followed by a drying station. In order to dry the inks efficiently
the drier stations operate at quite high temperatures (50-140 degrees centigrade).
Furthermore to aid registration of the web through each printing station, the web is placed

under tension.
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novabl e fl at screen can enable better control of prlnt definition and the
deposition of the thicker layers of ink needed in el ectrochem cal sensors
than may be all owed by rotogravure or cylinder screen printing. A variety
of types of screen (with different nmesh, diameter of thread in the nmesh

t hr ead sepawat2004m4028hi ckness, nesh count) are readily cop@BEBLBdM6s6
available to cope with the different requirenents of different types of ink
in the continuous web printing process (carbon, insulation, enzyne).
Because of the arrangenment of the flat screen, print roller, substrate and a
squeegee urging the screen towards the substrate, a variety of paraneters
are available to be manipulated (screen to substrate angle, squeegee angl e,
screen to squeegeeT§OS|t|on squeegee to print roller _position, snap

di stance, relative ﬁ@é’é@atéha%@%ﬂcﬁﬁt‘@dgﬁﬁﬂwt@éwt%63@%8%@8@“&1‘%) to
optimze th ro?éésrgs AR CH RerdeOdr ﬁﬁ%&é@@;}%&@br%ﬁ?ﬁ@@é (;?ot ﬁ%ﬁ% drze briefly

in a web mahufacturing ’process manut act uri ng sensors,
t he web exppratingpthesthsarbtelwal ststch tnpredittally eabsing image pteacedtiomoeubsetaendi on
during the process. The printing stations (for exanple carbon, insulation,
two enzyme?™®§pically each are followed by a drying station. In order to
dry the inks efficiently the drier stations operate at quite high
tenperatures (50-140 degrees. centigrade). Furthernore tq aj d regi stratl on
of the web t hrough 1Basiae phthsimags psiniadiabrachprint skfioniis deiermings bYsuER! t ensi on.
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and stencil/screen speed and substrate stretch at that point (both
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vary. S unpr abl e and hi gher than expec signiticantly reducing
yi el ds. | f bedue 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,
irreversible stretch is substantially removed from the substrate, prior to an image being

printed on the substrate.
In a first processing station in the web machine, a drier bank heats the substrate

up to 160 degrees centigrade. The temperatures encountered by the substrate later in the
process, typically do not exceed 140 degrees.
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m smat ch between i mage sizes between layers is greater than 300m crons al ong
the web (x-direction), the product will not work. The excessive imge size
variation was thought to be due to excessive and unpredictable stretching
(due to heating and tension) and shrinking of the web substrate. The
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cal cul at ed NReH Q§ 161.18C. In Bank 4 hot air is introduced to the front
face of the sugsfrate at a set point of 160C with a specification of +/-
4C. The calculated nmean is 160. 70C.

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

stretch has been removed from the substrate prior to printing,

In one embodiment of the present invention, two mandrels, each of which holds
aroll of substrate material, supply material into the machine, the second on stand-by. The
un-wind unit allows a continuous flow of material through the machine with a reliable butt
splicing operation. At the end of the machine there is a rewinder unit. This consists of two
mandrels. One mandrel re-winds printed substrate material, the second mandrel holds an
empty core, which is in standby mode. The re-wind unit allows a continuous flow of
material through the machine. The material is then transported from the end of the web
print line for finishing. The web substrate material may be a polyester substrate (trade
name Melinex ® ST328) manufactured by DuPont Teijin Films. The substrate may be
supplied in roll forma, nominally 350 microns thick by 370mm wide and approx 660m
long.
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As a result of the web tension and the heat introduced in the drier, the web
substrate is stretched by approximately 0. 7nm per artwork repeat. This was
one of the primary reasons for utilizing Station 1 as a preconditioning
unit to stabilize the substrate prior to subsequent printing stations. The
use of Station 1 to precondition the substrate inproves the stability of
Car bon andWMo204/880283n Row Length since much of the nat eFFHEB2WHPUO®, has
been renoved fromthe substrate prior to printing. In one enbodi nent of the
present invention, two mandrels, each of which holds a roll of substrate
material, supply material into the machine, the second on stand-by. The
un-wind unit allows a continuous flow of material through the machine with a
reliable butt splicing operation. At the end of the machine there is a

rewi nder unit. Thi gsm@Rsh&héd ficofdikl toid1#eRhSinvéation TBALHSM rild-gi¥ingls pri nt ed
substrate material, the second mandrel holds an enpty core, which is in

st andby nodeonsipieacy everprint rups is made passible. doone arasess using thegresentpantion, t hr ough
t he machi ne ial i r. f pri nt
line for fi %w&%%?gh%gfﬂg@@ééﬁgﬁﬁ%‘g@G% yfglsztlrgirigsu Strate
(trade namesciithis inercaeas theSfiddSlramativallpwhere apl tdls dbedtdnbll Teneed to egistes. The
substrate may be supplied in roll forma, nomnally 350 mcrons thick by
370nm wi de and approx 660m |ong. 40 WO 2004/ 040287 PCT/ GB2003/ 004656 Usi ng
a nethod accor di ng jitwilltteGedighEed that Eyt#AM dnP Sruch RSB be Yubstitiked fir YieNd

consi stency over print runs Is made possible. In one process using the

present i nvamcuses illugipd and deseribehbereingnd thatibe dessribed enahadiment o6 i n about
an hour, if, 1S, e\ el d

dramati cal | inqﬁ??‘é"r@gﬁ% o iy SPu wtfen AN dlliGyerlS !%8?@?%?& R
recogni zed {idvahtionq U wdditbont, itshould be uaderstood that evedyStriétutealdsdribed sbowe had 4 uct ur es
illustrated_and described herein and that the descri hed .enhodj ment of the
vent] on i S FRSOERTRCRET AR b BIeER Fs AToags M R GYRRE B8t PRERBnent t he
claimed invention. In addition, it should be understood that every

structure described above has a function and such structure can be referred
to as a means for Péhilapreterred embedimgnis of tha pregerit inveptiast kave beenshownandnt s of

the present 4l vEDH 280 AW REHYictE W Bof Willed in the art that such embodiments are
‘provided by way of example only. Numerous variations, changes, and substitutions will
now occur to those skilled in the art without departing from the invention. It should be
| ;1ndelstood that various alternatives to the embodiments of the invention described herein

may be employed in practicing the invention. It is intended that the following claims
define the scope of the invention and that methods and structures within the scope of these
claims and their equivalents be covered thereby.
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described herein, it will be obvious to those skilled in the art that such
enbodi nents are provided by way of exanple only. Nunmerous variations,
changes, and substitutions will now occur to those skilled in the art
wi t hout departing fromthe invention. It should be wunderstood that various
alternatives to the enbodi nents of the invention described herein may be
enployed in practicing the invention. It is intended that the foll ow ng
claims define the scope of the invention and that methods and structures
wi thin the scope of these clains and their equival ents be covered thereby.
41 WHAT IS CLAIMED I'S: 1. A continuous process for the manufacture of
el ectrochem cal sensors conprising an electrode |ayer, and at |east one
reagent | YBAT ISrGldIMEDAR: el ectrode 1 ayer and at |east one reagent |ayer on
a first portion of substrate, splicing a second portion of substrate to the
first, and printing an el ectrode |ayer and at |east one reagent |ayer on the
second porlt Acrentindgus Arave¢sHodthe inamafaofuacdfieldchrgclemie! sgtsoscheptisial asensor
conpri sing transporting web of a substrate froma first roll of substrate
mat eri al %éescfm%%léy‘ifra'}goé}lieaﬁtr?'}‘?tre@?%ttl?ﬁﬁé and printing one or nore
el ectrodes on the substrate at one or nore print stations by screen
printing, splicing a second roll of substrate naterial to the end of the
first roll and passing the spliced substrate through the one or nore print
stations. 3. A mehhod chordi@% c&piq1% in whi%q a firﬁitin%ulation | ayer is
printed on t he PSTHRE PLYSUOLR (POPRANAS 1SR e SEASSRY'BYeL OB A TUSLROMAN ot 2t on’ by
screen printinguisfratensul ation ink using flat screen printing. 4. A nethod
according to claim3 in which a first reagent layer is printed on the
substrate and the spliced substrate at a further print station by screen
rinting a firsg;t ! : } rinting. 5. A nethod
gccordigg to a% h%ﬁggﬁg%ﬂ%Bgmgﬁgzagﬁéﬁﬁﬁgﬁggﬁgg?gnd reagent | ayer is printed
on the substrate and the spliced substrate at one print station by screen

rinting a second. reagent ink usi flat scree rinting. .
P g printing an €lectrode layer andna(‘:z least one reagentrla)Per on the s%cond portion.

2. A method of manufacturing an electrochemical sensor comprising transporting a web
of a substrate from a first roll of substrate material past one or more print stations and
printing one or more electrodes on the substrate at one or more print stations by screen
printing, splicing a second roll of substrate material to the end of the first roll and passing

the spliced substrate through the one or more print stations.

3. A method according claim 2 in which a first insulation layer is printed on the substrate
and the spliced substrate at a print station by screen printing an insulation ink using flat

screen printing.

4. A method according to claim 3 in which a first reagent layer is printed on the substrate
and the spliced substrate at a further print station by screen printing a first reagent ink

using flat screen printing.
5. A method according to any of claims 3 or 4 in which a second reagent layer is printed

on the substrate and the spliced substrate at one print station by screen printing a second

reagent ink using flat screen printing.
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42 6. A nethod according to claim3, 4 or 5 in which a second insulation

| ayer is printed on the substrate and the spliced substrate at one print
station by screen printing a second insulation ink using flat screen
printing. 7. A nmethod according to claim6 in which the second insul ation

i nk conprises as adhesive ink. 8 A nmethod according to any preceding claim
in which one or nore further electrode, reagent, insulation or adhesive

| ayers are printed on the substrate and the spliced substrate at a print
station by screen printing ink using flat screen printing. 9. A nethod
according to claim3 in which one or nore electrodes are printed on the
subst r at e aAdndthed spbidiedoslddatdr dbes at which assdonpiinsntatish &tyeois (psiptedynscr een

printing el ectricall caondyctive ink using flat screen printing, a first
i nsul ati on %@W? %ndéPF Shli5ad SHpsiT AL QS Ina lationescF o7 pé‘ﬁﬁl‘%%aecé’g%strate at a
second priindy|SbAiHKN D) N ¥ced] §fftingr i Nting an insulation ink wusing flat

screen printing, a first reagent layer is printed on the substrate and the
spliced substrate by a third print station(s) by screen printing a first

reagent i ok \ugi ng: £ Rl S8n AL WALAG oGBS IR YL Sobu i N ed 11 tha

adhesive ink.

8. A method according to any preceding claim in which one or more further electrode,
reagent, insulation or adhesive layers are printed on the substrate and the spliced substrate

at a print station by screen printing ink using flat screen printing.

9. A method according to claim 3 in which one or more electrodes are printed on the
substrate and the spliced substrate at a first print station(s) by screen printing electrically
conductive ink using flat screen printing, a first insulation layer is printed on the substrate
and the spliced substrate at a second print station(s) by screen printing an insulation ink
using flat screen printing, a first reagent layer is printed on the substrate and the spliced
substrate by a third print station(s) by screen printing a first reagent ink using flat screen

printing; and the layers are printed in that order.
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