WD 2004/ 040290 PCTI GB2003/ 004694 MANUFACTURE OF ELECTROCHEM CAL SENSORS BY
MOVEABLE FLAT SCREEN PRI NTING 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 rmanufacturing process
wherein el 92U al sensors are printed on a web ut PCTGEHIP046AHyeabl e
flat screen printing process. Background O The Invention El ectrochem cal

sensors are used in a variety of diagnostic procedures, including the
measur enent of glucose in human bl ood. The manufacture of such
el ectrochem cal sensors involves the manufacture of mllions of small strips

whi ch each i ncl udeMANAEACTYREORELEC TROGHEMCALISENSORS) cel |l which is

adapted to receive bl oco8YMOVERBLEFUATYSCREEN PRINTIRGII |y fluids the form
conplete circuit between the electrodes in the cell. The electrodes 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 maybe
nmeasured by a neter adapted to nmeasure current or charge at the el ectrodes.
Manuf act ure ?f“3$%§1 ek&ctrochenical sensors requires the deposition of
several |ayet§ B¥¢¥'88e material, insulation material and reagent in a
very,, small space and the accuracy and arrangenents of such |layers is

critical to the ultimate function of the device. FurthFr, in order to hold
down costs and meet DeBiessTd Invieptiqnyrelatesp general, PorRro¢asRios AR AR cal

sensors be nERYWRELMCAGenBts MEBnfthdls 26 845 ndhdpMitdlarBP$04 W accuracy of
al i gnnent between the | ayers. Electrochem cal sensors can be used for nmany

appl i cat i onsmanyfacserengappéese whensin electioehentiond Benspisare materbon s web ptiliging 4 nsert ed

into speciaIhﬁvggﬁﬂﬂggrgg}g%ﬁmf%nxgglf-nDnitoring of glucose or other
anal ytes (such as fructos nlne? aenmatocrit etc) in, for exanple, blood or

interstitial fluid. Many anal ytes can be tested using such el ectrochem cal
sensors, WD 2004/ 040290 PCT/ GB2003/ 004694 dependi ng upon the design of the
el ect r ocheni Bagkerwnd O Thedgveabienyngenent of the el ectrodes, the reagent used
and other factors. Many of these applications, and in particular

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
ameter adapted to measure current or charge at the electrodes. Manufacture of such
electrochemical sensors requires the deposition of several layers of electrode material,
insulation material and reagent in a very, small space and the accuracy and arrangements of
such layers is critical to the ultimate function of the device. Further, in order to hold down
costs and meet demand, it is imperative that the electrochemical sensors be manufactured

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

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

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



strips for testing glucose, require sensor |ayouts of a particular size and
construction, where the manufacture is done within particular tolerances to
render the el ectrochem cal sensors having characteristics which are as
predi ctabl e and repeatabl e as possi ble. The manufacturing process is further
conpl i cat edw@yostii@2preed to nmanufacture sensors nmany SersEarcB@/0g4egui Cckly
where the sensors have very small cell sizes and, therefore, very snmall

el ectrodes within very tight tol erances. Wen testing blood or interstitial
fluid glucose, one of the main factors discouraging regular testing is the
pain involved in extracting the required anmount of blood or interstitial
fluid. A larger volune typically requires a greater anount of pain than a
smal | er voldtpmdui@mmn tlhetdebgn@dﬂ&mﬂ@:gedwﬁucal manpasmﬂlmaﬁaﬁ@mtsfthhat require a
smal | er armqi%c 8 YEIEOOd or erstltlal f}l&u reeltgd therefore are Ies]s

pai nful to qRodes B aragtie %gf%ﬂt%rﬁ ARY. PEIEseGPPUGHO RS ARA g ReBiaRg. One
way  of re%ﬂs‘fﬂﬁe&tﬁ%ﬁl@&@é Yéq%u'e%eﬂs@r 1@9&@&% Iﬁhﬁ‘ﬁla&%gﬁﬁﬂ &ﬁﬂstré&i!&ﬁ%he?& rips

having a very snal ructural features such very snmall sanple
recei vi ng db¢ fngnefaciurgds gonervettin particulargdlemncegite mndextth@slectmhpmmaksgowsn ng

cel 1, MO hng SR RL Ll GAVESRoI0A, ] heuhc kosfauT act ure,

parti cul arly IR accurate an ucl “Renner S0 der to pr oduce
accurate and reprodu0| bl e anal yt e neasurenents. Many nmet hods maybe used to

manuf acture el ectrochem % sensors, | udi n& fb rocesses %s
rotogravure and cylrhiep %‘E‘r‘réthgd’rﬂ?qsﬁlslqr’]l@ &Fﬁt‘fa X g Tagetre
cyli nder lsseﬁ%ﬁ%wehéb@v&?éﬁcmgnm th@kéiﬂox%'ﬁ@vé@?ﬁnﬂf cdingzdseadure (e.g.

el ectrodes) to be "printed urther cylinders my used to print further
filnms or | atiz@rﬁ@rf( ey smaH lavtradeswithimgery ightdoletaagasy é’yhen\ﬁmme blmd or

el ectrochemni §1€fﬂ§ f abr n

el ectricall y%g%lﬁ uc ? 1uc<§se &{) d rﬁg%lr%:kg)r?hg&ma If%regu 1 dggét"% P he FExi bl e
web, whi ch imeylvéakin epmbcymgﬂldreq&&eghnqmad oftbjoodroir ittersiitial nid. (Ar'laﬂgﬁr mﬁﬁd: bl e

using very thin inks. For the thic nks and gr.eat print thicknesses
UL e wHERODI TSI ot s AEHE A Pain GBrBRaler Talaaer Tap, it B iaEstisy o

general |y bt@%?odﬂl@@%nb&s $aPEfiré £8dalldr anolRGf BlobB bl HeerfitiabheRlh@aRestdeal 2 W
O 2004/ 04029 CT/ GB2003/ 004694 sensors. O her nethods, including nmethods

of manuf act e jesgpainiskioruse rapeuraging meEciegular 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

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



using rotating printing structures have al so been described. In a web

manuf acturing process for electrochem cal sensors, a web of substrate
material is passed through a series of print stations. At each print

station, a new |layer of nmaterial such as, for exanple, electrode material,

i s deposit e¥MOaW4PH@9substrate or on a previously deposiPCEGH20038046861 ng, for
exanpl e, 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
positioned below the screen. Thus, it is possible build the electrochem cal
sensor on t kensergbSthiearethods, maludigg tethodsefisdnufitcairing elacoochepri¢ahtensérat i on to

the next, pri.nting.each | ayer consecufivyely an utting the individual
sensor's frBﬂPgﬁﬁﬁhqﬁﬂqgﬂ@ﬂ&ﬂﬁﬂye VSH%Oﬁ%Wd?ﬁggﬁ'ing met hod an el ectrode
| ayer and at least a first reagent |ayer are manufactured by transporting a

continuous web of the substrate past at |east two print stations. The print
stations may be cyllpadysbaranufastusige atasess for gleptroshemiral sensers, & yeb aligbsiae een

print stati %%eﬁal'%ﬁﬁéfs%é t}ﬁ&%%(?xq{s%}éw &p%i%ﬁ%/tﬁdng%@gﬁcﬁg%@(& Sy hév@%%fe) of2Nd

cyl i nder screen I nt1ng otati ng ndric creen/ st enci net hods of
printing suffagriatinehsdlsexatnpte, elpctraleinmaerel, écdaposited windlad substrgoosoron a web.

Rot ogravure printing typically.qgiyes very thin rint hei The thick
Sl ectr oal | praRptR e dhuh o S gertied PR Rt Scln Ty SfeRode

t hi ckness f @rin@hELsibeRsesweris posifisduni@snefdedbhd/ad RSPr &QimpK, @0d gl ucose
detection) are particularly likely to suffer frominconplete, inconsistent

printing wi cpndugive ink gsadita mrake elecEades is muphed | trengtnidiastad partions At Be sergen fot v,
consi stency habi Li r el ey ] - I ich
typically h ggpaafaﬁ%ﬂgrﬁbfgg Iaitl%edggeﬁ%l%? [agﬁ‘lcr} O?atﬁéb cg{éb’ggﬁt#e{”\g? gg%tl?@%dfb (@)r %Vpé%wc}uci ng
car bon el ectscreetesThius, iespessilat byildiiht electud dhemiak seases ohitldy dubstrateby mheingshe n t he
i nk can separ

ate resulting.in.inc | ete or. uneyen fillin r emptyi ng of
Lhe _engr av PG IREGTATDPIGHEE SOHPT Fhe Aot GriBtng Fiot FVeT FqRserRayaN 2p1 Pyne
t hi cknesses giddReBEBRAdor 8 FronPthe Gafshewed. ect rode qual ity and consi st ency.
Cylinder screen printing is well suited to single feed arrangenents (as

opposed to continuous web arrangenents). Furthernore, the ability to

gani pulate the vay fRge ihGEOLRS HEMGH Sn Yedtd db My ePhddtt 1436 AT Li3entlife1ENCE

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 when
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 glucose
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 Vemptying of the
engraving from print to print. This can result in uneven print thicknesses and degradation
of carbon electrode quality and consistency. Cylinder screen printing is well suited to
single feed arrangements (as opposed to continuous web arrangements). Furthermore, the

ability to manipulate the way the screen interacts with the printing medium, and hence



WO 2004/ 040290 PCT/ GB2003/ 004694 exert influence on the print quality by
doing this) is limted because of the cylindrical nature of the screen.

Al so, the variety of stencils available to achieve the correct ink

thi ckness for each type of ink (Carbon, silver/silver chloride, insulation,
enzyme or OYR0V4QUbent |ayer) is not readily commerci ZCHEBIRPR] e

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 from DEK Machi nery, Weynouth, UK and BTP Craftscreen, Coventry,
UK) arrangectXpaimﬂub@de onghe P@ltﬂhdi’f}’bmldgitngdﬁé is:b'\mdsdb@aim of thrd qyliedrieapon. Thi s
process has t anta e,that the. se e duced in accurate
r epeat abl e an ﬁe? Sctr?leg’t Agsoutt]s]grva%% Q%% ?%V %@u ac 6 etcoﬁ(ga‘tuf.’ikti nme.
Sheet s of Sthlbﬁﬁd’sélfo@ ety offihk mgarbﬁm&ﬂ@ér/sﬂ{ré’rlcm‘&)nﬂéleﬁQMOﬁ,r @zp@as seethéhr ough
several flat bed printin a es with the rows perpendicular to the
direction ofre%gea\/lé}’er)’lsr‘i“’?ll’?ﬁ@ Yn%’ﬁ&‘?%%‘f‘]@(?‘ﬁ‘&atﬂ?ocess thin layers of ink are
sequentially screen printed on to a polyneric substrate to forma | arge
group of sensor strips. Firstly carbon ink may be laid down to form an

el ectrode | ayer. NeRlectrephemivgldensorior testing Blyed orrmigrshtiall ghiapseiman alshlbxt  a

r eagent Iayer ically enzyne ink d enzyne
ayer may- benpaiob PR AR ok e ine BGLn s PR e R i SRRl Ty o
hydrophi | i c dvajisile fig Kippdxaild, IdmimrsﬁéldeKt&dRegletef-prinmmyioxkgejl()mnaced on top
of the sensor sheet before prior. tq cutti n%_the sheet .into_rows and the

t

rows into iREFPNREARARK dreyghscresn steails avallblerTomBEKMechirggy. Weymouh i of
substrate gz i 0 r g&ﬁ% H.ps are
arranged i Wg% ﬁscré%egggengf? chz d ?Jﬁémég?or %%’?lﬁ gﬁlbglfﬁf ?egg%(lfo Hgf t he
substrate srmeitedtdnoou@hlsume:ef»ﬂ las tli@@dvqmrcagatﬂmt thetshissoth qae bk ipomiuodd inpni nt i ng)
with 50 sensor stri to 50 in aral |l el
to the dir&tt" 8{? 88?6??”8& Sogé%t ug?fec&? C%W%Eesﬁgsﬁ%ﬁl 338% %Bﬁ‘g B@t ween
each stage. substragafot paatinyroe bl apsferebieart padsePihrduighsbhpal flat Béd Imdumgl ng
carbon ink, insulation ink and_ two |ayers of enzyme ink) each sheet nay be
mani pul at ed %@geﬁa thetoys gerpgrdisuly t?rﬁ}?rﬁii“ﬁ‘éﬂoéld)f trtah%lt Ip s a&p'eﬁa?@n%ws@wone
al ong the royg 1§f‘e?§6ﬁhk B s@(ﬁlﬁnﬁﬁw Rfeed PASOA o fd d ﬁlﬁyﬁ&@é@ub@tpﬂé Rebrm Neatpe €aC h

row maybe manipul ated so as'to be cut into 50 separate strips. These
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 O 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.



mani pul ati on steps are tinme consunmng and inefficient. 4 Therefore there
exists the need for an inproved process for the manufacture of

el ectrochem cal sensors, and in particular, for the manufacture of

el ectrochem cal sensors for neasurenent of markers in the body such as in
bl ood 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 reasonable cost. Further there exists a

df hi gh
Ctrips having vely oa foieglh e nbaRpd hotfed kel ROPRARLBRRISRLCT

reliably, eleétﬁﬁhérh&hl 3enddtd, andda pamicelay, forths M@uﬁanairglbﬁdeumchamdaysefnbmscth; in a
reproduci bl e manner. It would, therefore, be advantagequs to devel op a

met hod of MeasEeRRIY of Magkeseinghe bodst fich@s frblpodvay wfeastiied ok i ts of a

single fegd I ont i nuous
web pr ocobctorfe BGmBloL H 4athoshy Snde it Mish AheBR TG % nih a0l
nmanuf act Upied@tabi) SproduciBlo svay 36 APnafactard JeRsIYRipyaba praacesiec vdst. churched theed

utilize rotogravure rotating an engraved cylinder) and cylinder screen
printing ¢¥igs aneediosadygh seed wrhct@éfr sempduceiie ay B RBASIUENENSOIAEIRG d not

share the f | ON
I one. onBRRELY spf fALES GhER, dtn RRRS TR) RAYbe MR e by

el ect r ochagrueandly aeasae anaﬂyiesldelsodﬂyethﬁmmtalragroaumbh ménnar.substrat e past one
or nore print stations and printing one or nore el ectrodes on the substrate
at one or nore print stations by screen printing electrically conductive
ink using flat sc ligt inti i j.ed
out usi ng a movabh SPGB ke WRER okl b WBlol G S SR Ml Bl g Bkl

i nvent i onsttipetiat mainpdined e derfitappasiagle Seddoflatimdrpyintigg oiletateinivgt the spaed
herein described conprising a weh of a substrate for printing an

el ect r ochahg eItinyeyssWeb PIoeessof!, W@Hé fyrtherppedesiyablgtto devalopamethnd ofy i nti ng one
or nore eLq L00A% éhs&hﬁgg&’{?ﬁ%@k&ﬁ%o%@eﬁm@S%1851{ By vk ﬁﬂh?é’&% é@u?ecr een
printing e r|ca y con I'nk usin at screen printing, erern

flat scr eemtatmg anth@rgvédscytiader) and Oyltndaswﬁ@n@rhﬁmgl()ﬂo&itfdgaicy&ﬁdﬁﬁh I n one
enbodi nent of the S) resent invention, i nsul ation | ayer t%l’l nted on
A

the subst pae@/signci) pictheds §@%thu§ﬁldo@ot§b%r§8w lﬁhffrﬁl@tm&mgﬁcmﬁg Fass Balpdk usi ng

flat screen printing.

SUMMARY OF THE INVENTION

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

printing is carried out using a movable flat screen.

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

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



5 WD 20114/ 040290 PCT/ GB2003/004694 A first reagent layer is then printed
on the substrate at a further print station by screen printing a first
reagent ink using flat screen printing. A second reagent layer is printed on
the substrate at one print station by screen printing a second reagent ink
usi ng fl at WceEH2%r i nting. A second insul ation | ayer PSUEBINPEH BN t he
substrate at one print station by screen printing a second insulation ink
using flat screen printing. The second insulation ink conprises adhesive
ink. One or nore further el ectrode, reagent, insulation or adhesive |ayers
are printed on the substrate at a print station by screen printing ink using
flat screen printing. In this enbodinent of the invention, the flat screen
printing i sAdastirégentduyer isthagpantedroy tielsebsirhiatat 5 Airtenpriiiatation by keesidvabl e
flat screen i.s_ novable relative ho a printing 5P05|t|on so that it can nove
with or in PHRYINg3JUS;reagent ipg upipg Hlalicrden aniiing frscenddeaespilaysrdt inted ots t he
web travel si@ugkstubfdGt Bhd ISHnt Bﬁﬁbﬁ bPSerednprizfifg EEQEQHA FE%Eént‘H{k Jsih% R EFEAL
invention, one or nore €lectrodes are printed on thé substrate at a first
print stat i bigfingy Ass:ep@éhnwlatm lnypr &4 peisttedi aneth¢ substoriel alcariepeint stitiandiyrsgreed | at
screen prin S . t. rate at
second pri n%ﬁrﬂglgta‘aseédnd 155“%%?53? ﬁs(?&nﬂgaq)é&eedn&u | 'a :jsggonidr%%%lljazlgﬁz | at screen
printing; acdémprisks ai&hagemtnkl Heror rrﬁ)rqs)ﬁlruhéxesﬂlectxo&e trmeﬁtutmsmla@dreoraadhd%ivred print

station by reen prlntln a first reagent k using, flat scree printing;
and the | ayE’?’%‘S aredrigt @ FUbsErg At PR station Q)é%??& FrigHpe K Ysapdiat sesenpe
printed on ,kheS lﬁbﬁﬁs’f éiﬁl?od%erﬁ off HelihvtnBEd, Me B 8&rkQprit¥ing ¢ GSiedYut ﬁ§1hg19 a
second reagent I'nk using screen prlntlng I n ‘'one enbodi nent of the
present i nvmwaldmﬂattsh@em Wé@rewheewvalsle ot sareemisghevably relative tpatprinfing ubst r at e
inthe dire f, R e |nt|ng

poSsi ti on mﬁ(t)sht?on 3 th:eR 1t c%gpog/ %EheOQ?rf\%@%p%cgs%tg cuttlog o?thep\}ﬁ\{) oF § @sp

bet ween apﬁm&mannubdWd&&m&mdnéﬁmamﬁntmnﬂmnpart|cuIarIy, t he angle nay be
bet ween around 25 to 35. BRI EF DESCRI PTI ON OF THE DRAW NGS The novel
features of the invention are set forth wwth particularity in the appended

clainms. A better ungdgistAbsHimentQF tHehRestRahwthisn, 306 oPAYRMRUBEesQte frhiledr €SENT

on the substrate at a first print stations by screen printing electrically conductive ink using

flat screen printing; a first insulation layer is printed on the substrate at second print station
by screen printing an insulation ink using flat screen printing; a first reagent layer is printed
on the substrate a third print station by screen printing a first reagent ink using flat screen
printing; and the layers are printed in that order. A second reagent layer may be printed on
the substrate at a fourth print station by screen printing a second reagent ink using flat

screen printing.

In one embodiment of the present invention, the flat screen is at an angle to the
web of substrate in the direction of printing as the web of substrate leaves a printing
position which angle may be acute. More particularly, the angle may be between
approximately 25° and 45° and, more particularly, the angle may be between around 25° to
35e.

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



6 CVO 20041040290 PCT/ GB20031004694 invention will be obtained by reference
to the followi ng detail ed description that sets forth illustrative

enbodi ments, in which the principles of the invention are utilized, and the
acconpanyi ng drawi ngs of which: Figure 1 is a schematic di agram de |ct|ng 8
sections ofVQME+MB0printing process. Figure 2Ais a scﬁ@ﬁﬁ%@@lﬂ?ﬁ

depicting a first and second sections of the web printing process. Flgure
2B is a schematic diagramdepicting a third, fourth, and fifth sections of
the web printing process. Figure 2Cis a schematic di agram depicting a

si xth and seventh sections of the web printing process. Figure 3 is a
schemati ¢ di agram depicting a hum d environnment around a fifth and sixth
sections of itveatiosebillbe obtdimgl byfefpugnee th ths fodlolvixtgl derailed descriptiorcthatrsgts dorttin d
environment _around a fifth and t.h sect of the web printin Figure 5
is a perspedfysFaisERpodiment Spfnp%ﬁ«xﬁfh?%@wp afﬂ*aﬁgvenﬂf#}aap #di g chemt i ¢
dlagran1deph&khﬁgnﬁ § bRGGngEWRichii gure 7 is a schematic dlagranldeplctlng a
print cycle Figure 8 is a schematic diagramdepicting 2 different squeegee
angles. Figure 9 is a schematic diagramdepicting 2 different squeegee

posi tions. 0] 9 &Q]%Sé schemati c

di agr am depi C%uly%?s% Séé‘%ﬁ%ﬁugré%é‘% tarnce &Q@%Gbrfgl:l Iﬁg&g bﬁo)?p Soded vi ew of
a preconditioning zone (211). Flgure 12 is an expl oded V|em10f the first
dryi ng zone

(230)° "B gat@rad st ileii Gt Rur By ©H A Bt O e (o BBy gur o

15 is an exptedad view of a fourth drylng zone (236).

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.

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

sections of the web printing.

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

of the web printing.

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

Figure 6 is a schematic diagram depicting a flood cycle

Figure 7 is a schematic diagram depicting a print cycle

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

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



Figure 16 is an exploded view of a first cleaning unit (204). Figures
17A-17D are views of an insulation |layer to carbon | ayer with proper
registration. Figures 18A-18D are views of an insulation |layer to carbon

| ayer with | @g_ﬁ(ﬁr . F€gistration when the artwork resulting fromthe screen
301 is stretc : &?)ﬁur es 19A-19D are views of an insul ab¢HaBrEFeNH640 car bon
| ayer with i nproper registration when the art work from screen 301 has not
stretched. Figures 20A-20D are schematic diagrans depicting the print
results for operator registration of the web using a first view guide for
visual inspection during an initial registration process. Figure 21 Ais an
exanpl e of a sensor sheet with a first and second web view guides; first,
second, thi Figuant) & aschdmavic degrst detictimg arverckss snapristadce.egi st rati on marks.
Figure 21B is an expl oded view of one row within a sensor sheet with a
carbon X registration mark. S WD 2004/ 040290 PCT/ GB2003/ 004694 Figure 21C
is an expl ogpshyi eWaRExSIB@d AW OF  PicboritiRRKEOons (28], Wi th an insul ation X
regi stration nmark over coating a carbon X registration nmark. Figure 22 is a
schemati c di agram of paraneters X, Y, and O used to register the web
printing preg oF R Tl VE EMBODI MENTS OF THE

| NVENTI ON %?gg’ﬁe?lez %@ﬂg@éﬁgmtlgzﬁgﬁ?#ﬁg@t'hg 8 sections of the web
printing process according to the present invention. Section 1 is an

unwi nder uniit 101,. Secti.on 2 .i s re-.conditiopi station 102. Section 3
is a carbon B lgtaﬁtef‘@ﬁd%‘g?wggég‘?c%dmzﬁﬂe {]"hgﬂl ation print station
104. Section 5 is a first enzyne 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. Figuréd4 is apexplpded-gewefia Byrdidsyag zang(@3®d in the art that while the
foll owi ng description relates to a process and apparatus concerning these 8
sections, the process and apparatus of the invention can be enbodied in
greater or freguee 1hismbexploddd Gew o o fisurthFdnyingzang(286)whi | e 4

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.

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

registration when the artwork resulting from the screen 301 is stretched.

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

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

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

registration process.

Figure 21A 1is an example of a sensor sheet with a first and second web view guides; first,

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

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

registration mark.



print stations are envisaged in this enbodi nent, one or nore print stations
could be used wthout departing fromthe scope of the invention. In one
enbodi ment there are a mnimumof two print stations for printing an

el ectrode | ayer and a reagent |ayer. In one enbodi nent of the present

i nvention, WE2HH#H290 nay be i npl enented using a substr ACF/GROSIN0E94 unwi nd
unit 101 such as, for exanple, a Martin Unw nder/Automatic Splice which is
avail able fromMartin Automatic Inc. in Rockford, 1IL. In this enbodinent of
the invention, Sections 2, 3, 4, 5 and 6, maybe inplenented wusing a
nodi fi ed Kanmann Printer, which is available from Wrner Kammann
Maschi nef abri k Grbh, nodel nunber 4.61.35, in Bunde, Germany. In this
enbodi ment of the invention, Section 2 may be pre- conditioning unit 102.

Pre-conditi nin nit 10 be. used to precondition ubstr 42 prior
to printi ng glggdf %Wg)%%deg?ﬁ/e\xgo Eong regv wain aensor sheet ngéi’é@ﬁ B?‘? car bon,

i nsul ati on, rebisfrafonShA¥ FReradatimer QbreR ZpRralitk®akNt 0 @ substrate 242.
Section 7 may include rew nder unit 107 such as, for exanple, a Martin 9 CVO
2004/ 040290 PCT/ GB20031001694 REMAnder mhich IS available fromMartin

Automatic lpc. i) .Roc Il tion 8 such as,
for exanplefggfﬁﬁé%%s%ﬁﬁhgéaﬁ‘ %?ﬁé%ﬁ' %?ggggg reggwgin Lenexa,
Kansas as ngﬁgh,@m&hgg 2024-P—40T XYT CCD CE. VMile speci fic nodels of
apparatus are nentioned t hese pi eces of apparatus nmay be varied and/ or
repl aced and/or omtted altogether w thout departing fromthe scope of the
invention as whkiy hﬁﬁdym@mwwmmmh;]ﬁmwﬁb?haﬁgms ot es 2A 2B
and 2C are schematic diagrans 1llustrating the pat substrate 242 as it
passes through Sections 1-8 of a webINVENTION process according to the
present invention..ln one e e l.nv ntio .erial used
Por substrat e 242 T LR SRRIlediiorh o oa AR & e SuER e R 2ps
ST328), whi adeotdingB e gredent mderbijanSRQibh 1 i @i yivinder il 10 BubstibaRes 24R- | S
supplied in a roll of material may be, for exanple, nom nally 350

nmi crons t hi E9dipnEEGHteRlfe %??&O%Bﬁwrb%mﬁt pAtqreh{t i$ec toekis an @gssHaR ons of
thi ckness agﬁmvym%ﬂ 158VEheEy if @Hiafie&zgvm@snn%iénbﬁ Yhar SacisbligbleodPr the

production of el ectrochem cal sensors l'at screen printing on a web of
substrate. ¢idysieipsint station 106. Section 7 is a rewmder 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
a process and apparatus concerning these 8 sections, the process and apparatus of the
invention can be embodied in greater or fewer numbers of sections. For example while 4
print stations are envisaged in this embodiment, one or more print stations could be used
without departing from the scope of the invention. In one embodiment there are a

minimum of two print stations for printing an electrode layer and a reagent layer.

In one embodiment of the present invention, Section 1 may be implemented
using a substrate material unwind unit 101 such as, for example, a Martin
Unwinder/Automatic Splice which is available from Martin Automatic Inc. in Rockford,
IL. In this embodiment of the invention, Sections 2, 3, 4, 5 and 6, may be implemented
using a modified Kammann Printer, which is available from Werner Kammann
Maschinefabrik Gmbh, model number 4.61.35, in Biinde, Germany. In this embodiment
of the invention, Section 2 may be pre-conditioning unit 102. Pre-conditioning unit 102
may be used to precondition substrate 242 prior to printing and sections 3, 4, 5 and 6 may
be used to screen print carbon, insulation, first enzyme and second enzyme inks onto a

substrate 242. Section 7 may include rewinder unit 107 such as, for example, a Martin
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because of the requirenment for the material to be robust for printing yet
mani pul abl e through the apparatus and of sufficient wdth to acconmobdate a
suitable quantity of sensors to render the process conmercially viable.
Substrate 242 may include an acrylic coating applied to one or both sides

t o i nprove WORWAHHEYI on. Pol yester is a preferred mater PAN/GB3BAMSR | t
behaves satisfactorily at el evated tenperatures and tensions used during the
web process according to the present invention. Wile polyester and indeed
Melinex are the preferred materials in one enbodi rent of the invention, the
use of other materials can be envisaged by those skilled in the art from
the description provided herein. |Indeed, anobngst other things, variations
in materi al Relvimlknedsch ivadiilablafidnl BaginAwtematienerin Reakfort, Ila. ISattar8 mwy dt h or

| ength offering additional capacity for the productiqn of sensors and a
variation i H}CI‘%BP&“PQ} 1(_%8rﬁuelki{£?°§ K Elﬁr?ePrE‘?o_rlg*H_ﬁ% Phirbes e la A Gopireco _
precondi ti OBidig in Pendx@ R AlshPis R PMInhHRE 20 P20 T RO T CODECR! Yifile/spétiferbodi ment

of the present invention, prior to entering carbon print station 103,
substrat e 24®dek of aprasdes aromgntigngs, thesa biec¢sAdappasatps werbe varisd daderi ng t he

substrate u L i b BerdRES ool BRIL] t-epsi otry
and ensure ?Wg%e&gﬁ%gt%%tggékfg dg%%{r&%éllﬁg S n%nflmr?rﬁu%@ @r?%ra]ogﬂgnlgPé{é@ {s}tal %)rti on
during the welbpondurstowgl tprtbeeskilleirethe attenper at ures of between 140 and 160C
at tensions up to 165 N may be 10 WD 2004/ 040290 PCT/ GB2003/ 004694

encountered. Typically the tension used has been mnimal, just to sufficient

to drive the web tHEQUOI FPaaSRd 86 scHeRWBY Bhgraink illRGHGARe pAHRE iRkt

despite this heat stabilization process, varrations in registration from
print step 242 p¥itpassettbypueh Reciont t-3odasiengrisngsprpcess agoorgies toTthepresent
precondi ti onj . i j L af. gl i Lbnting. As
W11 e expliRdt 8 oBE S FEReh U GRoh TREMBHE daPlp Mol BOT | 12
substrat e i % pobaitedmatenal {tridempercdtielinex & YTH28g Whychli6 athfagmedtbarDillvan any

tenperature it.. ou rs.during the .later .printjng.steps. Lnh one preferred
erbba ment ICUBSY Pupr e 1 Sl in gl e FeleBil R B bt RiieBng 5650
during this Ri@sapdsd kRdabRohik ®p 370meeside hdd dppko. s@d@@ﬁil@"ﬁ%m ThéR

conbi nati on of preconditioning and pIaC|nP under tension has greatly reduced
o

the vari at idnensions pf thipkness gnd width hayie bapmifonniodanartionlarly suitablafer tr oduct
yield. In Og;t?%délr%ﬂmp&i’eﬁ@‘é Bcﬂméﬁg%lgg\é%?hh%reeﬁ SBlihtneldn SHESL AbSeA4 2t &

spliced tog I'n elther unw
because of the requirement for the material to be robust for printing yet manipulable

through the apparatus and of sufficient width to accommodate a suitable quantity of sensors
to render the process commercially viable. Substrate 242 may include an acrylic coating
applied to one or both sides to improve ink adhesion. Polyester is a preferred material
because it behaves satisfactorily at elevated temperatures and tensions used during the web
process according to the present invention. While polyester and indeed Melinex are the
preferred materials in one embodiment of the invention, the use of other materials can be
envisaged by those skilled in the art from the description provided herein. Indeed, amongst
other things, variations in material thickness, width and length can be envisaged, a larger
width or length offering additional capacity for the production of sensors and a variation in
material thickness in some circumstances aiding the preconditioning, or registration during
printing. In a preferred embodiment of the present invention, prior to entering carbon
print station 103, substrate 242 is exposed to a heat stabilization process, by heating the
substrate up to 185 °C without placing it under significant tension to try and ensure that
substrate 242 experiences minimum dimensional distortion during the web printing process

where temperatures of between 140 and 160°C at tensions up to 165 N may be
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unit 101 or rewi nder unit 107 using splicing tape such as, for exanple, PS-1
Splicing Flat- back Paper Tape fromlIntertape Polynmer Goup. Figure 2Ais a
schemati c di agram depicting section 1 and section 2 of a web printing
process according to one enbodi nent of the present invention. In Figure 2A,
section 1 i%0gM44iaPthder unit 101. Unwinder unit 101 i nACTAeB063/004894 ar bor
200, second arbor 201, first splice unit 202, and first accunulator 203. In
Figure 2A, section 2 is pre- conditioning Station 102. Pre-conditioning
Station 102 includes first cleaning unit 204, second splice unit 205 which
typically is not used, inbound nip roller 206, second cleaning unit 207,

| oad cell 208, first print roller 209, first drive roller 210 and first

drier zone 2dcbuntered! Mepieabole masibn Qéedthaebédn\RiRinh ) Judtltd bisttitiehad diiRe fegur e 2A,
unwi nder unit 10 1 consists of, for exa a Martin Unw nder/ Aut omati c

| e
Spl i ce whi cheb guoughdhe beataacllowevgr.dt has pad thatglespitedbis besistablizations t r at e 242
b ' PSTUR e o O B
i ey oAl A M B 505 20 O OB GULAELEL

Unwi nder un 1 may I nc econd unwi nd
arbor 201. Koluee. Thed, a precandibonicgsicmhasbebeintredused sumediataly ppiomtmnphirging. ABi r st

unwi nd arbor .200 hol.ds..a roll of ,substrat.e.materjal.?2 and, conti nuously
feeds subs fvﬂlig%e’?iain?dﬁef)e%qﬂg L& H’&iW‘?%ﬂﬁﬁh%mg% AL Gﬁwﬂﬁ% 8i° WAl hﬁge%e cond
unwi nd ar boto 2Ripehaniré@ygicdllyalsdby) greiter thin gyhempaitareddencoutreslutifig the
automatically spliced to the end of the roll of substrate 242 fromfirst

unwi nd ar botFEINERSHFRSHE PePEHPTELmRINTRMS theappitpteds alse ket vade tansiopo
2004/ 040290 éﬁﬁlél%m R8#48 3hin 2R pre g«ﬁg@ggﬁr gte%niaaeéarﬁ% Smb&RRRAS ther OM

first unwi nd“arbor 200 to Second unw n 201. A substrate materia
accumul at or co@Bingtiaraprecoptitielangand plecing widgt fensién kastpseatlyredugadtheand

di spenses the.stored substrate 242 into.pre-conditioni ng,station 102 of
section 2 V\/r\{ﬁl%on§ Heg) gfﬁgi:slﬁgtéonoapngirlgﬂogﬁd §I€%Sélﬁfﬂq§5°éﬁlcwlgld‘r O%epl ice unit 202

(during whi elmbbdifeniostithe nhentioh)slls oflsubétract 2wk splid€l peth&ta effteruawidiedr ar bor
201 are stationary). The splice created is a butt splice with a |length of
splice tapeUs 1@} pHeyinderui07usime saliang tape sich ahdoy ypmple, Pirloyrlisingtddat- ensur e

qual ity, appLXpgetBipk fbHRdtapE POLRE: GHApI rate may be di scarded either side
of the splice. First unw nd arbor 200 and second unwi nd arbor 201 incl udes

web edge guides (not shown) which guide substrate 242 into first splice
uni t 202. The web %qgﬁe 9&'195 Sch@nftic diagram depicting section 1 and section 2 of a web

printing process according to one embodiment of the present-invention. In Figure 2A,
section | is an unwinder unit 101. Unwinder unit 101 includes first arbor 200, second
arbor 201, first splice unit 202, and first accumulator 203. In Figure 2A, section 2 is pre-
conditioning Station 102. Pre-conditioning Station 102 includes first cleaning unit 204,
second splice unit 205 which typically is not used, inbound nip roller 206, second cleaning

unit 207, load cell 208, first print roller 209, first drive roller 210 and first drier zone 211.

In the embodiment of the invention illustrated in Figure 2A, unwinder unit 101
consists of, for example, a Martin Unwinder/Automatic Splice which is used to facilitate
the continuous movement of substrate 242 into pre-conditioning station 102 under a
tension of approximately 8ON. Unwinder unit 101 may include a first unwind arbor 200
and a second unwind arbor 201. Note that an arbor can also be referred to as a mandrel.
First unwind arbor 200 holds a roll of substrate material 242 and continuously feeds
substrate 242 into pre-conditioning station 102 of section 2. Second unwind arbor 201
holds a standby roll of substrate 242, which is automatically spliced to the end of the roll of

substrate 242 from first unwind arbor 200 ensuring a semi-continuous supply of substrate
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adapted to prevent substrate 242 fromwandering 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 nore usually 6 rolls of substrate at any one
time. For those print stations connected to a continuous supply of ink, the
nunber of rYPRYWHYPHE used is not usually a problem HoRETarB2003/08469¢ he two
enzyne print stations, to which a limted anount of ink is supplied, the
nunber of rolls to be used is an inportant input parameter. Indeed the
nunber of rolls to be used determ nes the anount of ink placed on the
screen prior to start of the printing process. For exanple for a 6 rol

run, 6 (or rather just nore than 6) rolls worth of enzyne ink are placed on

the screen pHi Phis tohtiniBusSirddss (%{pez_% B 6 volirRIBRbHorab0 $€ sdcbANEnwind@Rbop-  Thus,
the enzyne ink needs to be kept in readiness for printing throughout the

print run t¥PlepAsupsirateonaiesal aaeumylatpid(3ritpresta rradejerminpddenatihel sihgrate 24% e of
th i nt T ha - i nt
€ print T dlﬁeﬂ!@% hlg{g?oze(gﬁ%?mﬂé 368 g-g§né6$@%nr§s§,£t?o%ﬂoz %fg&ﬁoﬁg%ep“ n

stations to ensure icrent a me i nk can dto
t he screen the spimittg apecptibn takgs plaee indn g aplideomii@02 hypiag wiyctdtime begh gher first and

al so reducin he risk qf the enz i overf.l owi ng, the. screen.and onto
he web subbad B5oF e gotoBR S Boor ADb e SLABRRP At SOl eHa L ek
invention, sHbsHitAhfentfilof splibiage siNéller Ade dRASnARHAN at ARGEMX HRr&drYo 165N

t hroughout the process in order to maintain registration of the four |ayers

to be pri nt@sueaypityArpyoximately i0m ofmsigied spbstiptsimaydiecdispardsd eshea siolgf thehe
substrate 242..1 Sg: hect 1 IReIAL l ess in
order to drsi}%tc %eFl?%ﬁﬁﬁﬁlggk ll?oﬁ I%ggétﬁj&r)sieﬁg{de‘glﬁm{)% nt |O§BH%§%BQJCBJ§§Q%C%‘H§% S

t ensi on and(nbeswenpwbick guidesnlstrat)24B énta first 2pIidOUAD Q42.0T2VEDL EAgE/cGE2OQAS/ 004694

tendency for,s trate 242 to retch ar .expand. during th racess d
conseq ug nt | V@%E ?0 PraY Y F‘é)egtrf‘tﬁgi% g@%‘?’?@?’i‘?ﬁ(&tl sk Flléﬁ I(f?é?mhﬁégsé’%%‘émf ge size
variation fromprint 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 tol erated. In tRhupiesbode maghingef theivericads seHp {9 pradecededreend apddlire 2A,

Secton 2 | g RSOl ARG Lk P B SO AONGSEH 3 Dl

to reduce ttmtianmstppy ofinpaths nembexrd rallstebetsed is not usually a problem. However,
for the two enzyme print stations, to which a limited amount of ink is supplied, the number
of rolls to be used is an important input parameter. Indeed the number of rolls to be used
determines the amount of ink placed on the screen prior to start of the printing process. For
example for a 6 roll run, 6 (or rather just more than 6) rolls worth of enzyme ink are placed
on the screen prior to the start of printing in each of sections 5 and 6. Thus, the enzyme ink
needs to be kept in readiness for printing throughout the print run to ensure consistent
printing of enzyme over the whole life of the print run. A wall has been placed about the
screen in the enzyme print stations to ensure that a sufficient amount of enzyme ink can
be added to the screen without requiring the screen to be topped up during a run and also

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

running below it.)

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

printed inks during each printing step. Due to this tension and temperature, there may be a
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wi t hi n subsequent sections of the web process and also to aid the

regi stration of substrate 242 through sections 3-6. Preconditioning station
can heat substrate 242 to a tenperature, which is not exceeded in the
subsequent print steps. Typically this takes place under tension of between
150 and 18CKOAYWHE4RYDbi cal |y around 165N. However, in an®CR&B206MB584 nent
pre-conditioning station 102 can heat substrate 242 to a tenperature
sufficient to renove the irreversible stretch fromsubstrate 242, again
optionally while under tension as described above. In one enbodi nent of the
invention, the substrate is heated to approximately 160C in the
precondi ti oning zone 211, which is illustrated in nore detail in Figure 11.
As expl ai nggd mzY&,subdﬁaWZQm&bHprﬁfd dufiflg BHeqsi6d¥ss AddVeRLdqQentlytfile
tenperature to ich_ substrate 242 is healed in pre-conditioning station
102 is not AwpidptheasEaden talemneryndserhihe iuagssizs varaios frpn alfmtsstwgqm 242,

i ncluding s

compensate or ha al (oK PaihiaswelPd SR oo L MRPRERRSEc I and 1\
process of pigberdbandiouldos talgratedat i on 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

paranet ers can t hengfiRregmbdainyeat betle atvestmhillintiated i FipluiteOA, sk@ioaQGoapRdat e a
variation in inmage size wthout replacing the screen, such_as the relative

speed of théo%jétic@&% statientl A Respcondibigning Requssefore qay enass ispiinted ente giet he
amount of | oBQR.S! &6 tr\.!ae’%r2'4§t1§hﬁ@-c5 fiofed o Hﬁu Sgﬂr{?%ﬁﬁ?gxepahgloﬁ $nd BRLGT or e

preferable to precon |t|on t strate rein reduci ng the
over al | i magethsi sabseqnent eectionaeicthe wdblprongsstatxbalwtuaad themegistratisabfisubstege si ze

I ncrease. 2004/ PCTI B2003/ 004694 ment of
present i nvg?ﬁ%/\%)% S?Cglog% %i PreSendiPrnE N4 HCﬁgeagf@Sg?etﬁ?%g’e%teg’aaﬁa&ir%naI

el ements, Whihedh lmcrtfeﬁwmédlmtw beSeun’tlmhht $tasl Tipiedls this edkes plageurded on of  a
web nanufacturlngﬁﬁ?ocess accaording t he present invention. In

pre- condi t | &SR Ofiprtveemipd and SPR I%PF%WPW& Uy agued b@rlﬂ n%o‘ﬁ?\‘ief’ dn agothery gy
cl eaning u n'eltnb f}leﬁtg?e-@orﬁﬁﬁ&ﬁqg é:tflitﬁfﬁrl'oﬁ Qat it subgﬁ)z?te E)Eb gl‘i@ﬁlfﬁﬁ&tand

under si de of st e 242. First cleaning unit cl eani ng
unit 207 usé lteamky thediresisild e settle fomohbstmat: 243, a%mp@omi}ytwkuld widerstefisiaom

substrate .. escribed above.

In one embodiment of the invention, the substrate is heated to approximately
160°C in the preconditioning zone 211, which is illustrated in more detail in Figure 11. As
explained above, in one embodiment of the present invention, the temperature to which
substrate 242 is heated in pre-conditioning station 102 is not met or exceeded during
subsequent processing of substrate 242, including subsequent drying steps. Subsequent
print processes may compensate for the slightly larger image due to stretching caused by
the process of pre-conditioning station 102 by the provision of a slightly larger stencil
screen size (typically 750pm in the direction of travel of the web). The provision of new
screens can be problematical. Other parameters can therefore be varied at each print station
to accommodate a variation in image size without replacing the screen, such as the relative
speed of the screen and the web. Nevertheless, there is a limit to the amount of image size
variation that can be accommodated. It is therefore preferable to precondition the substrate
as described herein reducing the overall image size increase and reducing the variation in

said image size increase.
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242 prior to any printing step. First cleaning unit 204 may be, for exanple,
a cleaner commercially available from KSM Wb C eaners, nodel nunber
WASP400, in d asgow, United Kingdom Second cleaning unit 207, for exanple,
a cl eaner emeyeiadol y avail able from Teknek. Pre-condpti/aBeagostati on 102
further includes inbound nip roller 206 and a |oad cell 208. Inbound nip
roller 206 is used to control the tension of substrate 242 (specifically

t he tensi on between inbound nip roller 206 and outbound nip roller 238).

I nbound nip roller 206 is |linked via a control system (not shown) to | oad
cell 208. Substrate 242 is renoved from second enzyne print station 106 in
section 6 at a cong} 08 in
Section 2 measures t tencglltug%]gof %;[P%gl'?[ 3%%83%%%&&%%1%?%& %Lﬂts ough
the web pr omhslesmkhtminah@emmw hvéhi gr pEsforh flmctwmmlhmh fadﬂnﬂatwtpnobenppﬁratuirﬂoér 206
adjust5|tss§ % der to cont(rloltt%ﬁgte L.on aIP termn set
poi nt. A typi"éaraay §‘£“Pﬁ%8“}°8%?s%°%% R BOReES Hhvfegé?rh r?g 35’5? cordi ng
to the preseot, thdﬂwmtmomemwadinganmplf@s}ﬂcmgumlml\hﬂdmM@éﬁ&n@%ﬂ
specificallﬁ 160N to 170N, in this n‘godl ment. the tension is

appr oxi mat ePY7 BEKh cleap thedop gnd wndgrsideiod sehsirate A gFisshcleaping ppih d04adseeands,
section 4 a@féaﬁﬁgﬁﬁ@m’ﬁus@ftack a&ﬁ‘é@w@rcbﬁéd PR Ffov e PaRRIMALS GohXubitPr esent
invention. In Figure 2B, section is carbon print station 103. Prior to
printing (a2é2 pJacmtﬂgn}sylsmtmmsie;p |Fmsttcé¢dnmg unet\ 28 ingetylbe, for oxmnpu;@cclte)aperv\hl ch

cl eans the top

d d f h
vacuum and 57 ']mﬁrcéaglgt 1Ilab ehémfﬁ%psl\grus 8‘%{?§I 3’@8 rﬂutﬁ SIEW?@ 5% ’tom

brush and \CagediKigdain @&ccﬂﬁ&l@hﬁg@iﬁt&ﬁ’ﬂ fbpexaﬂ@leawle&eerr coﬁh@rom]p apsitsle and
vacuum st ation 250, contacts the substrate immediately prior to the chilled

rol ler 212 &R8 Edkaglm Prercopdiigning sigtion (02 fygtherinpludes inbouadwippelier 306 #d ori or to
carbon pri ntlda'agzell Ib@ meslﬁ{dsmg?omf D5 ABKY Y REMHItheXbREd T sdBikated@Bt act s t he

substrate imme |atet£ after the substrate exits the pre-conditioning unit
102. Car bon (spetincalbtthe tepsion bgwieerrinhonans! rfip rodler 206 dndetthouhd mip rollez 23 &)econd

accunul at or Inlb r\{pn rgﬁér%6g1%9 %ﬂ{a%gc%g“ ng/(s)46 ot sﬁ%?(%) to?ci)ar 1126$ roller

214, first vision PERSOr SEcon roI zone 217
and second @hbsttaeh42db tediovad &oml s&cdddemeﬁfh@plmemho@ﬂ 08 Inesettivonedt ia@bnstant

illustrated in Fi e insul ation print station 104.
| nsul ation PFRY O‘%Q‘E‘}‘HHP i‘éf? g}iﬁt Itﬁi’é@? AY§ i Section 2 measures the tension of

substrate 242 when it is moving through the web process according to the present

invention. Inbound nip roller 206 adjusts its speed in order to control the tension at a
predetermined set point. A typical substrate tension in a web manufacturing process
according to the present invention would be approximately 150N to 180N and more

specifically 160N to 170N, in this embodiment the tension is approximately165N.

Figure 2B is a schematic diagram 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 (a cleaning system is installed (available from
Meech), which cleans the top side (print side) and underside of the subsirate using a
vacuum and brush system, the top brush and vacuum station 251 and bottom brush and
vacuum station 250 are offset to one another. The top brush and vacuum station 250,
contacts the substrate immediately prior to the chilled roller 212 and accumulator 213 and
is the closest accessible point prior to carbon printing. The underside brush and vacuum
station 251, contacts the substrate immediately after the substrate exits the pre-conditioning

unit 102. Carbon print station 103 includes first chilled roller 212, second accumulator
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chilled roller 219, third accumul ator 220, third print roller 221, second

vi sion 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 enzyne print station 105
i ncl udes f oWP2P4OHI2P¢ ed rol | er 225, fourth accunul at or 2XG/GB2WA0KEIHr i nt
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 nanufacturing
process is where carbon printing takes place. O course, as wll be

appreci ated by those skilled in the art, the nunber and type of printing

processes Cars,kecond printadller 21 AOKKst EEipA EdnsSrR 165) RBdrid i vie IVIBR 21l 6)firktRiriet Sone
br oadest context. For exanple, carbon prints nay he provided or one or

t
more print s2i ¥4 seeangshilled rollergd gcﬁni the ?Qdi“BFré§,fthe§i_“¥e61€'?9 gﬁ“F%?d aHigre de i nk
or gold or pal ;e@@&ﬁqs?ﬁﬁ%oh ?ﬂéﬁt ﬁrﬁ%nﬁ@#uﬁggaﬁ&l PR Hafl6n PO inBlhEGlhige | ayer

in the el ectrochem cal senso e insu I on ‘and reagent |ayers may al so

be vari ed i phiflédiotler2l9ptheridtacamulator220, thirdgeipbeller 21, sechiid kisies sersbr 222posi ti on
and | ayout as |.1. as _in_other, par ters rent. .0 thps Killed.n the
art from iR SerRERe o O BROTERE for PR Bl e IR i s ear o
for the el edtierooheni4a dh Figns OB Ssectitiniifs @dt ehBthe prind stafo BOTC Fitst édxyinbe present
i nvention maybe printed utilizing screen-_printing. The basi¢ conponents of
the carbon BrRatgp 107 Hﬁij“_ilS%fL"é‘th C}‘%TIP@EO?]F&%%@I@“H“‘@F%? @0%22661?9&'{'3 priphy
particul ar, Q1esohi apteyifibh MnsSt BRI QBoRCE AeilidGort §stehe aPFFBeMbt dhRVENT 1 On

includes a screen 301, lower print roller 303, prinf roller 600, a flood

bl ade 603, &owhubizgedlend?and thaddrienmdna2¥yueegee 606. | n carbon print
station 103, print roller 600 is second print roller 214. Screen 301 is of
generally flat construction and typically conprises a nmesh arranged to
provi de a negati ve Inh ptdressaictordinlg tolipfseht ilG@ndda) séctikn 8 9f @epldbed to t he nesh

o USed R LB DN & AL 8 S Lle L soron my be
especi al l'y Ta{)ﬁ%@ciﬁt@d b} BRsENAYMEn i 2, ttRinaRDerl dhd WY dtirigtlihg }?%cés@&, cafike t 0 be
used during the entire print run is usually deposited on the screen 15 WO
2004/ 1140290afgdvitRRo dprgovdoun Hie inteatien rits bojadesi oextniorregpnplarisiot he
pressure fromb G IOHEE9E brovitlioP nd GGndrd KrihdvRMUArtbR Srith metallic particles,

silver/silver chloride ink or gold or palladium based inks may be used to provide an

electrode layer in the electrochemical sensors. The insulation and reagent layers may also

be varied in their composition, order of deposition, thickness of deposition and layout as

well as in other parameters apparent to those skilled in the art from the embodiments

described herein. In section 3, the carbon artwork for the electrochemical sensors

manufactured in accordance with the present invention may be printed utilizing screen-

printing. The basic components 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 rolier 600, a flood blade 603, a squeegee holder

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

214. Screen 301 is of generally flat construction and typically comprises a mesh arranged

to provide a negative of the artwork desired. Carbon ink is applied to the mesh and pushed

through it during printing. At this stage the flat screen may be deformed slightly out of a

flat shape by the weight of the ink (this is especially true for the enzyme print steps in

which all of the ink to be used during the entire print run is usually deposited on the screen

P
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mesh stencil. In a flood cycle process in accordance with the present

i nvention, screen 301 is charged with ink 604 by noving squeegee 606, fl ood
bl ade 603, print roller 600, and lower print roller 303, in first direction
608 whi ch corresponds to the web novenent of substrate 242. Screen 301 is
nmoved in se¥BAMWHAH28tti on 607 opposite to first directi SETEORIG004QYpstrat e
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
bl ade 603, print roller 600, and |lower print roller 303 all nove in second
di recti on 6QFthekiacthofils pinpas) ted the ptdaeursvirbm thosgaseyet pashirgy the inkatwugil the
Screen 301 is ved in first direction 608 which corresponds to the web
movenent of "SGBEEPAte 242 for the print cycle where ink 604 is pushed

t hrough screen 301 and deposited on substrate 242. Thus during the print
cycle the screen 301 noves in the sane direction as the web substrate at
the sane or very ndarfpodiggcls arasesspe aepordgnee widh g preser inventiore sereere®t 1801 i s

substanti al | - A t, I est. } Py . y, t

sgueegee 60é%?%%gﬁﬁgmﬁﬂgﬁﬁﬁﬁﬁﬁé%%ﬁﬁ%%ggP?%EPF@GHP%?%gPSgHgggﬁﬁﬁsmﬁggﬁghs

and subst antpriat tojler 313y tofiinsigditeotion 608 veltitlgcoareekspaida frethe ek movemertjuwd egleaate 06 | S
renoved. Th sgreen_ 301 then. noves j.n the gpposite directi.on he
Gubstrat e a4 SHEST g mTeRin R diaton o 2p o PRESHRST ol oyl e
When the i nkybgirateoaidgsr tROH60d HRISTEREMKI2 is dharge bidiscretd 30e i nk 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 typi s‘aﬂéé&ggﬁ‘?ﬁﬁ@gﬁn&%ﬁg ggqc%?(LaﬁgéwﬁH%e'HPés%ntsiHﬁe%itigh cally

around 15 degrees) inpro ase fr e screen onto the substrate
i nprovi ng prillwdtragtdfin Righiredh squredgeer (@ rimdsfers ik 604ythrolgieths cereemn3 G loandwinkt r at e

angl e, squee e..screen to squeegee dis e squeegee t o, print

rol | er posi ts’lggﬁfa?e;b%ép Dd’i“é‘?gtﬁc@,n?F%ﬁ?eaﬁfe\%ﬂu%eﬁg%@?ﬁ?b%?}f)& $O§t Bméfﬁan%éjro@en and
squeegee premdidwereant dllbr 308 AUSB6Velif s&oRd digdctiah 80 DRhicHisZ®pbilfe th Bfk ANt
print definition and consistency across a card (One enbodi nent of a screen

printing medhRYHSH oisubrikiaI4ge dofean 3phis enayed i firsh direpian el wWacl eqreasponds
4,245, 554 Whp, Gk Wiéh thBGHRAPS AuB Y2 8 LHE Phfk BBl Stfre b€ 604 is pushed through

screen 301 and deposited on substrate 242. Thus during the print cycle the screen 301
moves in the same direction as the web substrate at the same or very nearly the same 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 becoming slightly distorted as this happens
and substantially returning to it’s original shape once the squeegee 606 is removed. The
screen 301 then moves in the opposite direction to the substrate as it is reloaded with ink
604 ready for the next print cycle. When the ink is loaded onto the screen 301 the weight
of the ink may ever so slightly bend the screen. The screen 301 is at an angle to the
direction of travel 608 of the web as it leaves the print station. This arrangement (the angle
being typically around 10 to 30 degrees and more specifically around 15 degrees)
improves ink release from the screen onto the substrate improving print definition and
reproducibility. The screen to substrate angle, squeegee angle, screen to squeegee distance,
squeegee to print roller position, snap distance, relative speeds of substrate and screen and
squeegee pressure can all be used to control and optimize the resultant print definition and
consistency across a card (One embodiment of a screen printing mechanism is described in

more detail in issued US patent 4,245,554 which is incorporated by reference herein.
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CVO 2004/ 040290 PCT/ GB2003/ 004694 In particular, in carbon print station
103, the ink in question is a carbon ink. An exanple of a suitable carbon
ink is set forth herein below. In this enbodiment of the current invention,
screen 301lwa2bkonged with ink 604 prior to using squeeBerGBR®3N@G6Y4t r ansf er
the ink 604 through the screen and onto substrate 242. The printed carbon
artwork deposited on substrate 242 is then dried using, for exanple, hot
air at 140C directed onto the printed surface of the substrate using four
separate drying banks within the first drier zone2l7, which is illustrated
in nore detail in Figure 12. Suitable ink for use in carbon print station
include, but is not limted to, carbon with netallic particles,
silver/silver chloride, gold based, palladium based conductive printable
inks. In one errbodihxrpmicuiﬁr irtmrtpnnqsiamtaﬁiowlémuhemkiprqhestiondsztd:afbcmeinhoAn

printing process nd.li ate dr st r at I S.passed over

a first chi FFEP ?8\@1 glma RIRH B‘rlfy?§ettf e%‘égé{f"é’ L&g ebé’ﬁgﬁ‘ el fh0F r at e 242

to a predet @ﬁﬂi‘édﬂﬁﬂeﬁ &rr@énwoe,ls ﬂadaeaallﬂhynkmno&wwgaéqué@geé doetend 18-21 C

and typically 19.5 g In one enbodi nent of the web nmanufacturing
?S

process acc&rerferghe ’@ktéﬁé t}ﬂf’ GrepiaRd pBig subrate 242 o dBe printed pagpor#itwerkd
roller 212 g8, RREH SH4uBRERL Y428 @wn'%l'n@& Esﬁ%: i ei?(gmﬁ#él héairt %4(515@)/(11 Eted gﬁ)&)ed to

an appropriate tenperature using, actory chil wat er
around 7C. Thaa)mmdpsexf&anféhqﬁubswdh@um ﬂoersepaatebieymgobmﬂaslvshélm tlhy fichdtienl I | ng

the flow rate rature t ctory chilled water. After
the printed 8"?% %%?eu?fgn%&@r&gﬁodse&fléﬂgf%mt e printing process,
substrate 242 is passed over second chilled roller 218. Reducing the
tenperature of substrate 242 and naintaining the tenperature of substrate

242 i s benefgufiad inRF6AE & cFHGH fHint LRAREHTEE, %ﬁt ik aeEBRed tdCcablpR | 1ty of
ink drying on the screens during printin creating bi ocks in the mesh.

The use of a@mitgllieppriicles, silver/ifves cvbadwa@%aadupalhglum%&@nda@w pantgblet o t he

present inveption is also beneficial because it reduces the amunt of

stretch in substrate 242, reducing registration problenms and the need to

nodi fy the process on the fly to conpensate for such problens, 17 WD

20041040290 PCTlC-Bth%gé grgﬁgcgz%ent of the present invention, prior to the carbon printing process
and immediately after drying, substrate 242 is passed over a first chilled roller 212 which is
designed to rapidly cool substrate 242 to a predetermined temperature, typically room
temperature (around 18-21 °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 first chilled
roller 212 is approximately 18°C. First chilled roller 212 may be cooled to an appropriate
temperature using, for example, factory chilled water at around 7°C. The temperature of
the roller can be controlled by controlling the flow rate and/or the temperature 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 temperature
of substrate 242 and maintaining the temperature of substrate 242 is beneficial because
cooler temperatures reduces the probability of ink drying on the screens during printing and
creating blocks in the mesh. The use of chilled rollers in a web manufacturing process
according to the present invention is also beneficial because it reduces the amount of

stretch in substrate 242, reducing registration problems and the need to modify the process

on the fly to compensate for such problems.
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I n one enbodi nent, the tenperature of the chilled rollers is controlled
dynam cally by a feedback | oop neasuring the tenperature of the chilled
roller and controlling the water flow tenperature. O her nethods of

chilling tReob@ihers can be envisaged by those skill edpiiy/dsigs@bisod romt he
enbodi nents described herein, for exanple, 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 el ectrochem cal
sensors manufactured in accordance with the present invention is printed

utilizing screen-print L1 LT Z nerah Ly, £l r.een basi c
conponents of the ihrllgrllf% %glfot)aﬁlﬁljfjdﬁ th?%@ggﬁgﬁo%#@lg@hlﬁ%ﬁég rg% treoggcl?n Figures 6
and 7. In gdaidmicdllydy,a faedback Bbp emepduiring tirttahpa@muacsfakicitifed rollédwmd pr esent

i nvention includes screen 301, lower print roller 303, print roller 600,
a flood bl adetBye ega%ﬁa‘%ﬂmﬂr%ﬁe_- r&ﬁg’oés Oéﬁﬁ@'ééé@ 8BS C#hbS nsul ati on
print stati efyididda bPHoBs skiiRld!if heBR0rdrR tHeinbd difdnfid @ Ue@ herdinl forleRarfipik! 00d
cycle process i n accordance with the present invention, screen 301 is

charged wi t iglectmikalbppwspedreirigeptionyeiésgee 606, fl ood 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
direction 607 oppodht@rdcessfaccatingits theprasent GOBntidn, sadtios drodtle w2 for t he

flood cycle where i.nk 604 is charged.onto screen 301. In a subsequent print
cycl e proced¥OPRCLHRE PIPSEss 45 Whers, ﬁét‘%@?élﬂg takes RlAes- Jp section 4 &16 %’Pﬁ'&f”éd in

Figure 7, squeese®r #081ckhédheihtdabsdntts Rifuthdthred dhadchRlaf& widNthd Bles@ftd ont o
substrate 242. During the print cycle, the squeegee 606, flood bl ade 6083,

print rol | einvgoion is priatefl slkizingsareen-prisking ptilghme agnerably dlaf spresac Bbagicr ect i on

607 which i 0Ssi.t . Q t. . reen 301 is
moved i t1 ot BERle? dictodeioltEta TR TO s SRR ) Pl Fand JERETY O
substrat e 24articalar, blreitqbld print spatddeacshelieg to the €t inv@itioh éctlides @serben HA1 een

301 and depgsited on. s trate 24 dinent of the .screen printin
e st UG T Rt oIl o002 Haqd DLga S, BesapereemboldTohs 288A vl b i s
i ncor por at edquddyed e LRl Sl stattéh 2R Q408 ROREPHFBRAA31904694

| 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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In novable flat screen printing, during printing a generally flat screen has
a conponent of its notion which is in the sane direction and at
approximately the same speed as the substrate. Typically in each of the
print stations, the substantially flat screen is at an_acute angle (Ain
figure 6) tHOLH&2Ystrate as the screen and substrate ROVEBIHRPIHY om a
printing position (adjacent a print roller 200 in figure 6). Varying the

rel ati ve 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 defornable polyester or steel nmesh stretched and
attached to a rigi dnfrosade fl@sereer phintiligrdwing sinsing a geheyalt fiat sgeengten asuppl i ed
by DEK Machi nery, ypout h, UK. .The. nesh. i s .coat wWth a sensitive
coati ng andcwﬂp%ﬂi\%a@ﬂwwﬂw i3 1} o e dreerionat ap%femahelf’irv@eé%%sed to a
W |ight soypeeaas dRvebspred T?ﬁﬂalqji ineAcIS6f thdpdintishBoky) Bl sABst AR flesctdde is
screen to forma negative of the desired artwork img%g. Wth the aid of a

squeegee, i AkanagutesRgledd in HEwGGhta the sdisaie ay Bigscrgen A ubHBEHIPPVERTHRYONt 0 t he
substrate (giod NehiAinRPSkilibY G.djaRBES prbiollBS 00 iREreiehKvaRildlfe RUREESAA) - The
frame provi gs ggﬁegg? éf ngh%%ingppheonesh, agﬁem?thsta di%g tﬁé ?%rces

i nposed by ofitesubstachod thessteenivarkes thesizeoftit mintedtimage mrttie dwdctibn of aawgi ng t he
additional fgpce roduced [ printing. In particular, in insulation
print stati 8ﬁ&‘f6§l?3%€%el'el'§f?}?':¢“8%}g)§lti on is an insulation ink. An exanple of
a suitable insulation ink is set forth herein below In this enbodi nent of
the current inventiogn, screen 301 is flooded with ink 604 prior to using
squeegee 606 to t rawstearil pagengsed inpachefithe prntstatiprstyaiseosonsiss ¢hat r at e 242.

The print ed i auhihkBndid I\gm%étsteigﬁaea InfeSi sefitotol BRd £t§atﬁﬁed2t6.% rig%% ERR0 ol ed

using, for exanple, hot al 40C directed onto e printed surface of

t he subst r aembadimegt Wseur pelpgntar acreemisupplingl yaPKK. Madhiniery, éeyordthd HiKerThezone
224, which is ﬂlsl c% tter %}it%da. i srmsrt1eveccjzgatl EH ! gln c'::in urcFonl?"th %r%henx% Jve of a
suitabl e i nkK"Tof usg ' G nsaratten pt}' e St SO ThYa ieb e uf 5gfeur i ng
process acc@gdéng ekposth®d PUTTIRAL sourddydeveloped drfel dried 0 tHabthd Qodkihg ddies oBthack
| nsul ayer 1 nk which may be pu hased from _Ercon _knc.,ln one enbodj nent of
the inventi &ffeeh idamae pegetiye P{A@fs esited priyprkimpgy Withiheaid ehs MMReESEL WISk i n
the X directhap (#bRdnd fnBRAELIEL sRA] it e SRARMERe(AEEPRS Y iinage
machine) utilizing the techniques described herein. Oher Types of
i nsul ati on ifermeddpylske ink on the substrate). The frame provides a means of mounting the mesh,

and withstanding the forces imposed by the stretched mesh with minimum distortion and

with standing the additional forces produced during printing.

In particular, in insulation print station 104, the ink in question is an insulation
ink. An example of a suitable insulation 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 ink 604 through the screen and onto substrate 242. The printed insulation artwork
deposited on substrate 242 is then dried using, for example, hot air at 140°C directed onto
the printed surface of the substrate using four separate drying banks within second drier
zone 224, which is illustrated in more detail in Figure 13. An example of a suitable ink for
use in insulation print station in a web manufacturing process according to the present
invention is Ercon E6110-116 Jet Black Insulayer Ink which may be purchased from
Ercon, Inc. In one embodiment of the invention, insulation artwork is registered to the
carbon artwork in the X direction (along the machine) and the Y direction (across the

machine) utilizing the techniques described herein. Other types of insulation ink may be
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19 WO 2004/ 040290 PCT/ GB2003/004694 utilized as will be understood by those
skilled in the art fromthe description herein. Furthernore different

| ayers or different orders of layers can be used to provide a different
order of layers and therefore different construction in rochem ca
sensors pr OYuREHPone enbodi nent of the present invenP#Bﬁ?%@gﬁ%?%'the
insulation printing process and inmmediately 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
predeterm ned tenperature typically roomtenperature (around 17-21 C and
typically 19.5 C +/- 0.5 C. In one enbodi nent of the web manufacturing
process acuidizgd agwilbbe wedeptessdrytthosagkitied wrthe ahGomuthe deseriptombereat.ure of t he

third chill Eﬁjﬂﬁe%lngl%rdi SrenttEO4Y ({H%rgxht%r&ésc of l-arhelrsr (gancf)gluls lﬁg prcRJi(%eear diﬁ%%n{m ybe
cooled to an approprlafe tenperature using, X6r exanﬁ?e, (0 ory ¢l 1 ed
wat er at ar otdetlof1&yerRaditaerefpré dicfetentgumstaictive irothe elettbshemical 2dsdraprdduced

mai ntai ning the tenperature of substrate 242 is beneficial because cool er
tenperatures reduces the probability of ink drying on the screens and

creating bl ocks in B efiBsitimentd tHeSResBit ifFtintibiE Beford the iifulafofpiRtihg o
manuf acturing process according to the present invention is al so beneficial

because it podessasd immedintshiraitendrying abstmte A% insbiding prinpeftxarbopggdci ng
registratio I n . apdi . £
compensat o HaPAGl ELE palled Bl SorliRdrbter 0 WAL AT BB it iGab

i nvention, séstrate45tood pletieenmahed tamperbiact typicalty pomaenperateremensad 1 hal f¢ r st

enzyme printi t ake b . section 5,..the nz ink artwork for the
ol oot r obhentRUIPIEANE Y-S G hEy B ans Fnbibre o B8 NbCH R e BLesRt
invention i scdakdiid ®thétprebdnt idventfsal 8@ RuPide Mrhitatdebf hetRiyd&HigedaoNgig! |y fl at
screen as herein before described. The basic conponents of the first enzyne

print stati eppredmatelel8°Ch | Thad chiled roller B Gmpeke eolgddo n appsopsiate femprrature g

sui table pri i i I i I a screen
301, Toner porpr eI SR ulh REFET. REER b ARG
squeegee holkutstrae282 antimainkinieg §eeerbifatulerof futisgtte @42 jrtengfidial bestsd ¢oter 105,

DE s chmee o O PHBY B Dbadin be2pbb R UELSBAESRS 11

mesh. The use of chilled rollers in a web manufacturing process according to the present

invention is also beneficial because it reduces the amount of stretch in substrate 242,
reducing registration problems and the need to modify the process on the fly to compensate

for such problems.

In a process according to the present invention, section 5 of the web
manufacturing process is where the first enzyme printing takes place. In section 5, the
enzyme ink artwork for the electrochemical sensors manufactured in accordance with the
present invention is printed utilizing screen-printing and a movable generally flat screen as
herein before described. The basic components of the first enzyme print station 105 are
illustrated in Figures 6 and 7. In particular, a suitable print station according to the present
invention includes a screen 301, lower print roller 303, print roller 600, a flood blade 603, a
squeegee holder 605 and a squecgee 606. In first enzyme print station 105, print roller 600
is fourth print roller 227.

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

charged with ink 604 by moving squeegee 606, flood blade 603, print roller 600, and lower
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charged with ink 604 by noving squeegee 606, flood bl ade 603, print roller
600, and | ower 20 WD 2004/ 040290 PCT/ GB2003/004694 print roller 303, in
first direction 608 which corresponds to the web novenent of substrate 242.
Screen 301 is noved in second direction 607 opposite to first direction 608
of substraW 24P0HPYP the flood cycle where ink 604 is cher/gszhosmluemscr een
301. In a subsequent print cycle process in accordance with the present
invention, as illustrated in Figure 7, squeegee 606 transfers ink 604

t hrough the screen 301 and onto substrate 242. During the print cycle, the
squeegee 606, flood bl ade 603, print roller 600, and |ower print roller 303
all nove in second direction 607 which is opposite to the web novenent of
substrate 24t r&iter 869 i Gdst dFediOWGUS whichicoitsphdsas teGRebGlSventth ¥ seBdtfags ponds
to the web novenent of substrate 242 for the print cycle where ink 604 is
pushed t hr o¥fh Scseend8hisznavedria seropddirectian 607 erpesiterta st dirpctiond@8 efbodi ment  of
t he screen 1 iy N i ssued US

pat ent 4,24§E@@%égﬂ%%) gﬂ?gc %gﬁgﬁéggbﬁpg %@%@%Q%%%SP% In particular,
in first enzynme print statlon 105, the ink in question is an enzyne ink. An
exanple of a suita set forth Bere

o ot 2ot "t ho T & bR et e Bt Bde ol FioR i i et Mok oRnass 04

prior to usilhgr@cliRgigge 60@ué¢gee boeradstrs k604 throup4hd defe@tigbl ko6 r een and
onto substrate 242. The printed enzype ar morkdfepos ited on substrate 242

is then dri @&Sﬁ@? AtR- Pwngetkaﬁﬁwydﬁo@e gqyeezge 08pElagd blade 683, ruist Blen0sr i nt ed
surface of 1he,qubsid: 1% 483 ngnfoW@uﬁs%Hﬂfd%%ctﬂanO?gvl@&ﬂE%ngsﬁ@{o%&Q’@bt hird

drier zone230, which is illustrated in nore detail in Figure 14. An exanple
of a sui t abevererk of subswate 24% $dreent308 nszmmeedpn ifirst dgection 6A8 m&hlcmrespmd:s

manuf act ur i rocess _ac ord| venti ed in
Table 2. TablEEYe BT BEE Yot Rltuk dep by ThE TR Bl B U AP S PR TR ¢
Z Zh_er ] Sci egdrédni 01 afll tiép@tékbcbrckuﬁstsdnemzs@@r&nbbd@eﬂobMhéfmeeln phineiggol  Si gma
ric
! mechanism is described in more detail in issued US patent 4,245,554 which is incorporated

by reference herein.

In particular, in first enzyme print station 105, the ink in question is an enzyme
ink. An example of a suitable enzyme 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 enzyme
artwork deposited on substrate 242 is then dried using, for example, hot air at 50°C directed
onto the printed surface of the substrate using two separate drying banks within the third
drier zone230, which is illustrated in more detail in Figure 14. An example of a suitable

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

the present invention as summarized in Table 2.

Glucose Ox1 ase

oratories
Tri-sodium Citrate Fisher Scientific
Citric Acid Fisher Scientific
Poly Vinyl Alcohol Sigma Aldrich

Hydroxyethylcellulose (Nat 250 G) Honeywell and Stein
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Hydr oxyet hyl cel | ul ose (Nat 250 G Honeywell and Stein 21 WD 2004/040290
PCT/ GB2003/ 004694 BDH Merck LTD Si gnma- Al drich Chem cal Co., UK Potassium
hexacyanoferrate 111 Norlab Instrunments Ltd., UK DC 1500 Antifoam BDH Mer ck
Ltd Cabosil Ellis and Everard Ltd PVPVA | SP Conpany Ltd Anal ar \Water
BDH Mer ck LW 1084/¢i20enbodi nent of the present inventi onpcBGBRI3/HI6Y4
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 predeterm ned tenperature typically roomtenperature (around 17-21 C
and typically 19.5 C +/- 0.5 C.. In one enbodi nent of the web

manuf acturi ng process according to the preseBDH/RéRRIITIN t he surface of
fourth chilled roller 225 is approximately 18C. Fourth chilled roller 225
may be cooled to an appropriate tenperature uSighgAldgeh Chsmicpl @- WKct ory

chilled water ﬁ@&s%ﬁﬂ%c%ﬁofé?ﬁ%{)ng the t enpRELALWVES erﬁf’ﬁ f ke 242 and
strate 242 1s

mai ntai ni ng the tenperature of su eneficial bécause cool er
t enper at ur es DG@HWOeMStifbean pr obabi | ity of ink BPJ/Mgrakdtdhe screens and

creating bl ocI&%Pi iy the nmesh. The use of chil Fﬁ%ﬁg}gw"%{ﬂﬁl#@ a web

manuf act uri ng ¥ess accordi ng to the presen t al so benefici al
because it regwepas the anmount of stretch in siBsCémpmyd4d, reducing

regi stration problens and the need to nodify the process on the fly to
conpensat e f o\0@BEN 2t opl ens. Additional |y, 8UE/Mstakdddni gh water cont ent
of the enzyne ink and the airflow due to the novenent of the screen, it is
crucial to ensure that the enzyme ink does not dry into the screen. The
relative flow of ailnosnenbrtimemad he présentrimxention, stetbainduliaton priirdingpkocess  t he

e Thieme - ArLr e REeF TR RESHE ek nihe et GBS BB hi n

t he machi ne patidthd, keepabde@ 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
18°C. Fourth chilled roller 225 may be cooled to an appropriate temperature using, for
example, factory chilled water at around 7°C. Reducing the temperature of substrate 242
and maintaining the temperature of substrate 242 is beneficial because cooler temperatures
reduces the probability of ink drying on the screens and creating blocks in the mesh. The
use of chilled rollers in a web manufacturing process according to the present invention is
also beneficial because it reduces the amount of stretch in substrate 242, reducing
registration problems and the need to modify the process on the fly to compensate for such

problems.

Additionally, due to the high water content of the enzyme ink and the airflow
due to the movement of the screen, it is crucial to ensure that the enzyme ink does not dry
into the screen. The relative flow of air encountered by the moving screen dries the ink on
the screen in a manner not normally observed in flat bed screen printers (such as Thieme
flat bed printers) since the screen itself does not move within the machine, unlike the
present invention. As well as the chilled roller alleviating this by ensuring the substrate is
cooled to around 18°C before it encounters the enzyme screen-printing step, the screen

loaded with enzyme ink is humidified during printing. In one embodiment, humidification
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present invention. As well as the chilled roller alleviating this by
ensuring the substrate is cooled to around 18C before it encounters the
enzyme screen-printing step, the screen |oaded with enzynme ink is

hum dified during printing. In one enbodinent, humdification 22 WD

2004/ 04029 CPOH/@B2O03/ 004694 is substantially conti nuBtESBIEPIUHay be

t opsi de, underside and/or side screen humdification and indeed all three
maybe provi ded. An arrangenent of pipes provides a substantially constant
stream of hum dified air above, bel ow and si deways onto the screen
respectively, ensuring the water content of the ink, is maintained at a
constant level. A suitable arrangenent for providing topside, underside
and/ or si dejssabE@MialyEdrdhbdusatiherd mayWeOlofidy) Undedside ARy eTHe strdmention is
illustrated in Figures 3, 4 and 5. The anpbunt and arrangenent of

humi di fi cat Pyridificatien Tdypdeed pil flrps may bepterided AR aRftgemeBPfpiRes Pigvides depend,
anongst oth i AR : 1o Chl, iy | i { wat er
content of t bg{aﬂ?ﬂn%%o?ﬁgﬁﬁtlﬁ%ﬁg?t y aIri]l1 e‘?fglrrrpg%t{vg%efrlée&%gd ?ﬁ%‘ﬁ%;&%ﬁﬁ%f&ngﬁai r,

t he t enper ataspetivdly,tdneurgighise wateecontemt of thajmpy io aviresineta asionstams level.nA st at i on,
the tenperatu of the int rol.ler. .the size of, the screen he
exposur e of et depbeBhiof ks e Boni Reterietinon el sfohr P Atealiis

enmbodi nent  acidags 13 QK FredERT inSétidn iluSFatddah BighewS, 9hnd Sl B Aifintald vers

hum dified air across the whol e underside of the screen during one stroke

of the screamzgertohFumglifiction meprstypirsily slRevwaITyiIEdHEniditigd o) WHbdpged. at or

R T e P

4). Typi cal Ink require or t
t he screen atk, thehumidityrand tcenipieeatare af thesiroundingraimthe temperSirecd thadwmbsgratg me i nk

is conposed of a large.part of . water ically between 55 and 65%.y

wei gt o & ¢ Rreh e Bsymt neo! Sty e b atels, BF AR AR RS e 5 ey ng
out over thenesifeer hitEth©Expobtre oBihe sdidbiStolthSduroandiRe (uaht@idifddedr) o onbr ovi di ng
hum di fication around the screen | oaded with enzy ink. Alternatively or

- rre . . »
more typi c&mP9dimgntagpe IWhrompeisiageRe pramereas Wdiokesi40p dalivers pmidiied air”
encount er | ngchgketh@ﬁﬁgl%n%egg'de Jiﬂfl@?é? Wk g&ﬁé‘éuoﬁé 8t h@9crBY M}E aHEforff chilled
rol lers as herein described. ypically th tenperature of the subsfrate is
control | ed tPipebé&ok desvn hiarveand égtha bpdratot shée ¢fehpmpcting deliver hdtma'diﬁedam
rﬁ\é\ever, th%ogvcsar%sragéy6£(sggﬁéur}g4ﬁubstrate is kept above the dew point for

Typically all the enzyme ink required for that print run is placed on the screen at
or prior to the start of the print run. Since the enzyme ink is composed of a large part of
water (typically between 55 and 65% by weight, more typically around 60 % by weight,
the ink is prone to drying out over the lifetime of the run. This risk can be alleviated by
providing humidification around the screen loaded with enzyme ink. Alternatively or more
typically in addition the substrate can be chilled prior to encountering the enzyme (or
indeed any) print station by the use of chilled rollers as herein described. Typically the
temperature of the substrate is controlled to be less than or equal to the temperature of the
room. However, the temperature of the substrate is kept above the dew point for the
atmosphere in the room. If the room is at 60% humidity then the dew point may be 15 °C.
If the temperature of the substrate falls below this then, condensation can occur on the
substrate potentially compromising any subsequent print run, especially any subsequent
print run with water soluble ink such as enzyme ink. Control of the substrate temperature,
for example between the limits of room temperature and dew point, may therefore be

important for a successful print run. Control of temperature of and/or time passing over
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atnosphere in the room If the roomis at 60% humdity then the dew point
maybe 15 C. If the tenperature of the substrate falls below this then,
condensati on can occur on the substrate potentially conprom sing any
subsequent print run, especially any subsequent print run with water

sol ubl e i nk W/ HE29%8nzyme i nk. Control of the substrat ePCBEGPENHIMGE, for
exanpl e between the limts of roomtenperature and dew point, may therefore
be inportant for a successful print run. Control of tenperature of and/or
ti me passing over 23 WD 2004/040290 PCT/ GB2003/004694 chilled rollers 212,
219, 225, and 231 is inportant in controlling substrate tenperature. A

f eedback control | oop can be used to neasure the substrate tenperature for

exanmpl e relchilled eollefs 211£2 19027, bEIPEY i8 rdp @ taatid/contrelBug Aistite t@ipepttuieha room s
hum dity) to control the tenperature of the chilled rollers and_the

t enper at ur e fegdbagkeontipldeqpgan bgysgdto megsnes the ebstrats teraperalies f9ppradihes t he
next print 3313&4& thetb & tén n@é?atm% ﬁ%?%%ﬁﬁﬂk&%eq HeHGlibRg 5 8Giden 6 and

section 7 o printi process e present”invention. In
Figure 2C, S$actemperatrd of th@doﬂrdi roBers ymdethp mmnera&urabfthe stiGxrateSm ¢iolnaives tiey e
print statio esflf h.chilled roller 231, fifth accunul ator 232,

106
fifth print r{}% rlag(ilélrgjé%ac Foh be tt@flgtl $io%ensor 234, fifth drive roller 235,

fifth drier zone 236, Y registration system 237 and out bound nip roller 238.
In the enbodinment of the invention illustrated in Figure 2C, _section 7 is
rew nder unit 107. Fl%ﬁﬁ&d%ﬁﬁﬁﬂl@%@?@?ﬁ&%&%%@@%@r?ﬁl@dfrﬁéewaﬁp&wz@g first

rew nd arbor,adQ; 43 ges§§&%ﬂﬂ%gt{gﬁﬂ%ﬂgseﬁfﬂgénn%ﬂllnﬂ?gm%2@@9&%@1@96&9&”9 to the

pr esent |nvent|on sect i on manuf acturing process Is where the
second enzyreszyné prirt lstgtlmak@s %Icmdsenzyrne pagtstabion 606 tnhbldesafnﬁly plellechtollar t wor k

for the el ecfrochenm cal accordan h,the resent
[ vent o | <3br T BHCOPERE 27 A edrRLiIet T ony RERB o54 T oo >
coatings of235h@fttedist MBnd 186, ' SefistrAi08 HYstent IPARLRITANE hipgel1af238hén Ger bon

el ectrodes and so that the electrodes are substantially_even and free of

voi ds. The bagrdineshyidherventsn iyirated inbiguregfyz jeptopr iihiewdndsr 1oh19b6 are
Il lustrated g é&ﬂfdeguﬁﬁoﬁmémes7steehﬂ Hfél’:tfahgm A0, £t &W&«P&%@r ?@:@P sehdt i on

accordi ng to the pr esent 1 nvention’Inc SCreen pri nt roller
303, rewind arbor 241.

In a process according to the present invention, section 6 of the web
manufacturing process is where the second enzyme printing takes place. In section 6, the
enzyme ink artwork for the electrochemical sensors manufactured in accordance with the
present invention is printed utilizing screen-printing. The purpose of applying 2 coatings
of the enzyme ink is to ensure complete coverage of the carbon electrodes and so that the
electrodes are substantially even and free of voids. The basic components of the second
enzyme print station 106 are illustrated in Figures 6 and 7. In particular, a suitable print
station according to the present invention includes a screen 301, lower print roller 303,
print roller 600, a flood blade 603, a squeegee holder 605 and a squeegee 606. In second
enzyme print station 106, print roller 600 is fifth print roller 233.

In a flood cycle process in accordance with the present invention, screen 301 is
charged with ink 604 by moving squeegee 606, flood blade 603, print roller 600, and lower
print roller 303, in first direction 608 which corresponds to the web movement of substrate
242. Screen 301 is moved in second direction 607 opposite to first direction 608 of

substrate 242 for the flood cycle where ink 604 is charged onto screen 301.
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print roller 600, a flood bl ade 603, a squeegee hol der 605 and a squeegee
606. In second enzyne print station 106, print roller 600 is fifth print
roller 233. In a flood cycle process in accordance with the present
invention, screen 301 is charged with ink 604 by noving squeegee 606, fl ood
bl ade 603, W0 Ra4#/040290 er 600, and | ower print roller 30BCTIGB2403/0&4694di r ecti on
608 which corresponds to the web novenent of substrate 242. Screen 301 is
noved in second direction 607 opposite to first direction 608 of substrate

242 for the flood cycle where ink 604 is charged onto screen 301. 24 | _. WO
20041040290 PCTI GB2003/ 004694 In a subsequent print cycle process in
accordance with the present invention, as illustrated in Figure 7, sgueegee

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
| ower print roller I3@3ubsenuenspEnt oycls peasats 1 pecordanemwislp thopagserf inventipb@si te to

the web = MoVGURALqQf F%H%O ,%ﬁ%g%\eé%%6 u%éf&??mo%% Stfu%u@?%%@cﬂé%&%lga?ﬁ o o ection

608 whi ch corresponds b nmovenen ubstrate e print
cycl e wher e substrate@42i Hupiug kiecrinheyeley the sgaregenc80lo @hlsl adke§ii3s piitaoltar 68Qbst r at e

242. One enbodi nent .of the screen printi C ismis descrihed in nore
detai | i1 SOUMERrBLo b 0 BBl froclot REOVREh isesossye Mrisbonce
herein. 1 n pasvehfel GHsubdtiateDRA0 0 BEreBNYINE nidvedin firkteiteBilonléB, whible cdrfdépdnds
gquestion is an enzynme ink. In this enbodi nent of the current invention,

screen 301 it8 theverbaeramenhof sHkstra42 e the pins ciyelr wdressnk £kt rogsditrovghanst er
the ink 604 skiéégy@lhm}d*h%gés‘%{eﬁ‘sﬂ s%gatgaa?. oﬁé‘%ﬁ% Entof e sTAEn Phideitleed enzyrme
u I's Then drie or

artwork deposited on substrate usi ng, exanpl e, hot
air at 50C dhechadisd isodusarittel én morentetndl is instaldéS piteit 2451754 twhadhels irRbrpgrdtetd
separate drﬁing banks wthin a fourth drier zone 236, which is illustrated
in nore det AVITEFCEIYEHPe 15. An exanple of a suitable ink for use in second
enzyme print station 106 is the sanme as the enzyne ink used in first enzyne
print station which is described in aforenmentioned Table 2. In one

enbodi ment of the plgseifulariyserondemzyaepent {xiond e Jhe inkdp finestion israni ng

enzyme ink. 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 enzyme artwork deposited on substrate 242 is then dried using,
for example, hot air at 50°C directed onto the printed surface of the substrate using two
separate drying banks within a fourth drier zone 236, which is illustrated in more detail in
Figure 15. An example of a suitable ink for use in second enzyme print station 106 is the
same as the enzyme ink used in first enzyme print station which is described in

aforementioned Table 2.

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



process and imedi ately after drying, the substrate 242, including printed
carbon, insulation, and enzyne ink patterns, is passed over fifth chilled
roller 231 which is designed to rapidly cool substrate 242 to a
predeterm ned tenperature. In one enbodi nent of the web manufacturing
process ac®&r ¥y the present invention the surface BfUVER¥OIPHEN chill ed
roller 231 is approximately 18C. Fifth chilled roller 231 may be cooled to
an appropriate tenperature using, for exanple, factory chilled water at
around 7C. Reducing the tenperature of substrate 242 and nmintaining the
tenperature of substrate 242 is beneficial because cool er tenperatures
reduces the probability of ink drying on the screens and creating blocks in
t he mesh. Taeondse tothegiredeheidverdionens alsn ba buvelficimbirechwsetitedwgs theaoeast 0of25 WO

2004/ 040290 PCT/.GB2003 694 .according tq.,the present .invention can al so
oo benot | of SR IR TRt R ot B ot 1 Modihy LePaia®, 35
reduci ng reg’m&rﬂ@{ttbe@npgrﬁﬁbmuanﬁoblla@sneed to nodify the process on the
fly to conpensate for such problens. Additionally, due to the high water
cont ent _of _the enzyme ink and the airflow due to t he nmovenent of _the
screen, it is cruciglidRpNiHe & thd BB inRlensARRSinR ahd loYirbpt O the

oh WA
screen. As well as the chilled rol Flgtrl aréfew ating thi's by ensuring the
substrat e i due todled mavenment 8Chb efresrpitiis cracialdo niseresthatiibe enrgyneenisdoeseot-dyyi nt i ng

tep, there.is.al so tqpsi /. der si. d id :
U di 1 at INSh e areh Ao o6 e el be Tahy ansirid S PEIBRE ana
bel ow t he sedct@into 18T bEbRGt éftcumBis e enethestrecalprintifg btof, thére iTAMoNbided at a

constant level. Typically the humdified air flows constantly over the
screen. A sidepmderside apdensds soresn hymiditicating whidlssaadrende useeasple screen

hum di fi cat iﬁﬂidif?é&%ﬂ%@la@@a&d@oeﬁ&#}}%%&%&ﬂ}en %%gﬁéo ﬁ?tgf gbnictjénlt e gr in Figure

3. Second enzyne print station 1 may 1 nc ound nip ro 238,

i nspecti on swstamd287 comstant keyple Cyipinglly thgihstmidifi¢doair flows cabstintlegiestireat i on
system at 237C (not .. shown) and, barcode station . ngt shown). Quthound nip
ol or 238 RETRs A oHERB Rt et Eh B B e BT P BS 3 R BRI e

t ensi on bet ¥eSihdBIMIStestnPinkehticdris ARErAGn FuddosNd nip roller 238).
Substrate 242 is renoved from second enzynme print station 106 at a constant

rate by outbound nip roller 238.. The Y registration system (not shown) at
posi tons 237A,

Second enzyme print station 106 may include outbound nip roller 238,
inspection system 237 for inspecting registration, third Y registration system at 237C (not
shown) and barcode station (not shown). Outbound nip roller 238 helps control the tension
of substrate 242 (specifically the tension between inbound 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 controls the Y registration (i.e. across the web) of each print cycle during
printing by utilizing the first Y registration marks 2101, second Y registration marks 2102,
third Y registration marks 2103, fourth Y registration marks 2104 which are illustrated in
Fig21A. In one embodiment of the invention, first Y registration marks 2101, second Y
registration marks 2102, third Y registration marks 2103, and fourth Y registration marks
2104 may correspond, respectively, to the Y registration of carbon print station 103,
insulation print station 104, first enzyme print station 105, and second enzyme print station
106. Each Y registration marks comprises 2 triangles that are juxtaposed in an orientation

that approximates a rectangle. In one embodiment the Y registration system located at
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237 B and 237C controls the Y registration (i.e. across the web) of each
print cycle during printing by utilizing the first Y registration marks
2101, second Y registration marks 2102, third Y registration nmarks 21083,
fourth Y registration marks 2104 which are illustrated in Fig 2l A In one
enbodi ment WO 20H@4G2vention, first Y registrati on nmarks PEIEB2GH8HAE Y

regi stration marks 2102, third Y registration marks 2103, and fourth Y
registration nmarks 2104 may correspond, respectively, to the Y registration
of carbon print station 103, insulation print station 104, first enzyme
print station 105, and second enzynme print station 106. Each Y registration
mar ks conprises 2 triangles that are juxtaposed in an orientation that

appr oxi mat gssaione2i7 NGB eEB ahd 2¥Ecariedniplerrehtet be atY Eitengias DGLIAGSO0froay St em

| ocated at 26 WO 20041040290 PCT/ (B2003/ 004694 positions 237A, 237B and
237C can be]%frﬂﬁ’ia%%@gl‘é’ﬂLfﬁpogéﬁE%Lt SBSIWYDG%SO from Eltromat Grbh in
Leopol dshohe, Germany. |In one enbodi nent of the present invention, the

i nspection system 237, maybe inplenmented using the Eltromat |nspection
System nodel numbBromeEmbpdangaf oy thapiesent jnyentimpihe iespegtion susfem Labireayreom

El t r omat Gn‘gH ' lnﬁﬂﬂ [ ' . a
Vi si on corrplo éénr{}ent at ﬂigﬁggg@@? % és'g%gérll §¥$§?1‘§§£§§‘§ lgé}})ﬁ%%gdt fﬁg’zg’ clhﬁé
Fi gur es 17AcdmondrdibilnadhilableffioguEkroadDGarbt iz heppokishdhedGeamanyt el ingpectisisessi ng

whet her a sens heet. 2106 shou he rejected. (for ex | e recording
i nspect i on Sryét:‘?mg%'gﬁ%tsg‘ﬂ‘ﬂg{‘ C%IHPMPL@@énﬁpﬁc‘éﬁﬁafegﬁggt&“.mﬁggﬁ]é‘?tfag‘%/q Bn issues in
the Y di nengis@Rs { yRk€ OIS amy/bes gird 2018 SndlehnibB Gisdd dsBttdbdlGn BessinBvic@@t gt ration
system (not shown) which is |located at 237A, 237B and 237C and/or inspected

by i nspect i s yhecs A Gshonldibereigeted (i exempledyascosding sspgstien eepulieagaivst a
ascri bed t Op, Y, %iiggh&%as' web tension or non-uniformdistortions to the
substrate 2465. n an enbodi nent of the invention, the barcode station
conprises the followi ng commercially avail able conponents barcode printer

nodel nunber A400_fr.om Domi no .U . In, i dge, .Uni ted Ki ngdo
f)ar code traverse sPSESHOBIFYES @@%@g{l?@%ﬁﬁ%ﬁgﬂ?ﬁe alfgé‘?dt‘ﬁlﬁlﬂg ngt‘%r%{ | and) ,
and bar codetk eaEFatibIRYBlenfGit Sh6wa) MatdhiixlobaeCANBOA, 2398 and TheC ah@be ode

station (no shown) | abels each row of the sensor sheet 2106 with a 2
di mensi onal inspected by inspection system 237 after all print stages are complete) may be ascribed to

variations in web tension or non-uniform distortions to the substrate 242. In an

- embodiment of the invention, the barcode station comprises the following commercially
available components barcode printer (model number A400 from Domino UK Ltd. In
Cambridge, United Kingdom), barcode traverse system (Scottish Robotic Systems in
Perthshire, Scotland), and barcode reader (RVSI Acuity CiMatrix in Canton, MA). The
barcode station (no shown) labels each row of the sensor sheet 2106 with a 2 dimensional
bar code. This provides each row of sensors a unique identifier code, batch/Lot number
identification, the sensor sheet number, and row number. The barcode station also reads
barcode immediately after printing to verify that the barcode has printed properly and
provides a visual indicator to the machine operators. The barcode and process information
from sections 2 to 6 are stored in a database and used later to identify and subsequently

reject/accept cards for future process.

Rewinder unit 107 consists of, for example, a Martin Automatic Rewind
System. This is the last section of the machine and allows the continuous rewind of
substrate 242. Rewinder unit 107 consists of a first rewind arbor 240 and second rewind

arbor 241. First rewind arbor 240 holds a roll of substrate material 242 and continuously
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bar code. This provides each row of sensors a unique identifier code,

batch/ Lot nunmber identification, the sensor sheet nunber, and row nunber.
The barcode station also reads barcode inmediately after printing to verify
that the barcode has printed properly and provides a visual indicator to

t he machi neW@peHarePs. The barcode and process i nfor mat irT/GE2M00$@Et | ONs 2
to 6 are stored in a database and used later to identify and subsequently
rej ect/accept cards for future process. Rewi nder unit 107 consists of, for
exanple, a Martin Automatic Rewind System This is the |ast section of the
machi ne and allows the continuous rewi nd of substrate 242. Rew nder unit
107 consists of a first rew nd arbor 240 and second rewind arbor 241. First
rewi nd arbo I t ously 27
VO 2004/ 04 1(%) @%%%855/%‘46‘@“@%@&%@3%‘3%‘2?.%{’*’ rrgﬁﬁée%%t%dzq 2%‘2’13?% print
station 106sta1$bymiuofrremmd whlbbautgmahmydylcas aﬁtsarcdb;fsnbﬂtﬂatecﬂ‘42natp@r| al,

whi ch autonatic |ce a fi.r S rate 242 |nt ond
roll on the’% 8@%@?@ Iﬁﬂ“mfgﬂﬁr8 t m%ggféﬁﬂﬁ%FSﬁﬂP|P§{ Sar bor
240. This @dmmmmw&emep@&s&dr@ﬂmteswﬁd mﬁm&b sécoud ruviad Bbor 2’440A o second
rewi nd arbor 241. A %lng splice, which occurs whil e the substrate 242 is
still novi nBying §Pll?§:e‘ﬂm O‘éfh‘&"o\"]@letth%wbé%? Phisstll moymgeisypedigisatiathe 242, The
splice is p&ﬁﬁ%@ f@ﬁaloysm&aemr rleélk pBked héea%%%ﬁv@ﬁ%n@# 242 whi ch

is primed wth double sided pressure s nS|t|ve adhesive. Figure 3 is a
schemat i ¢ dsubgtraiermdtepiakc242rwhitins phinred dvithrouble sided pressupeisedsisivé adhekive.and si xt h
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 includes chmmmaobcnématﬁﬁﬁ)agrﬁﬁﬂqmu{gaﬁc hudgit teavirdientlarauid 888L | ower
print roller 303, pipe 304 conprising nultiple perforations 400, substrate

242, and e err@e%lxthé%ﬁhpﬁs ofrthatveb piuptae. Ao bagi cwmpﬁntﬁpﬁeﬁtto ProVidethergeans _
Hum di fi cat f&muﬁmﬁéa%epsmwe% ghﬁuﬁgénv&renﬁlem P HuGRRNR FIdhRd 3 WAkn Properties

of the enzyne ink do not changé to any significant extent over time during
the flood mqhhdpﬂrtpphumytale3%dcrp¢ne$0érwom lowaid air 362, 1pWer moint tdller BO3, piper un. I n

par 1 S 2 kSR BB 1, AR PRy Pl e

preferably ov@fth pre rd)llefr 238f Huhédifeatioh aﬂidJﬂ&mper'Eh@e BR&MO®ry and ensure that the
properties of the enzyme ink do not change to any significant extent over time during the
flood and print cycle and preferably over the life of the print run. In particular, it is
desirable that the viscosity and water content of the enzyme ink not change over time
during the flood and print cycle and preferably over the life of the print run.. The enzyme
ink is approximately 63% water. A constant water content ensures that the amount of ink
laid down onto the substrate 242 is consistent. If the water content of the ink changes
during the printing process, this can lead to variations in the enzyme layer thickness.
Additionally, loss of moisture from the enzyme ink shall lead to the enzyme drying on
screen 301 resulting in poor print definition and a reduction in the amount of ink laid onto
substrate 242. The humid air inside either first enzyme print station 105 or second enzyme
print station 106 is maintained between 85 to 95% relative humidity. Top humid air 300
and bottom humid air 302 is pumped onto both sides of screen 301 to maintain the desired
relative humidity. A side pipe 305 is arranged to one side of the web and introduces
humidified air to the web on one side immediately adjacent the enzyme print stations. The
nature and type of humidification arrangements can be varied to suit the size and shape of
the print station and the humidification requirements of that type of ink at that print station

in that environment. Often a hood can be used to enclose the upper and/or lower side of the
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ink is approximately 63% water. A constant water content ensures that the
anount of ink Jlaid dowm onto the substrate 242 is consistent. |If the water
content of the ink changes during the printing process, this can lead to
variations in the enzyne | ayer thickness. Additionally, loss of noisture
fromthe en¥YPrt40hRR9%hal |l |ead to the enzyne drying on PREI/@ER033946% esul ti ng
in poor print definition and a reduction in the anount of ink laid onto
substrate 242. The hum d air inside either first enzyme print station 105 or
second enzynme print station 106 is naintained between 85 to 95%rel ative
hum dity. Top hum d air 300 and bottomhumd air 302 is punped onto both
sides of screen 301 to maintain the desired relative humdity. A side pipe
305 i s arr angednto thhkusiddedair dahbe deivesddntd e lodd desctlyhadidcdntfthestreenrand 0 t he

web on one side immedi ately .adjacent the_enzyne print. stations. The nature
and type of KR! %&‘hﬁeﬂﬁﬁf@rdﬁ%&?ﬁeﬁf‘ Bygﬁfr?r%sgn??ﬁfiﬂéeahotog' i{fg‘f lsl?(Hjelssi ze and
shape of th@oRitéd\én e abpRRerRBHfrdRE ab Wy sitdliyand tR8, theRdd BAEREvE aQfot i@t type

of ink at that print station _in that environment. O ten a hood can be used
to encl ose théireghpe fthadiection phpipting) eallew thhyueesge tomeppiayrglationty the

PCT/ (GB2003/ 0 - . 1di fied air can be delivered into the
hood directI%égﬁéggggﬁgﬁﬁgﬁgé&ggﬁnﬂﬁgkgfetained within the vicinity of the
screen by the presence of the hood. If the hood is nounted on the upper
screen frane, as is.typically,the.case,. .th ood,may have, a slpt_.jLh the X
o1 oot on (the di r oEIeB £ 5 bk Sos g TaeiRE B BB Botn h bR add,
relation to &k seGohs6Nthdweb PEntid}e THRLATE cdhpaRts ibdiito pysSlid thEhdhissfod 1S a
bottom vi ew depi cting the hum d environnment around a fifth and sixth

sections of hweidification ofthe Wb Priirgieavirenmeshpys dlsadlkusirated in Bigpredt/ vhish t he neans
for humdifj i el | : i ed in
Fogur o4 ani SErabO8p Rlumld i 30D hkes SO Ny GBI EARGE B0 Bt I ferkirpinh 04,51

302, pipe w &t geeofaions 4@ sid@pipe at Hvdnpeshdwn)atA pips 349 ¥ithsedeal perferations305

(not shown). pi pe,.304 wi,th several, perforati 400 i,s posi.tio

Under ot n <408 RBShsed b TR pob Fbt g B Dmithet fimiHiRi 835 o

mai nt ai Nt hemding6o thetvyscodityldTehetsnzyi®ink s sOrR&CIEENFiglk. 5 ila@efsPeddive Sied of
perspective view of pipe 304 with perforations 400 to blow bottom hum d air

plpe S
302. Figure Bipf30hwith pedereiiensd0q i awbeprationiyd 3ir 80% f er ent squeegee angl es
whi ch

Figure 8 is a schematic diagram depicting 2 different squeegee angles which
includes a substrate 242, print roller 600, and squeegee 606. The angle of the squeegee 800
can be varied to optimize the definition of the print area. In an embodiment of the
invention the angle of the squeegee can be 15 +/-5 and preferably +/-1 to 2 degrees. Note
that the contact point of the squeegee 606 to print roller 600 is the same for every squeegee

angle 800.

Figure 9 is a schematic diagram depicting 2 different squeegee positions which
includes substrate 242, print roller 600, lower print roller 303, squeegee 606, first squeegee
position 900, and second squeegee position 901. The squeegee position is the position of
the squeegee relative to the center of the print roller 600. The squeegee position can have a
major effect on the thickness of printed ink. The position of the squeegee can be varied to

optimize the definition of the print area.

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

includes substrate 242, print roller 600, lower print roller 303, and screen 301. In one



i ncludes a substrate 242, print roller 600, and squeegee 606. The angl e of
t he squeegee 800 can be varied to optimze the definition of the print
area. In an enbodi ment of the invention the angle of the squeegee can be 15
+/-5 and preferably +1-1 to 2 degrees. Note that the contact point of the
squeegee 68® WBHHP#Mt roller 600 is the same for every %ﬁﬂ@@ﬂ@gm“ﬁﬁgle 800.
Figure 9 is a schematic diagramdepicting 2 different squeegee positions
whi ch includes substrate 242, print roller 600, lower print roller 3083,
squeegee 606, first squeegee position 900, and second squeegee position
901. The squeegee position is the position of the squeegee relative to the
center of the print roller 600. The squeegee position can have a nmgjor
effect on tkmbbdimehingSlse iofenpion soredn kip.distinee PIOODY is dre dfsesthilistagu betyeen can be
varied to

schematic di %ﬁ?r’a %@%E%S%§%|2g5t on O%egﬁgﬁmg?@ﬁﬁté’é aiﬁglﬁ u({}aﬁ?%%enls?‘%l udes

substrate 24&tm%{1‘00©) th) bee; ﬁ&ﬁ}nath Q\WETmAY ifithe Médn@ﬁa;;%&&mga(mob@@mefbo301 In
one 29 WD 2004/ 040290 PCT/ 2003/004694 enbodi ment of i nvention, screen

snap di st anighy 3qveegee686 Pﬁ@oﬁuﬁfé@ﬂmﬁegf%ﬁ‘@%enbﬂlﬁ%gﬁns@d%éﬁ)f‘ afe suhsiyate

substrate 2 p
setting (10%2%“Mﬂs gﬂgﬁé éﬁﬁggﬁe yd%ﬂ%ﬁ%¥£ﬁ?hps&nh eegjgﬁgﬁéggﬁf?ﬁga?looo)

is set too 301 gl smemadydd BoBa prenivos peutfcyle icausidgyinsidgfitientprigt defanti®01 t o
transfer ink 604 onto substrate 242 with sufficient print definition. If
the screen snap setting (1000) is set too |ow, screen 301 will snear ink

604 from a previ ousFigire M ilfyEhtes £PexPloded View Wi bipedcenditipiing boref1il RHidhoN.
Figure 11 illustrates an expl oded view of a Erecondltlonlng zone 211 which

conpri ses ficPaprigpsifivet drige erélner 2Hphotiplate b0 Brst hegter bank 101y aegprd hesterfpank 01
second heat Qﬁoi)%ﬂ!fthuihjﬂégter B 15687 6 RAeALBAInRANSS tid 3 endd, H&gfﬂgggisnem of

the invention, 'hot plate 1100 contacts the unprinted side trate 242.
In a prefer rcema@srﬂndmmmd gfle oifﬂubstraltm%m il m preférod epibmtlaneht 0Dthisaymtionat ed

with Teflon wan he ted t n of the
i nvention, flrgﬁﬁﬁ28¢ 4 %ﬂﬁﬁﬁﬁp? eco nﬁgaféfg °%WTTH£na§H3%Ph|r
heat er bank ah:8Bodib@wt ckftthe Aléntdh, fioiicatct baikallyl, ke€¥ad hEhesbdiR) 10Z avatifd t o
suit the substrate t&fe and/ or t hi ckness and/ or any pretreatnent and/ or
later tenp efsitey Raak low hot air at approximately 160°C. This may be varied to suit the

substrate type and/or thickness and/or any pretreatment and/or later temperatures

encountered in the process as would be understood by those skilled in the art.

Figure 12 illustrates an exploded view of a first drying zone 217 which
comprises second chilled roller 218, second drive roller 216, first drier bank 1200A, second
drier bank 1101A, third drier bank 1102A, and fourth drier bank 1103A. In an
embodiment of the invention, first drier bank 1200A, second drier bank 1101A, third drier
bank 1102A, and fourth drier bank 1103A blow hot air at approximately 140°C although
this may be varied as would be understood by those skilled in the art from the description

herein.

Figure 13 illustrates an exploded view of a second drying zone 224 which
comprises third drive roller 223, first drier bank 1200B, second drier bank 1101B, third
drier bank 1102B, and fourth drier bank 1103B. In an embodiment of the invention, first
drier bank 1200B, second drier bank 1101B, third drier bank 1102B, and fourth drier bank
1103B blows hot air at approximately 140°C although this may be varied as would be
understood by those skilled in the art from the description herein.
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encountered in the process as woul d be understood by those skilled in the
art. Figure 12 illustrates an exploded view of a first drying zone 217 which
conprises second chilled roller 218, second drive roller 216, first drier
bank 1200A, second drier bank 1101A, third drier bank 1102A, and fourth
dri er bank WQR®A04RY an enbodi ment of the invention, fiPCItGRini3@p4shank
1200A, second drier bank 1101A, third drier bank 1102A, and fourth drier
bank 1103A bl ow hot air at approxi mtely 140C al though this may be varied
as woul d be understood by those skilled in the art fromthe description
herein. Figure 13 illustrates an expl oded view of a second drying zone 224
which conprises third drive roller 223, first drier bank 1200B, second
drier bank 1101 B, third drier bank 1102B, and fourth drier bank 1103B. In
an enbodi ment of the |nvent|on fir k 1200B, second drier bank

drier n
1101B, third dri erFiguK44espies SRS 1S .aéﬁl%smng 207038 Bsls hot air at
appr oxi nat edo}hp}{sl&cf‘oﬁjtﬁ DARAB1ENDE, EBYARELMAT1206C ahdWedHnd dBi6r badRdepRE.oRd by
t hose skill inthe art fromthe description herein. 30 WO 2004/ 040290
PCT/ GBZOOB/@G‘AIS@dlmqﬁt giithe invantidn| frst dmrévsrﬂaﬁm@f@pmddwndldew h?ilkélﬂﬁl rd drying
zone 230 S f.our d i rst er 2000,
and second g‘?lseﬁoqggn f%ﬁmete{ D ééai{nﬁoe ?ma gg ?netdhag “l’og'“\{/de?] ko) ﬁrs 0‘rolér st
drier banklﬁﬂﬁ&@shﬂﬁdﬁﬂ@@&dﬁdﬁﬂﬁédhﬁﬁﬁudﬂmﬂmﬁ; bl ows hot air at
approxi mately 50C al t hough this nmaybe varied as woul d be understood by

those skilled in the art fromthe description herein. Figure 15 illustrates
an expl oded Vi ew Ofjgarel18UMNEsAafds Yh BEpIERAS 936 AMUER drfifEPédeSBS vf'lhéﬁ h drive
roller 235, first drier bank 1200D, and second drier” bank 1101 D. In an

enbodi msnt WPWH@S fifthdsiveiroker 285, fisst dgier banktj2ARD, 12n0 6epoad driscsnlid 181D eln bank
11011), aried as
woul d be un erst (artmd‘eé}‘lt %ﬂﬁ% I%E’E& &hﬁ?ﬁ%&%ﬁﬁeﬁg;{%g?@%ﬂ&h 3 cllrflﬁlp Ton
herein. Fi gelows A airlak a;gtrmatna&l)ajo%)ahh@@hafuymwbeﬁzmdfas rvﬁillld:lbee.&mlleﬁg)odnl t 204
whi ch conprl C oII pqol ymer rollers 1601. In an
enbodi nent Bft ?%@‘q¥& ”b%ﬁgaﬁﬂP?%éFm?%llers 1601 contact the top and
bottom si de of substrate 242 and
Figure 16 illustrates an exploded view of a first cleaning unit 204 which
comprises tacky rollers 1600, blue polymer rollers 1601. In an embodiment of the
invention, blue polymer rollers 1601 contact the top and bottom side of substrate 242 and

transfers particulate/foreign material to tacky rollers 1600.

Figures 17A to 17D illustrate views of an insulation layer to carbon layer print
for an embodiment of the invention with proper registration. Note that Figure 17A
represents the top left, Figure 17B the top right, Figure 17C the bottom left, and Figure
17D the bottom right of sensor sheet 2106. The marks are not shown on the sensor sheet
illustrated in figure 21A. In one embodiment of this invention, carbon print station 103
prints carbon layer which comprises a solid carbon rectangle 1700 surrounded by a
rectangular carbon line 1703 onto substrate 242. In a subsequent print cycle, insulation
print station 104 prints rectangular insulation line 1701 onto substrate 242 which is
positioned in between the solid carbon rectangle 1700 and the rectangular carbon line
1703. When the insulation layer to carbon layer registration is proper at all four corners
typically there may be no uncoated substrate 242 showing between the rectangular
insulating line 1701 and solid carbon rectangle 1700. The registration of insulation layer to

carbon layer can be checked manually by an operator or can be checked using second
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transfers particulate/foreign material to tacky rollers 1600. Figures 17A to
17D illustrate views of an insulation |ayer to carbon |ayer print for an
enbodi ment of the invention Wi th proper registration. Note that Figure 17A
represents#&he tp | eft, Figure 17B the top right, Figure 17C the bottom
left, and FYgdre ™% t he bottomright of sensor sheet X{FE:BHHWI0HEt ks are
not shown on the sensor sheet illustrated in figure 21 A |In one enbodi nent
of this invention, carbon print station 103 prints carbon |ayer which
conprises a solid carbon rectangle 1700 surrounded by a rectangul ar 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 positioneidn bms@eﬂ@ewhictl I orgenitedivaenb compréses aczgima piB@daneachlverner of

rect angul ar ,car.b Q3. Wen t Jatlo arbon Iayer

Feqi o Pat | ol PP b ary S et e e SRt e kot Rt

uncoat ed su§sekdiéican by AhRw &ndiebide Bublsh@e hgiateangnd Abthet a[surraztscf&nl ine 1701
and solid carbon rectangle 1700. The registration of |nsulat|on Igégr to

carbon | ayeFheensraies Céﬁ@@né@uﬁ%mawqcythﬁngﬁ@ra%%ﬁawlat@p te sasboredwingdhisd usi ng
second 31 V\Qn%ﬂ%’c{ogg%c% @Esar {n@%o&é{ng%@%m fﬁ?ﬁ% aﬁc?ozazn nikech in one
corn e

enbodi nent conprises a cahera polnted at eac substrat e.
Typi cal | y t whatefep ndjpstpnts atﬁfnelctﬁ@arb/m biiing the alsuleuoraandtdaéosn)alnts inb the print

run. An operator c Vi bstr.ate adjacent pne
anot her on Z°F &r/d%oélr 2{1 o4 apgregla eflgP ?@Eﬁ” etb Véewer ?%% oPIPRe piocljteX ’gle’ P
regi strati ogantdrasi pasittdatiledatibms abavé)fmr duﬁerrwﬂiehulsstratematd)a&eim&hﬂcﬂmafdsc ess
(and i ndeed during the remai nder  of the prlnt run) and can nake _what ever
adj ust ment s oafi@plﬁéeé%aw of Gaghraf . foreeomesiptgpribrird idug Biesemeprafied i nt o

registrati C’&lrcéi1 Lntecogﬁg\%\ged)ﬁr FRREGS cﬁ%%gcoha%h tﬁeﬁﬁ?‘l‘%g]}ﬂ’de%gubgt%e ﬁeﬁﬁfﬁﬂr i sing,

for exanple, ras pointed at |ocations ab our coner of
substrate cémed)ewiilmmqwds tansteatlylbeing mpladcd;qtﬁl thgyweb gm‘eqhsﬂlmugbthe@@phatuﬁ t he

four comers Thus L arne car onI i ewed for
a fraction o S % gén Snayegﬁm Rerat i gop egilnsgl ﬂ’éthee gggarﬁ's%dalésgn E‘ﬁ ﬁm&f;
vi ewi ng cankisam theinsulasdnxo chipoh edgiitratien AaipRaness théiepanetbr maﬁﬂﬁkslnbmaugh t he

appar at us. Th| S S enabl es an aoper 0 see I nstant t he effects any
adj ust ment %HR@H] t%égreahpwétr?lﬁswaa?x?i@ﬁt F%leﬁgﬁl?&?s‘frég%??? BOTen

Adj ust ment s retlzﬂﬁlc RPeP a8 AlctiBRY B Fositnl i fifation to © (Theta). Once the viewer

registration has been set up on this and other print stations (using viewers 228 and 234) the
automatic internal X registration system (using marks 2107 and 2108) and the automatic Y
registration system (for example, registration systems located at positions 2374, 237B and
237C using marks 2101 to 2104) are allowed to take over and monitor and automatically
correct X and Y registration during printing. Marks 1700 to 1703 shown in figures 17A to
20 D can be used for automatic X and Y registration during printing as an alternative or in
addition to using marks 2101 to 2104 and 2107 and 2108 as would be understood by those
skilled in the art from the description herein.

Figure 18 illustrates a view of an insulation layer to carbon layer for an
embodiment of the invention with improper registration when the insulation artwork is
longer in the direction of printing than the carbon artwork. This may occur even if the
carbon and insulation screen are the same size in this dimension because of the substrate
may have stretched or the screen stroke may be different in each stage (a slower screen
stroke gives a relatively longer artwork print along the direction of travel of the substrate
web). Note that Figure 18A represents the top left, Figure 18B the top right, Figure 18C the
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but are not limted to, screen print stroke, snap height, squeegee pressure,
screen position relative to "Y" direction, screen position in r relationto O
(Theta). Once the viewer registration has been set up on this and ot her
print stations (using viewers 228 and 234) the automatic internal X

regi strati oYO 289&P-8230(usi ng mar ks 2107 and 2108) and t hePEIGHAMBOEI6H

regi stration system (for exanple, registration systens |ocated at positions
237A, 237B and 237C using nmarks 2101 to 2104) are allowed to take over and
noni tor and automatically correct X and Y registration during printing.
Marks 1700 to 1703 shown in figures 17A to 20 D can be used for automatic X
and Y registration during printing as an alternative or in addition to

usi ng mar ksb&fkﬁileﬂparﬂﬂmgumﬂﬂDZHi)ﬂomﬂmghieﬂseamr\mw 210%e Wheteths irgoldtiday t hose

skilled in the art_ fromthe description herelg ure 18 illustrates a view
of an insul 3R Ci‘fg% AYPRFegIST IO it IRRLPPEF At ong,Q tt@rflﬁ‘grcﬁoﬁﬁﬁscmi‘if’a F‘ﬁ%’r‘bﬁﬁﬁ%ntu on

Wi th inpropes éaa%%bée%bémwmﬁmhéﬁa@taﬁg%wh@maaﬁg ﬁﬁé W1 kandl Solid @Rgsar i n the
di rection of prlntgag gban the carbon artwork. This may occur even if the

carbon and faswuglat ¢ eagiptratien effipsubatinn layerte qa?boflllﬁygr eAnhersbedkad because of
t he substra gmxrg mﬁ&ﬁQE g %ﬁﬁvsﬂﬁnéﬁ&ES?LStrOke may be different in
a

each stage reen Ives a relatively longer artwork print
al ong the dlrectlon of travel of the substrate web). Note that Figure 18A
represents the top

2004/ 040290 PCTYCBfJ eftb%ﬂ'é‘g‘ﬁdtgstfo‘f“f‘ﬁﬂ? ‘Hath‘}’i‘ga)‘—%’f&ﬁ?agb%éb‘/? ‘értaggttgrzn y\ioght

of sensor sb@BbdidbMof i ialerkiBs withSibrpbBgistraNa wHeR tieairRedd ihaRion
registration is inproper at one of the four coners uncoated substrate 242

can be obsepiserkiethosienthemhat elcthapryeenaprint (ouexamplgy theisaren vipkederthe ol i d
b t bon |
carbon r eCL&gﬂ ﬁh %rgl(??aﬁggm{aggg{hﬁﬁ bl e Odrbdi) S4B 39&1&@&/&&“9 ggbraer on [ayer

can be checke operator using second Vision sen
Fi gure 19 i kharst fhath @st af bhb ewbari praut siatisn)l Hoiedmt IFegaes; l%rapeasbmmthlea;pelleﬁj or an

noul et on PPtk O Skt R Rom et Eb T RE e F sBh gt o

the screen sdns@kdedt@106 hwheh fRUhsdlAtOR [ tBtcaﬂﬂiﬁﬁ(lal?& fei8@&IontiHmprbpatt of the
carbon, or the insulation screen may be shorter than that of the carbon

print stati fgofBe four ﬁ@merlsug%ﬂaéedfgwma@ﬁﬂé sambaolspwed bgweet the rectangular

insulating line1701 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,
Figures 20A to 20 D are schematic diagrams depicting the results of a process for printing
a second view guide 2002 (see Figure 21 A) which comprises solid carbon rectangle 1700,
hollow insulation rectangular line 1701, hollow carbon rectangle 1703, solid rectangle from
the first enzyme layer 2000, solid rectangle from the second enzyme layer 2001, and
uncoated substrate 242. Optionally, such prints can also be used during manufacture by
automatic ongoing inspection systems such as inspection system 237 in section 6 (after the
second enzyme print). Ongoing registration is typically otherwise carried out by a
registration system (not shown) at positions 237A, 237B and 237C in the “Y” direction
and by a registration control system looking at marks 2105 (see figure 21A) in the “X”

direction).

Figure 21A is an example of a sensor sheet with a first view guide 2100 and
second view guide 2002; first Y registration marks 2101, second Y registration marks
2102, third Y registration marks 2103, and fourth Y registration marks 2104; and X
registration marks 2105. Note that X registration marks 2105 comprises carbon X
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Figure 19B the top right, Figure 19C the bottomleft, and Figure 19D the
bottomright of sensor sheet 2106. Wen the insulation |ayer to carbon

| ayer registration is inproper at one of the four corners uncoated
substrate 242 can be observed between the rectangular insulating |inel701
and sol id cHOF8W/HEEtangl e 1700. The registration of i nsROEEBWN/0APEr to
carbon | ayer can be checked nmanual ly by an operator using second vision
sensor 222. Figures 20A to 20 D are schematic diagrans depicting the
results of a process for printing a second view guide 2002 (see Figure 21A)
whi ch conprises solid carbon rectangle 1700, hollow insulation rectangul ar
line 1701, holl ow carbon rectangle 1703, solid rectangle from the first

enzyne | ayefegd@@on Sadki2d 07 e6d me@hteon’ X edpistiagorSR&Q ] 08NEiE: 118)ie tn 2flddedand
uncoat ed substrate 242. Optional ly, such prints can also be used during

manuf act ur eVisy ofgne R pitingaRer el HOp stthiasarbopst esistratipmmark 21 Aspttion
system 237 'sé?:oﬁc? Q/ﬁévpgua% S0t %%\ﬁ@ﬁ’lc ﬁeaﬁ%m @é&Z\XéW op&ierijb‘)v w&ﬂiﬁl Qéng& sheet

registration 1s typi y ot hetw se carried registration system
(not shown) 2536 yitls art msmiaummgmﬂammadtmgs@d wcomiawévv"gunﬁeﬂéellhmlafmmd by a

5 rect Rt Rb ey PR Ry s o ek B S b e

vi ew gui de 210@n@iHoirpeoqnshiddsemrigitr @einPQefPharldiedgé say of agiklsR 108) ir0alvamdek s
2101, second Y registration marks 2102, . third Y registration marks 2103
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i nsul ati on Xuﬁ@@kﬁﬁﬁ&kDanﬂﬁbﬂ 2108 and second vi ew gui de 2002. Insul ation
X mark 2108 entirely overcoats carbon X registration mark 2107 as
illustrated in Figure 21 C and in doing so provides a trigger point (left

hand edge say of MBLK.GIORY vich B BGRer dHind B plied Sh ] FHglre 98KIION M K

2107. This neans that any subsequent |ayers ‘are printed in relation ‘to the
second pri nikdhelseguence(in whidhi theycars printad Atryseiioa i o satbany print stagiondp3.tarsahd t he

carbon rectangle 1700 is printed along with a rectangular carbon line 1703, which
surrounds the solid carbon rectangle 1700. At section 4 of insulation print station 104, a
rectangular insulation line 1701 is printed between the solid carbon rectangle 1700 and the
rectangular carbon line 1703. When insulation to carbon registration is correct at all four
corners typically there will be no uncoated substrate 242 showing between solid carbon
rectangle 1700 and rectangular insulating line 1701. Additionally, at section 4 of insulation
print station 104, there are two more rectangular insulation lines 1701 printed directly
above the solid carbon rectangle 1700. These two additional insulation lines are used to
visually assess the registration of first enzyme layer 2000 to the insulation layer and second
enzyme layer 2001 to the insulation layer, this is done so by printing a solid rectangle of
enzyme ink within the rectangular insulation line as illustrated in Figure 20C and 20D.
Thus the third and fourth printed layers can be registered to the second and not to the first
printed layers. This has the advantage that a change in artwork size between the first and
second layers (which may be required should the substrate stretch after the first print
station for example due to the heat and tension encountered in the first drying zone 217)
can be accommodated without adverse effect on print registration (a tolerance of 300pm is

typical in the X direction).
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carbon layer. This can be useful say if the second and subsequent screen
artwork dinensions are longer in the X direction (along the web) than the
first screen artwork dinension in the X direction. An expl oded view of one
corner of the print guides is showm in Figure 20A-D, in_the iggg%nce in
whi ch t heyWar2804¥920 ed. At section 3 of carbon pri nt stETERYIE%4 sol i d
carbon rectangle 1700 is printed along with a rectangul ar carbon |ine 1703,
whi ch surrounds the solid carbon rectangle 1700. At section 4 of insulation
print station 104, a rectangular insulation line 1701 is printed between
the solid carbon rectangle 1700 and the rectangular carbon line 1703. Wen
insulation to carbon registration is correct at all four <corners typically
there will be no uncoated substrate 242 show ng between solid car bon
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1700. These two additional insulation |lines are _ used visually assess the
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solid rectangle enzyne in In t e rectangu ar insulation [The as
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can be registered to the d an the first ers. Thi s
has the aovaHtage feRide S BFERBEn PR PPhe, Bk ila” bistneeh il M tor by Siop

second | ay epﬁnt(aﬂ@ bl eRY p@@hrt@qwnbledths by 6t tshuears UITHE badpet (ﬂ‘muﬁ&mrosaﬁ ker the
first print station for npl e due to the heat and tension encountered in

the first dpsfp @@b@%@@@ﬁych %Safho%‘/én‘&géfﬁﬁﬁbﬂé‘ﬂl@@% tthigched sarde preceieotede o t on
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end of the paEerEEssqdeswbShrr@ﬁetv@ﬂthhwbmmddi; mgedchealslenmafypvhaﬂteemetdaeheon is

rewound by rew nder. n|t i nto unc ch may be,
For examp e Sabar sue Bt B v 1ol hot SR or BHRGR) Kot o
envi r onment refdeedRack CaPeiiE& diss. me@a.‘asxre t}(en stitktdon Eipcb&bh@%(ﬁﬁﬂr%‘l er Punch.

The Preco Punch regjstration systemuses a CCD vision systemto | ook at
"Preto Dot spreparatlon or the next manutacturing step.

At carbon print station 103, insulation print station 104, first enzyme print
station 105, and second enzyme print station 106 all have a means for visually inspecting
the registration immediately after the printing process step using first vision sensor 215,
second vision sensor 222, third vision sensor 228, fourth vision sensor 234, respectively.
For each section in the web printing manufacturing process — Section 3, 4, 5 and 6 - there
are Web Viewer camera systems located immediately after the printing process step. See
Figure’s 2A-2C for web viewer locations. There are two cameras at Section 3 and four
cameras each at Section 4, 5 and 6. The web viewer cameras are part of a manual set-up
process used by the Web machine operators during the start of the print run. The cameras
are used to view printed marks, which aid the initial set-up of carbon alignment to substrate
242 and registration between insulation layer to carbon layer, first enzyme layer to
insulation layer, and second enzyme layer to insulation layer. The printing guides are
illustrated indicated on Figure 21A. For carbon print alignment, second view guide 2100 is
used to indicate the carbon print position in relation to the edge of substrate 242 as it runs
through carbon print station 103. There is a leading line and a trailing line as illustrated in

Figure 21A. The carbon print is adjusted until the lines indicate that the print is square to
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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 out put of Punch 108 is a set of punched cards such as those
illustrated in Figure 21A. Punched cards are ejected from punch 108 onto a
conveyer beWVp220MiRIConveyer belt transports the cards wuderB2a03/doggogode
reader which reads two of the barcodes on each card to identify whether the
card is accept or reject inrelation to the Wb Dat abase. Automatic or
manual extraction of rejected cards can carried out. The cards are then
stacked on top of one another in preparation for the next manufacturing
step. At carbon print station 103, insulation print station 104, first
enzynme pri npe sibb@dié _&Ige.lﬂ%is_tﬁﬁgn §%@Miﬁmy?ﬁmea Myestigtdg@edBnakl have a
means for visually inspecting the registration inmediately after the
brinting prdiwete @loap tsdemah §§the macting and e irection (acrass e ddi ofitem sensor
222, i rd yi3QPsaasar »PaSx dRuibll SR i EIRON AR me i GIRGFkL Ly  FO!
each section in e printing manuracturing process - Sectlo , 4, 5 and
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printing proces tep.. See. Figure,s 2A-2C fo .viewer. l.acatiQns. There
B et wo c aridh 16 CarboBRE e stper tresuacpnepans AR i re o e e T and o,
The web Vi em@ilatkakindsg fck: iDddgist@éd @ theOaBbn Sditudidg sBisofaMtchsREanhe Wb
machi ne operators during the start of the print run. The cameras are used
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e t an econ

first enzy ayer to insuldtion1ayer, enzyme layer to

i nsul ati on puayese js théreoyer prijtediyith insdle8oraKeegisttdtios tragk 2108 andiicailizdd anth&i gur e
21A. For carbon print alignnment econd view, guide 2100, is used I ndi cate
the car bon BRIHEAGaP EPEH R afrdETGRATE eHe 2200 v fecan et bsuals |

runs throughh gRiRAMLIBA pAkt. SY Afrb@idn l&ﬁstraﬁ&efs%ohﬁolﬁ:d|bgaidfdgﬂs_trhﬁdﬁﬁsy@t@ﬂl_ a
trailing line as illustrated in ure 21A. The carbon print is adjusted

Fi
until the |{maeshorabiosaiedatprgitons B274r43AB and 2X74y vhich ig 0gg expppdimnont 4290
PCT/ GB2003/ 4 . 3§ﬁ9ﬂ ' ddego igdgd vidual 'y
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21A. X diregt] off LeLSL Gl Ol sonC RiSihon, Bzt ald Bulbiatd P el S dh Rl hRL T on
printed in order that the subsequent print is registered, via sensors, in the Y direction. The
Web Database records process information during printing. Information recorded in the
database can be traced back to each individual card via a barcode, in one embodiment a 2D
barcode is used. Typical information gathered in the Web database is outlined in Table 3.
The Web Database has the ability to assess whether a process parameter is Acceptable or
Unacceptable and can be used to reject cards on this basis — whether the parameters were
running within there tolerance limit. Unacceptable cards may be removed at future

processes either manually or automatically.

Table 3.

A 38 i AR e
Hot Plate 1 of Drier Bank 1 Drier Bank 1 Drier Bank 1 Drier Bank 1
1 of 2 - of 3 of4 of4

Drier Bank 2 Drier Bank 2 Drier Bank 2 Drier Bank 2 Drier Bank 2
of 1 of 2 of 3 of4 of 4
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Figure 22 is a schematic diagram of parameters X, Y, Z, and 0 used to register

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

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

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

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

vertical). The parameter 6 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

37



Drier Bank 3 Drier Bank 3 Drier Bank 3 Squeegee Squeegee of | of 2 of 3
Pressure Pressure Drier Bank 4 Drier Bank 4 Drier Bank 4 |nside Hood Inside
Hood of 1 of 2 of 3 %RH %H Sgueegee Squeegee | nsi de Hood I nsi de Hood
Pressure Pressure Tenp Tenp Qutside Qutside Hood %RH Hood %RH CQutside
Qut si de HoW® Wewfid0¥»od Tenp Web Tension Web Speed Fi gu(&/GB20pX00469%4chemat i ¢
di agram of paraneters X, Y, Z, and O used to register the web printing
process. The paraneter Y represents the direction fromthe operator to the
machi ne side of the web printing nmachine (typically horizontal). The
paranmeter X represents the direction fromunwi nd unit 101 to rew nder unit
107 (typically horizontal). The paraneter Z represents the direction

per pendi cul aconjunctidrewixh anstteY. Rtbdwtibnsoofse(etral plesigisl of stripsatd enadspgedTAepresenainet er

0 represents_ the, angl e around . the Z axis..ln, an enbodi.nent  of thj

i nvention, t¥EYeBH ‘g‘iﬂgﬁﬁéﬁﬁr‘%’ﬁ efae i?‘é’ﬁdgéﬁ ﬁ%ﬁpsrtrég}’%etlﬁ & G ?‘Bﬂchgﬂﬁr*ﬁg print
process suchma®y whicRfis £%A40¥ Bomaafed8edh, Rici Nt station 103, insulation print
station 104, first enzyne print station 105, and second enzynme print

station 106. In one enbodi nent of the present invention, the output of the

web manufacturing Rrsgﬁgﬁﬁici aéﬁﬁgﬁnlﬂf:b%ggrt%ﬁ( 3 d}cg\@fslﬁ'nq‘? {35 AgCar bon,
I nsul ation and two identical Enzyne [ayers prirnted in register with one
anot her to fdustras¢sranpsomplete pringadtcaidy whishannteine ¢ FRewWEh fAl“Seess drheserrte a

associ ated contact . elect r,odes % . detectin % ucose, i.n,a bl ood sanple. The
Strips are GOl 8 SR R Frb rRE SR o Gone gt gia T s 588 Mo o200
PCT/ CB2003/ 0R4&D6F 500aiYs) parhiled o We tdlte@iof®E print, fRE eHecdsi canbe edsilyexRhiddd tdesi gns
of strips are envisaged. At present )

inclusion of a cutting step separating one row from another. Furthermore this means that

any defective rows resulting from cross web variation in print quality (perpendicular to the

direction of print)can be identified easily. Each row is allocated a number (identified by a

barcode) and therefore specific rows from specific sheets on the web can later be identified

with reference to the database and eliminated without the need to reject the whole sheet.

This increases the yield of usable product from the process and renders the whole process

more efficient.

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

web printing process (carbon, insulation, enzyme).

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

squeegee etc) to optimize the print process for electrochemical sensors.
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the web is designed to produce "One Touch U tra" strips for use in the One
Touch Utra neter which is available fromLifeScan, Inc. A schematic

di agram sanpl e of the artwork produced is in Figure 21 A This illustrates
one conpl ete printed card, which contains 10 "Rows" of 50 "Strips". There
are a tot awog‘f‘“/@ﬁ’é”' Strips" per card. Print orient atioﬁ§T§rﬂé0‘Hﬁ’§‘t§94
indicated. By printing rows 0 to 9 (each of 50 strips) parallel to the
direction of print, the process can be easily extended to inclusion of a
cutting step separating one row from another. Furthernore this neans that
any defective rows resulting fromcross web variation in print quality
(perpendicular to the direction of print)can be identified easily. Each row
i s allocated a nunfesurhindgry brieflydn bweh mabhafactodeg pmnebs fbransfufacairmgeci fi c rows
fromspecific sheets on the web,can |ater be identified w reference to
the dat abas@® ML SR R ek sPandp ar iRstedes & 1 'éjhﬁ?:tfglt’?\%m‘t/ﬂ%‘fe ugder .

Thi s increagggod Ningthe SroBdss UTROprintRpAH6As (Fsr@Rishpie chibek afsuladbd, thander s t he
whol e process nore efficient. e novabl e substantially flat screen copes

wel | with teymphenically ¢ash arefobowes) by adivmesttiph nttqréerdy dustbeyinkp effisienfly i nti ng

of electroc 1+ T an enabl e
better cont{rﬂlgllahgl?gtaﬁ’?%tég%éf F%Nﬁeﬁﬁég%p?ﬁtgﬁggghsﬂ éégﬁé ‘::(S)%E &{tn%giae{? hi cker | ayers
of i nk needBEdtliemmekde sidoetigrtionbt themeb tigotghoracmpynting stdtionythel whly isrpdacedr avur e
or cylinder screen printing. A variety of types of screen (with different
mesh, di amet¥F 5P hread in the nesh, thread separation, thickness, mesh

count) are readily commercially available to cope wth the different
requi renents of differen pes of ink in the continuous web_printing

tt
process (carbon, i ABaPEsies haskbpkept underdansicn tocontral regisaHeR EAD B the f1 at
screen, pri ?{gcés?,l Js%rrcsu?tggﬁ%rfe%ﬁh@ﬂfﬂs@ate ﬁ%é@t@@ﬁ)?leg%‘ﬁ%lgg) & enSnkSat t onar ds

the substrate, a varie of paraneters are aval 0 “be mani pul at ed
(screen to puigsigy the eutshgleoyill stetele gaeedictghlp casngamagt Szsuietgem spbeitdndn,
squeegee to _print roller position, snap distance, rel ative speeds of
substrate aﬂlgnt%cr een and squeegee etc) to optimze the print process for
el ectrochem cal sensors. 38 WD 20041040290 PCTI GB2003/ 004694 To sunmari ze

briefly in a web manufacturing process for manufacturing.
The size of the image printed at each print station is determined by several

factors (stencil size, ink viscosity, relative web and stencil/screen speed and substrate
stretch at that point (both reversible and irreversible stretch) etcThe image size variation
(between different printing steps) when looked at the end of the process was found to vary.
It was unpredictable and higher than expected significantly reducing yields. If the
mismatch between image sizes between layers is greater than 300microns along the web
(x-direction), the product will not work. The excessive image size variation was thought to
be due to excessive and unpredictable stretching (due to heating and tension) and shrinking

of the web substrate.

The problem of stretch and tension does not cause the same problems in flat bed
printing. To solve the problem in the web process, pre-shrunk substrate was tried. The
substrate was heated to around 185 degrees centigrade before being used in the web
process. However, the variation in image size remained a problem, and caused reduced

yields.

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

first drier or rather preconditioned at a sufficiently high temperature so that in one example,
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el ectrochem cal sensors, the web expands or stretches as it is heated up and
pl aced under tension during the process. The printing stations (for exanple
carbon, insulation, two enzyne) typically each are followed by a drying
station. In order to dry the inks efficiently the drier stations operate at
qui te hi gh Weapah#eUr es (50- 140 degrees centigrade). FRCTIERMB084600 ai d
regi stration of the web through each printing station, the web is placed
under tension. The substrate has to be kept under tension to control
registration within the process, as a result, whenever the substrate is
heated for exanple to dry the inks after printing, the substrate wll
stretch unpredictably causing i mage size variation in subsequent prints.

The size of idigriniBgRidR" i AibSEnillySBnbvaa M tRisabdaR, 'éor%‘éﬁhﬁi%é%@m y several

factors (stencil size, ink viscosity, relative web and stencil7scréen speed
and subst r apentedon tieshbsiratet hat point (both reversible and irreversible
stretch) etcThe inmage size variation (between different printing steps)
when | ooked at the end of the process was found to vary. It was

unpr edi ct abl e and I gliest pideagsingspeioh aclths wgh infackiaata drier balikdieaty tlyd sbsitate | f t he
m smat ch betmeegpufage si zes between | ayers is %%3 ter tgan 300m crons al ong
the web (x¥Rifr KOrdegrys cqnfgrage-JdG LemRarattren eReouRFied by iy whiedskicen theage size

variation WagctaYHiehIy & ndl@xcHes 15PIr&RSSi ve and'unpredictable stretching
(due to heating and tension) and shrinking of the web substrate. The

probl em of stretch and tension does not cause the sanme problens in flat bed
printing. To solve Qb I pre- trate was
tried. The substré%ggwgg%ﬂéggg%H?%Qg?gg%%H%g§%§§6?E%§“%@%#?§w§§gﬁﬁégore

bei ng used hot gldte Thedis afifefior scated-aluveeltich lifteandaoniatts Gie substiatedigingintotion

remai ned a proble and caused reduce Leld The current proppsal for the
web prope;soféeﬁﬁ'lhé}%ﬁnﬁﬁ ‘W%MﬁgFgPﬂ¥é§ePﬁhﬁml fratey ?Féﬁ“@ﬁg?ather
precondi t i oRgfimdtat 8 s&ipoldt 6F SACCWwvitH HdpetiBoRRA AE W-°SOTHNBO  &et PHIGE €Xanpl e,

39 WD 2001/ 040290 PCT/ CB2003/004694 irreversible stretch is substantially

removed f r ofiatisisaldiprevidad the bgstidimensipnakconivelgEhgedlendated mean is 160.9°C. In
Bank 2 hot air is introduced to the front face of the substrate at a set point of 160°C with a

specification of +/- 4°C. The calculated mean is 161.29°C. In Bank 3 hot air is introduced
to the front face of the substrate at a set point of 160°C with a specification of +/- 4°C. The
calculated mean is 161.18°C. In Bank 4 hot air is introduced to the front face of the
substrate at a set point of 160°C with a specification of +/- 4°C. The calculated mean is
160.70°C.

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

position, thereby forcing ink through the screen onto the substrate. The screen then moves
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printed on the substrate. In a first processing station in the web machi ne,
a drier bank heats the substrate up to 160 degrees centigrade. The
tenperatures encountered by the substrate later in the process, typically
do not exceed 140 degrees. In figure 2A the first heater bank that the
unprinted sWESIHEHE®ncounters is the hot plate. This iRCTABREIIWH¢0at ed
plate, which |ifts and contacts the substrate during notion of the web. The
heat is introduced to the back face of the substrate. This is currently
running at a set point of 160C with a specification of +/- 4C. The 160C set
point statistically provided the best dinensional control. The cal cul ated
mean is 160.9C. In Bank 2 hot air is introduced to the front face of the

substrate ain the §RJosROdRdction toltBO Subdirktb ait isSBREALA (BiBbdday wath irtl readyTor thae
calculated nean is 161.29C. In Bank 3 hot air is introduced to the front
face of thet@ypERtels- at a set point of 160C with a specification of +/ - 4C.
The <calculated nean is 161.18C. In Bank 4 hot air is introduced to the
front face of the substrate at a set point of 160C with a specification of
+/ - 4C. The cal cul &vdlermlearenisof a pg@eOCeordingdo thepodsentdfiventien melincbdsi on and

the heat ingr ced ig.the drie t b ., substrate is. stretched .b

appr ox mat ol 017 B el & o e MR B R EHEe sof nSSHARRE | casons
for utilizi ng vwebatittoRow 0garallelto @86 Bdletof eei wigh dndirdw Opasdlidbiol the@hérfedgsobst r at e
prior to subsequent printing statjons. The use of Station 1 to precondition
t he subst r atle Webpiliziag foup el weiehring $16psYE- 8B OBAN 0| SRSV &S HSRBWP L engt h

since much ghe GRer BB fkkf! AddiibRlIDRnDRS R GBpd SIRMRY the Fb bldCessubStrate

prior to printing. In one enbodi ment of a continuous web nanufacturing
process accedhgsing ptigt/dripdamipategewtcui ¢iv.diacingthe sorecenl at ot pugletd thy sybswatd at | east

a first reagent |layer. ar [Nt n_a continuous substrate b movabl e
flat screen i'nEs 85 1pr 6@%%% ﬁowgtg%g)csr%egcqnol 5?‘%}?&51[{3 hfahe S&‘é%e ra %e ??lgtfvescr een
i's urged tovethe sangéift of deisibutatesat pHftdg) Alag ba snadb @arfibsste Dpemide ppihi Nt i ng
position, thereby forcing ink through the screen onto the substrate. The
screen thend @éL 40 WD 2004/ 040290 PCT/ GB20031004694 in the opposite
direction to the substrate as it is reloaded (flooded) with ink ready for

t he
In one embodiment of the present invention, during a print cycle, the screen

moves in the same direction as the substrate at the same or very nearly the same speed as
the substrate. A squeegee urges the screen towards the substrate and in doing so causes ink
to be transferred onto the substrate in the desired pattern. The screen to substrate angle,
squeegee angle, screen to squeegee position, squeegee to print roller position, snap
distance, relative speeds of substrate and screen and squeegee pressure can all be used to
improve /control the resultant print definition and consistency across a card (e.g. 10 rows
of strips with 50 strips per row). The screen may be moved in the opposite direction from

the substrate during a flood cycle.

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

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

the printing of electrochemical sensors. It would further be advantageous to develop a method
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next print cycle. Further elenents of a process according to the present
invention may include the followng. Printing each of rows O to 9 (each row
containing strips Ito 50) are along the web with Row O parallel to one edge
of the web and row 9 parallel to the other edge of the web. Utilising four
or more priNPHHY e g. one carbon, two enzyme, one i RUIGBI0BHI046%ne
silver, one nesh). Additional print/process steps extending the web process
to adhesive print/dry, lamnate row cut etc. Placing the screen at an angle
to the substrate. This inproves ink release fromthe screen onto the
substrate. The squeegee angle (relative to the tangent of the substrate at
printing) nmay be made variable to optimse print definition. In one

enmbodi ment @é/mmh@cpmegémsoliSm;émhl@rf?cmfﬁbﬂjteacqntrpmfpdytd@ﬁﬁph@néﬁreeen nmoves
in the sane,dir.ecti I sane
speed as tﬁ%oélﬁﬁiéﬁg @‘f"%@&%ﬁ%&l‘{e&tﬁ%@@é e%ﬂ%cggggg%l%&?%%aty fs}ﬁ hgeeyagh%%% rate
and i n doi nhy stogeausss cyliider dogeeh prititingn $tfvesuldefilrtbertbe ativentagadstic ddvelopa t he

desired pattern he screen to substrate angl e, . squeegee angl.e, screen to
Squeegee. polIPAAl MEYTEBGEE STROTTRROHEN LS PRaeeE D Lt e,

rel ative spggfipulafed fdptitdial tRe pitd pRicbRF ehidfochemRADRAsRS. essure can al |l be
used to inprove /control the resultant print definition and consi stency
across a card (e.g. 10 rows of strips with 50 strips per row). The screen
maybe noved in the i i i on- . i fl ood
cycle. In a nethod Ig‘g@gr%d%ﬁ) %&gﬁ@gﬂ%@ﬁ@%ﬁ%@%{&g%@@ 5{}311 egf

par anmet er s aneturesvitln$tealtddeant] dedveibedhindrgin lasd thet the desedhed emisadimenmtaf theangl e,

squeegee angl e, .screen. to.squeegee,..position, .sqyeegee to print. roller

posi L on, S MR Bpidls O FERGRTE Mjstany tsremiplipet fo Peplgment e deimed and
squeegee et glvehtdnORh bddidéh, ithBowE bBind¥ A6 Rat fe0éryQlraGhifeQleh@veg above@asors. |t
woul d further be advantageous to devel op a nmethod of manufacturing sensor
strips wher &instighandrscthgnicisp e hgaplergd @WStar%eapg/ e pedprming thab BEtpm. | qui d
conbi nations) used in the printing of electrochem cal sensors. It would
further be advantageous to develop a nethod 41 WO 2004/040290

PCT/ CB2003/ 004694 Whileymnfefrad tmbodipersenftbe psbent psventiorclimve deén shbwhasd bet t er

control of Qgslcggeﬂ?efréig,l i% vlvﬁpbeao%%ic}urs] ?o those skilled 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. 1t should be
understood 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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deposition of the thicker layers of ink needed in el ectrochem cal sensors
than may be allowed by rotogravure or cylinder screen printing. It would
further be advantageous to develop a nmethod of nmanufacturing sensor strips
wherein a variety of paraneters are available to be manipulated to optim ze
the print process for electrochem cal sensors. It will be recognized that
equi val ent structures nmay be substituted for the structures illustrated and
descri bed herein and that the described enbodi nent of the invention is not
the only syHuqtigrez AIMED 188y be enpl oyed to inplenment the clained

invention. In addition, it should be understood that every structure

descri bed above has a function and such structure can be referred to as a
nmeans for jperform - i f ?ﬁgﬁg 0f .t he

pr esent i#Vent?Bﬁb gggh@%gﬁHgﬁ%ﬁ Qgﬂﬁﬁkﬁg?@$§§§§%ﬁg?§ n, ?@ﬁfﬁqﬂ%g obvi ous
t o t hose skibldfedubstratepastaome or hetre pring istatimiroaiidpeintisg aneeor pomw\eiadrdddsypnway of
exanple on]y. Nunerous variations,. changes, and sybstitutions will now
oocur o CHENERE F1a83 of Hor Rt SttigRs Bt techepars SIg FrotheeRBit ik i on 1
shoul d be ysipdRl SkQ@AGrintlAg, WitkdiR Sid Aht RFRADPHHES: & alried o8NRRAH MMBYHIOf t he

i nvention described herein nmaybe enployed in practicing the invention. It
is intenddWtsdiean. the following claims define the scope of the invention and
that methods and structures within the scope of these clains and their
equi val ents be covered thereby. 42 WHAT IS CLAIMED IS: 1. A nethod of

manuf act url. Agnethodcheeotdimpcdiaim L al wisielns 6irst osnatiors lager it penepon thewybstrateveb of a
substrate past, one or nore print stations.and prjinting one or nore

el ect r ode<t BRIiNGALIoB by Seregh Br"%ﬂng(ﬂ‘?én%‘:la“ﬁﬂ I"g( ‘bﬁ"lgrﬁaté‘frﬁﬂ I8y screen
printing electrically conductive ink wusing flat screen printing, wherein
said flat screen printing is carried out using a novable flat screen. 2. A
met hod acdoAdnethodaaprairg torelanni2cih which & Bist iepgant kiyeos phinied onitke ubstrated on t he

OS2 Sl S0 RS B B SRt VoL

reagent layer is printed on the substrate at a further print station by
screen printing a first reagent ink using flat screen printing. 4. A nethod
accor di ng 4 & raeipobrccerding e any §f claims? i iBvhichsaecsaed eagé kayer Bpanteds print ed

on the substrate at one print station by screen printing a second reagent ink using flat

screen printing.

5. A method according to claim 2, 3 or 4 in which a second insulation layer is printed on
the substrate at one print station by screen printing a second insulation ink using flat

screen printing.

6. A method according to claim 5 in which the second insulation ink comprises as

adhesive ink.
7. A method according to any preceding claim in which one or more further electrode,
reagent, insulation or adhesive layers are printed on the substrate at a print station by

screen printing ink using flat screen printing.

8. A method according to any preceding claim in which flat screen printing is carried out

using a substantially flat screen.
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on the substrate at one print station by screen printing a second reagent
ink using flat screen printing. 5. A nethod according to claim2, 3 or 4 in
whi ch a second insulation |layer is printed on the substrate at one print
station by screen printing a second insulation ink using flat screen
printing. 6. A nmethod according to claim5 in which the second insul ation

i nk conprises as adhesive ink. 7. A nethod according to any preceding claim
in which one or nore further electrode, reagent, insulation or adhesive

| ayers are printed on the substrate at a print station by screen printing
ink using flat screen printing. 8. A nmethod according to any preceding claim
in which 5 Atnethedegordingipiapy Preseding ¢lpigywherein thsmayable Sefissteanis al Iy f1 at

screen. 4%0%ab1éraaﬁmpaqﬁiﬁﬁggiﬁg&i&nosoaﬁaf ifaf GRAE Wth‘ﬂr%hﬁ&%ﬁflﬁgﬁlhﬁﬁl@ novabl e

flat screen Is novable're ve to a printing position so t it can nove
wi th or suwEbtodinthstrhteys thietvebt thayelswebr thé psutiyssitiane as t he web travel s over the
print position. 10. A nethod according to any preceding claimin which one
or nore electrodes are printed on the substrate at a first print stations

by screen 1pr Adtid Rt&ainit6 ahy YreEANEHUGAiVA wHidHKoriér Mbré bRErSdeE 8RN Pri nti ng;
a first insulation layer is printed on the substrate at a second print

st ation byrigted @amheyubsitateref alirsi prangisatipnsbyi sateen pringngf ¢legirietly sepdustivat i ng; a
first rea - i [t t.r at: j.r [ on by
cr oen pr e s B SirebPorRilnl 2P b BEaP b Bhfiefon e/sSoftfldWy astbatbon, 2

| ayer s ar eript staticacy sereeh ptintmgler indilatiof inketdingflaceeed prigtifgd a dirdirengd® i n whi ch
a second reagent. layer_ is printed on . the, K substrate at a fourth print
station by®§ Pé)éwt%rqnﬁb? Ppsiats a LypPring SHeR DY skcendiringng A Jrsteeagg¥nK pri nti ng

and furt h%@in\é’@ﬁf é%:irééntp'?i%_tihg%%%&%eﬂﬁf‘er@é&ﬁ%iﬁ@diirﬂthﬁhﬁhepr_der- 12. A nmethod
according to any preceding claimin which el ectrochem cal sensors each

conprising at |east one or nore electrodes screen printed using flat screen

printing, .ar rinted . in rows. .13. t hod ;according.to.claim12 in which
Phe ' ows. dier ity aingyo S di »Psagone FERETIRid e
substrate at a fourth print station by screen printing a second reagent ink using flat screen

printing and further wherein the layers are printed in that order.
12. A method according to any preceding claim in which electrochemical sensors each
comprising at least one or more electrodes screen printed using flat screen printing, are

printed in rows.

13. A method according to claim 12 in which the rows are substantially parallel to the

direction of travel of the web relative to an electrode print station.
14. A method according to claim 13 comprising a cutting station arranged to cut the web
into strips in the direction of travel of the web through an electrode print station, each

strip containing at least one row.

15. A method according to claim 14 in which the direction of travel of the web through

the cutting station is the same as that through an electrode print station.
16. A method according to any of claims 12 to 15 in which between 40 and 60 sensors
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direction of travel of the web relative to an electrode print station. 14. A
nmet hod according to claim 13 conprising a cutting station arranged to cut
the web into strips in the direction of travel of the web through an
el ectrode print station, each strip containing at |east one row 15. A
met hod according to claim 14 in which the direction of travel of the web
through the cutting station is the sane as that through an el ectrode print
station. 16. A nethod according to any of clainms 12 to 15 in which between
40 and 60 sensors 44 are printed in each row. 17. A nethod according to
clai m 16 iae piHitechinZechsioMsors are printed in each row. 18. A nethod according
to any of clains 12 to 17 in which between 8 and 12 or between 16 and 20
rows are provided. 19. A nmethod according to claim18 in which 10 or 18 rows
are provi dédA nZhodAacomtlingdo aloor dimghich Sargnhsprsecephinted ol eacmrdw whi ch t he
screen is at an angle to the web of substrate in the direction of printing
as the web of substrate |leaves a printing position. 21. A nethod according
to claim2Q M‘né@ﬁﬂ&{&c&ﬂ%gﬁ@%ﬁof SaifUb %o 17 % whichBEREh 8aR@1 8l b kktiveenc! @i m 21
in which the angle is between around 10 to 30 or 10 to 20. 23. A nethod
accor di ng b@nd Rairewae prowdedch t he angle is around 15. 24. A net hod
according to any preceding claimin which the web of substrate is flexible.
25. A nmethod according to any preceding claimin which the web of substrate
conpri ses 19pAlny&isddedccordthg téchiirh N8 dn ahivhridionys t@vsadry ppivideddi ng cl ai min which
the web of substrate is between around 310m and 400m thick. 27. A nethod
according to claim26 in which the web of substrate is around 350mt hi ck.
28. A net hgpd ' j 1 al iy L&h: finsubstrate
s betveen? 40 4RSS Ey HREGRM At fe WIeaMs L0 HRR: @l

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

position.
21. A method according to claim 20 in which the angle is acute.

22. A method according to claim 21 in which the angle is between around 10° to 30° or

10° to 20°.
23. A method according to claim 22 in which the angle is around 15°.
24. A method according to any preceding claim in which the web of substrate is flexible.

25. A method according to any preceding claim in which the web of substrate comprises

polyester.

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

around 310um and 400um thick.
27. A method according to claim 26 in which the web of substrate is around 350pum thick.
28. A method according to any preceding claim in which the web of substrate is between
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29. A nethod according to claim28 in which the web of substrate is around
370mm w de. 30. An apparatus for carrying out the nmethod of any preceding
claimconprising a web of a substrate for printing an el ectrochem cal

sensor thereon, one or nore print stations for printing one or nore

el ectrodes on the substrate at one or nore print stations by screen

printing electrically conductive ink using flat screen printing, wherein
flat screen printing is carried out using a novable flat screen. 31. An
appar at us asmangdome sdabomabwidd. which a first insulation layer is printed on
the substrate at a print station by screen printing an insulation ink using
flat screen printing. 32. An apparatus according to claim3 1 in which a
first rea%% e@l%%rac'cc?rdm 'tQE:E‘iﬂn 9% i Qfﬁ'ch?ﬁé%étf&sﬁ?&}ateqsfawuhﬁ%% i nt station
by screen printing a TSt reagent 'k using flat screen printing. 33. An
appar at us vddeording to any of clains 31 or 32 in which a second reagent

| ayer is printed on the substrate at one print station by screen printing a
second reagent ink using flat screen printing. 34. An apparatus according
to clai m 3p, A33pratdSfok Bartlh€ ButdhSREMBE of AHYrédelitig dANonipPisinBalwtib&d on the
substrate at one print stdtion by screen printing a second insulation ink
usi ng f| ata ssbsteatenfoppiintingriy. el@gochumiegd pensat thereaw,oe @F myre prirgIsttions3r i n whi ch
t he second_insulation in onpri Ses adhesive ink, 36.. A ratus
accordi ng ¥ '8{}%?/“‘30 d I%(erF}r%g&%(ggtog%}?Ssu?%ra\%%coﬁe he&°Gr r%rstém%smyﬁsg%%nel ect r ode,
reagent , grinfibg lbéteibalBrcoadi@ive itk Ustgelas s@téh finting ech@eintfaesaedagringhg at a
print 46 station by screen printing ink using flat screen printing. 37. An
apparatus1&@%UWHNH@“P6a&ﬁvmb@é@éﬂFﬁ@-cIain1in which flat screen printing is
carried out using a substantially flat screen. 38. An apparatus according
to any preceding claimwherein the novable flat screen is novable relative
to a pri nt3lngn ppsardtuoacceningdsin 30 imawhictoa Brswinshlatoen keydyss prmtedbh thewi t h t he

web of substrate as it weh travels over th ri.nt posj.tion. . .
suéstrate ata prm!1 sef\atlonbby screen printing an msu?at on in useng hat screen printing.

32. An apparatus according to claim 31 in which a first reagent layer is printed on the
substrate at a further print station by screen printing a first reagent ink using flat screen

printing.

33. An apparatus according to any of claims 31 or 32 in which a second reagent layer is
printed on the substrate at one print station by screen printing a second reagent ink using

flat screen printing.
34. An apparatus according to claim 31, 32 or 33 in which a second insulation layer is
printed on the substrate at one print station by screen printing a second insulation ink

using flat screen printing.

35. An apparatus according to claim 34 in which the second insulation ink comprises as

adhesive ink.

36. An apparatus according to any of claims 30 to 35 in which one or more further

electrode, reagent , insulation or adhesive layers are printed on the substrate at a print
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39. An apparatus according to any preceding claimin which one or nore

el ectrodes are printed on the substrate at a first print stations by screen
printing electrically conductive ink using flat screen printing; a first
insulation layer is printed on the substrate at second print station by
screen printing an insulation ink using flat screen printing; a first
reagent |ayer is printed on the substrate at a third print station by
screen printing a first reagent 1ink using flat screen printing; and the

| ayers are printed in that order 40. An apparatus according to claim39 in
whi ch a setdion by segemprintigdpk peing flatferegn printinge  substrate at a fourth print
station by screen printing a second reagent ink using flat screen printing
and further wherein the layers are printed in that order. 41. An apparatus
accor di ng 37 Aarpparatas ectionding toadnmpravedin chimlireehich dlhestrealprméng orearredc h
conprising at .l east, one or _nore el ectrodes screen printed using flat screen
printing, %PB““%?FHF&H“?@“ﬂ%ﬁ%@mhz. An apparatus according to claim4l in
which the rows are substantially parallel to the direction of travel of the
web relative to an electrode print station. 43. An apparatus according to

cl ai m 42 cHrpniapparatuaaeerdingtp ay #recening clagn gdgreinothe oveble flaigseanis o stri ps
in the dir | . V, ot ation,
each stri pﬁg%dr??eglﬁfr%lh}/l%{og&}& Fnetg%tp B%ﬁgﬁ\?(g%aﬂg%%ﬂo‘%&ﬁ%gﬁ%r%% Igtlsarl)lg@r/(’:%lrtg% ng to

cl ai m 43 i webnfi sabstiatecasdhe web travelodvet the\peint pdsitidne web  t hrough the cutting
station is the same as that through an el ectrode print station. 45. An
apparatus according to any of clains 42 to 44 in which between 40 and 60
SEeNsors  aie AapPArgfhs hfoP @R td AY-prétldinfRIafRRAVRICH InE 6L AL dittio@escdr@l M 45 i n
whi ch 50 sensors are printed in"each row. 47. An apparatus according to any
of cl ai ms print¢doondtBe substrhtie @ha Biest prietrstaBioanby sc2eenrprinbing wleetnically condu@er ows are
provi ded. 48. .A pet hod accor di to claimA47.in which, 10, 0or 18 rows, are

bt ovi ded. 6 i B DR BEEOLE R TG s Dol ruind A oRVRH " e
screen i s @intatieney sréed prinkiag we hsolhtisiidg usiag €ai Rrdefridting Gl firsregdenpr i nti ng

as the web of substrate leaves a printing .position. | .
layer is printed on the substrate at a third print sStation by screen printing a first reagent

ink using flat screen printing; and the layers are printed in that order

40. An apparatus according to claim 39 in which a second reagent layer is printed on the
substrate at a fourth print station by screen printing a second reagent ink using flat screen

printing and further wherein the layers are printed in that order.

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

printed in rows.

42. An apparatus according to claim 41 in which the rows are substantially parallel to the

direction of travel of the web relative to an electrode print station.
43. An apparatus according to claim 42 comprising a cutting station arranged to cut the

web into strips in the direction of travel of the web through an electrode print station,

each strip containing at least one row.
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50. An apparatus according to claim49 in which the angle is acute. 51. An
apparatus according to claim50 in which the angle is between around 100 to
30 or 10 to 20. 52. An apparatus according to claim51 in which the angle
is around 15. 53. An apparatus according to any preceding clains in which
the web of substrate is flexible. 54. An apparatus according to any
preceding claimin which the web of substrate conprises polyester. 55. An
apparatus according to any preceding claimin which the web of substrate is

48 bet weeny2nauppardhd B BRENGHIUMTINt 43 i Kvhidhihe ARechiBRAF BhWS oRERWBI Ng to claim
54 in which the web of substrate is around 350m thick. 57. An apparatus

accor di ng theoughhesudinggiatign d the pamamasihatéhrongheanglectipte pripkssiatione i s bet ween
around 350nm and 390mm wi de. 58. An apparatus according to claim57 in which
the web of substrate is around 370mm w de. 59. An el ectrochem cal sensor
made by a 4fehagpaameactording @ ay\f ofaintd 48 to8t4in whichSetvaden 48and b8 censoshem cal

sensor nmade by an, apparatus according to any of clains 30 to 58. 49
are printed in each row.

46. An apparatus according to claim 45 in which 50 sensors are printed in each row.

47. An apparatus according to any of claims 41 to 46 in which between 8 and 12 or

between 16 and 20 rows are provided.

48. A method according to claim 47 in which 10 or 18 rows are provided.

49. An apparatus according to any preceding claim in which the screen is at an angle to
the web of substrate in the direction of printing as the web of substrate leaves a printing
position.

50. An apparatus according to claim 49 in which the angle is acute.

51. An apparatus according to claim 50 in which the angle is between around 10° to 30°

or 10° to 20°.
52. An apparatus according to claim 51 in which the angle is around 15°.

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

54. An apparatus according to any preceding claim in which the web of substrate

comprises polyester.

55. An apparatus according to any preceding claim in which the web of substrate is

48



between around 310pm and 400um thick.

56. An apparatus according to claim 54 in which the web of substrate is around 350pm
thick.

57. An apparatus according to any preceding claim in which the web of substrate is

between around 350mm and 390mm wide.

58. An apparatus according to claim 57 in which the web of substrate is around 370mm

wide.

59. An electrochemical sensor made by a method according to any of claims 1 to 29.

60. An electrochemical sensor made by an apparatus according to any of claims 30 to 58.

49





