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present invention relates, in general, to a process
for manufacturing electrochem cal sensors in a
process including a continuous web and, nore
particularly, to a web nmanufacturing process
utilizing cooling stations within the web process.
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uracy and arrangenents of such layers is critical
to the ultimate function of the device. Further, in
order to hold down costs and neet demand, it is
I nperative that the el ectrochem cal sensors be
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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,

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



el ectrodes, the reagent used and other factors. Mny
of these applications, and in particular strips for
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manufacture is done within particular tolerances to
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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
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resultant reduction in electrochemical sensor quality, consistency and reliability.

Rotogravure printing with carbon inks (which typically have a high solid content and can
be quite viscous) for producing carbon electrodes is especially difficult as the solid/liquid
phases in the ink can separate resulting in incomplete or uneven filling or emptying of the
engraving from print to print. This can result in uneven print thicknesses and degradation
of carbon electrode quality and consistency. Cylinder screen printing is well suited to
single feed arrangements (as opposed to continuous web arrangements). Furthermore, the

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



single feed arrangenents (as opposed to conti nuous web
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printing) with 50 sensor strips per row. Strips 1 to 50 in each row are each parallel to the
direction of printing. Each sheet may be manipulated by hand between each stage. In
particular following the four print steps (for printing carbon ink, insulation ink and two
layers of enzyme ink) each sheet may be manipulated by hand into a cutting machine so
that the cutting may be done along the rows separating one row of sensor strips from
another. Next each row may be manipulated so as to be cut into 50 separate strips. These

manipulation steps are time consuming and inefficient.



particular followi ng the four print steps (for
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a cutting machine so that the cutting may be done
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In one embodiment of the present invention a method of manufacturing an
electrochemical sensor including a substrate, and at least two layers to be printed on the
substrate, the method including the steps of transporting a continuous web of the substrate
through first and second print stations wherein at least the first print station includes a
drying station. A cooling station being positioned between the drying station and the
second print station. Printing a first layer on the substrate as it is through the first print
station, drying the layer on the substrate in the drying station and cooling the printed
substrate in the cooling station before printing a second layer on the substrate as it is

transported through the second print station. In one embodiment of the invention, the first



substrate, the nethod including the steps of
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station. A cooling station being positioned between
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the present invention, the cooling device includes a
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In one embodiment of the present invention, the cooling device includes a roller

over which the substrate is passed. The roller may be supplied with chilled water wherin
the flow rate and/or temperature of the chilled water may be controllable so as to control

the temperature of the roller and, therefore, the temperature of the substrate passing over

the chilled roller.

In one embodiment of the present invention, a final print station is followed by
a final drying station and, the final drying station is followed by a final cooling station. In

a further embodiment of the present invention a first print station prints electrically



over which the substrate is passed. The roller may be

supplied with chilled water wherin the flow rate
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controllable so as to control the tenperature of the

roller and, therefore, the tenperature of the

substrate passing over the chilled roller. In one

enbodi ment of the present invention, a final print

station is followed by a final drying station and,

the final drying station is followed by a fina
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conductive ink; a second print station prints

insulation ink, a third station prints reagent i nk.
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the appended clainms. A better understanding of the

features and advantages. of the present invention WitLle
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web printing process. Figure 3 is a schematic di agram

depi cting a humd environment around a fifth an{i sixth . .
Figurst2Aoiss sshemafic diegragrdentciing 2 firstgod gecpngd sechiopy,pt hgweb printing

view depicting a humd environnment around a fifth and
PIgPPh sections of the web printing.

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 5 is a perspective view of a pipe with
perforations. Figure 6 is a schematic di agram
walepiotiony a fl ood cycle 7 WD 2004/ 040005 PCT/GB2003/004652
PCT/ GB2003/ 004652 Figure 7 is a schematic di agram
depicting a print cycle Figure 8 is a schematic
diagram depicting 2 different squeegee angles. Figure
9 is a schematic diagram depicting 2 different
squeegee positions. Figure 10 is a schematic di agram
depicting a screen snap distance. Figure 11 is an
expl oded view of a preconditioning zone (211). Figure
12 is an exploded view of the first drying zone (217).
-Fl. gyr: LS -%?%& ; 'éﬁﬂhgk desecond drying zone
Iﬁ55g2f§a$§FgﬁPgai |sg§%gg¥%lodedyviem10f athird
drying zone (230). Figure 15 is an expl oded view of a

fourth drying zone (236).. Iy QLT [ pl oded
Figtg iof Scftemalie lﬂﬁéﬁmét%{?&fﬁi%&eﬁgﬁ%r A 17D

are views of an insulation |ayer to carbon |layer with

proper registration. Figures 18A-18D are views of an
Figere 9liae schematipaliagram dapibiéng 3 differenhsqueessinaspions.

regi stration when the artwork resulting fromthe
screen 301 is stretched. Figures 19A-19D are views of
Figdirei 1098th 8dtichtatic djeppar defsiatitponsdrespenapvlistancarpr oper

regi stration when the art work from screen 301 has not
stretched. 8 WD 2004/ 040005 PCT/ GB2003/ 004652 Fi gures
20A- JEBY | i hsd (20@).t he print
Fé%%ﬁﬁggh?ggﬂggeratopga?gggg??g??gﬁbofdtﬁ% web using a
first view guide for visual inspection during an

initial reqistratio rocess.. Figu 1A is an
Figlueldi 18 a £X 03%{1%18\” Ogﬂ%eﬁsﬁwggog? {zgt’] ‘and second web

vi ew gui des; first, second, third and fourth Y

regi stration marks; and X registrati on marks. Figure
Figtred 3 is amexplegedodew of rsopond deyiag zoe @2thi n a sensor

sheet with a carbon X registration mark.

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

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

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

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

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.



Figure 21 Cis an exploded view of one rowwthin a

sensor sheet with an insulation X registration mark
wW@@r/0¢063 i Ng a carbon X registration nmark. FiBUF/6B2®3/004652

is a schematic diagram of paraneters X, Y, and 0 used

to register the web printing process. DETAILED

DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS OF THE

I NVENTION Figure 1 is a schematic diagram depicting 8

sections of the web printing process according to the

present invention Section 1 is an unwi nder unit 101.

rigiie 20 g SphneacCPaientn o dEbEprfreatlporfsludt

rdgikelié bOMe v&%'u@fngsat st ﬂ@wé@fhe oL Gk hspedtfondluking $h initial
enzyme print station 105 ction 6 is a second

registphien process. st ati on 106. Section 7 is a rewi nder unit
107. Section 8 is a punch 108. It wll be understood
by those skilled in the art that while the foll ow ng

FRRSCT 11 Dexhiphd & defisorahéut Oﬁmssﬁﬁ%daﬁ&arda\treh?wew guides; first,
concerni ng these_ 8 sections, the process, and apparatus
sesong.fiaird pad, fowrthonregigiratjien m?ﬁ@d iTRSiSfFationaRatky- f ewer
nunbers of sections. For exanple while 4 print

stations are envisaged in this enbodi nent, one or nore
Fiuiré12 1 B isaini explrded slesv diftonesed witkiin hsensodgpat withg chrbomX

t he scope of the invention. In one enbodi ment there
regigral On%aﬂ?num of two print stations for printing an

el ectrode | ayer and a reagent l|layer. 9 WO 2004/ 040005
PCT/ GB2003/ 004652 I n one enbodi ment of the present
FigwetC tran Splodedriew nmnekrewwﬂﬂm Arsenserishege Wil ag insulation X

subst.rate nateri L unw 1 as, for
r%%%%iﬁﬁ}f”émaék R eoftng e X Robistitbn g Sice which is
avai l able from Martin Automatic Inc i n Rockford, IL
In this enbodinent of the invention, Sections 2, 3,
F5guamaz ,2 sehgmiéc dingleanefmosameters fad > andrBased f@dfegsa‘i?ﬁﬁwnveb

ént er, which is avail able from Werner Kanmann

W]ﬁg‘? 20ri k Grbh, nodel number 4.61.35, in Bil nde,
Ger rrany In this enbodi ment of the inventi on, Section

2 e-conditioning unit 102. Pr |t|on|
G o DB D PR R b S s A Tl SO vER s THE

prior to printing and SecWﬁﬁOﬁ' 5 and 6 rmy be
used to screen print carbon, insulation, first enzyne
and seckigdredniz preehémmdic diagramalepicting 8 sections of the web printing process

according to the present invention. Section 1 is an unwinder unit 101. Section 2 is a pre-
conditioning station 102. Section 3 is a carbon print station 103. Section 4 is an insulation
print station 104. Section 5 is a first enzyme print station 105. Section 6 is a second
enzyme print station 106. Section 7 is a rewinder unit 107. Section 8 is a punch 108. It
will be understood by those skilled in the art that while the following description relates to
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.



substrate 242. Section 7 may include rewi nder unit 107

such as, for exanple, a Martin Rew nder, which is
w@r@ithabhe from Martin Automatic Inc. in RockfpPeOGBR103/004652

Section 8 may include a punch 108 such as, for

exanpl e, a Preco punch which is available from Preco

Press, in Lenexa, Kansas as nodel nunber 2024-P-40T

XYT CCD CE. Wiile specific nodels of apparatus are

nmenti oned, these pieces of apparatus may be varied

and/ or replaced and/or omtted altogether mﬁthout

departln fro .he scope of the ipve

ndor s tbgee yodiBeaC R pier ANeRESERech f fnyBesmpliGented

ﬁ;’i%a &%s&a@ n%&?dﬁhwmdjﬁrﬁﬂﬂﬁ%ch bd, Yoit &xabiph) atVigrtipat h- of
strate 242 as it passes through Sections 1-8

meqgr/mmaglcrﬁpbe@m%e evailahly from Mastip Assematic Inc. 1];1 Rockford,
IInH%“JtFﬂI rt])og n? oF th% \¢ %hgﬁ rgeﬁﬁén tf‘% J;néfﬁﬂf %Qﬁa)y M‘iﬁllplemented

udind Qfﬂoaiﬁeﬁﬁ{zﬁﬁiﬁamﬁﬂﬁntbh Iwliehis (aﬁéllaBTeSR&)l WMBﬁKa]‘r&ann
manuf act ur ed_ by DuPont Telj'lln Films. Substrate 242 i

Magipnqterik Gy mpiel rmybg i 30, IdHIgE G, 1ndfis embodiment
o angmeﬁuon, @Q%‘%dgx?ni %n%yl%gg) &%&ﬁ:ﬁé‘hﬁkl@’ ﬁZ%H&Mleﬁg unit 102

appr ox. gth These” di nensi ons of
mizafpibe kseists pasvinditioh isulbsinate 2A2epior daipainting dnd spebicns Syt dnd 6 may

suitable for.the rod ctio f elec chenj cal .
b B3 s itk LR B ROkt S B GO St gsrto o
subdtrte292. BREAUSE Rl ihélBdE RUMAILUBIRY 0F @&chtdﬁefoﬁﬁkﬁh%@' a Martin
to be robust for ;ﬁntl ng yet mani pul abl e throug

Rawpalleat“dnclm dvalabiafreindvianin Awtematic caindtoakbud: B-- aSectlon 8 may

ulr‘rltﬁ'gr%ilggf ’F@“%uc%%? dor %{e nil%q Sat Pr%%)éﬂﬁl%ﬁ%h&h & a ﬁa?aﬁ)?éc' ffom Preco

PE%&S, T Lenexa gk hidgs asipplelafniter m«m—mmmcmﬁ@m £ B. OWhile specific
i mprove i nk adhesi on. Pol yest er |s a preferred

models of apparaecae senfipnerh K piesex ofpRuPRIIIAY beyvaried and/or
eg)!la%\é@&?tgog &‘H&g& %H%e@ﬁer%ﬂlotu? @eZdaPcﬂr% frovh Qhéjébbbg Sf tth@ EnviRfon as

rocess accordi ng he present i1"hvention.

wilb by esdesstoahioly thoskeddllddeinitheartare the 10 WO 2004/ 040005
PCT/ GB2003/ 004652 preferred materials in one

enbodi nent of the invention, the use of other

mat er i gligueAPALER afdPC3RY ﬁfﬁe&m& Hi@ Kllhétﬁﬁng '&161531% of substrate

art fromthe descrlptlon provi d erei | ndeed

243ra9ig passes(ﬁarmxghtmpm 1-§ af b atch @ngtlnglpmv%raacmrdmg to the present
. thick
veI {i:(ﬁln V\Qnghg g?* ﬁlgq}év f’?l? ot%g %%\gfaglgs%?q‘o% s%bgt?zﬁg Sk may be

a @b@éusﬁ m@tﬁnﬂf(uﬁ@élﬁ:ﬁﬁé Mfligle2 ®/STI2R),i valich ts mamtfsatmﬂ by DuPont
t hickness in sone_circunstances aldln

Tﬁﬂ]@&jm tSu@ﬁmﬁﬁ 2423s qugghgq namle a:@tqq@b Wthh may be, for example,
nominally 350 microns thick by 370mm wide and approx. 660m in length. These

dimensions of thickness and width have been found to be particularly suitable for the
production of electrochemical sensors by flat screen printing on a web of substrate. This is
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

10



printing. In a preferred enbodi mrent of the present

i nvention, prior to entering carbon print station
wWaB4/0800bSt rate 242 is exposed to a heat stabi PCTaBR@R/004652

process, by heating the substrate up to 185 C wi thout

placing it under significant tension to try and ensure

that substrate 242 experiences m ni num di nensi ona

di stortion during the web printing process where

tenperatures of between 140 and 160C at tensions up to

165 N maybe encountered. Typically the tension used

et gpierle eTR WO RRARS he 1vChIiE: BiSaHe PEOE BAGEALS dan be
preterr ex1fe Irheiyp @pRoo , >

despi,te this, . id.d ' - Liat Tened, t
B e e
thef thifigsC i0fs man eBS LW S
o.step Sas been introduced i.mgdi.at el rior. to e
widihiondengh otferineiaditiopal GRBFIR foe (o IPRCRgR o5 porsprs opfg variation in
mqgérﬁl? ﬂﬁ%ﬁgﬁﬁisﬂ&e%ﬁ%&néﬁﬁé&iaﬁﬁné—ihetﬂi‘&:oﬁﬂf@iﬁhfng} & tegistration during

eate to a tenperature é]typi cally 160 C) greater

pribting) alinya rirefieped embodiment ef e presentsnvaRtioRPricRdo entgiing carbon

priblabonafte’ riEpe g A PoRvELE | B PR ol py heating the

sulb¥A S HESBPC Stholdplhbing itidepsighificanitagiontte iy dnddesde that
In thi's enbodi ment, the__ conbination of

sulpptraboitdi expominges mRmsnhdinegsiopatistorionidyrng e wrharintipg process
reduced th [ati ' bl i ti

S R P AP U gy e aag o

enEstdtAET{picdlytthe tensiva nisédhas beoh finiofal, gusise suffieieptip drive the

are spliced together in either, unwnder . upit 10 £ ..
quetm%x%b ithe heater. . gg,ﬁ@hgs&qeg ifw%ﬁh%&%gm@#ﬂg&eatf siq,b?hzahon
pn?@né 3 aticﬁ%%rk/e%}x‘aﬁbﬁ‘ gof @‘I'mt sRpak Kﬁﬁpﬁép daRfechf Q¥iking sensor

ape G oup. gure 2A is a schematic o
faitliragTlauy glprcotditienisgstep bas tecarintredised bamedigielysprgstio printing. As

printin rocess, accardi ng to.one ' £ .
wil e ssnlrhe e i gt SR BRI (ot i heated
to A PEBfurd (M Picali 600 Vered s thihi dny 1€dpdratateid escolintess during the

arbor 200, second arbor 201, first splice unit 20%, .
latgnprriftingstepsclonme pagferred embodiment figsubshiate 1§ alsp kgpf widpgtension

L. e+.condi.tion . : . = i+t.ioni . h

iy 7 oS Pk A filoddiftiontbEsEP TS A B enbodient, the
co&piﬁlaiﬁﬁnllufipfegglgﬁtimﬂhg nd p}micing!dnyieﬁ tension léaés@gb},ﬂyi md;wrl ;ﬁhe

nip roller 6, secongd, cl ean upi t ., l.oad .ce
vapighony inpsint FegisHetion rpeed hf resplip iP&%J“FBYIF@? B rge
e@%{g}}x&%{é%)g '};l%r i g%%lg)ﬁ%llg bt subs@rlte\gaz%gﬁgéﬂlféé@ fdather in either unwinder

I'n the enbodi ment ‘of the invention
uriit 10isérrawider wnif] Gfesingsplicingtaprisnch anifor @gmple, PS-1 Splicing Flat-

back Paper Tape from Intertape Polymer Group.

Figure 2A is a schematic diagram depicting section 1 and section 2 of a web
printing process according to one embodiment of the present invention. In Figure 24,
section 1 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.
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consists of, for exanple, a Martin Unw nder/Automatic

Splice which is used to facilitate the continuous
wOorpae/ends of substrate 242 into pre-conditi oni POI/GB2003/004652

station 102 under a tension of approximately 80N

Unwi nder unit 101 may include a first unwi nd arbor 200

and a second unwi nd arbor 201. Note that an arbor can

also be referred to as a mandrel. First unw nd arbor

200 holds a roll of substrate material 242 and

conti nuously feeds substrate 242 into

pre-conditioning station 102 of section 2. Second

unwi nd arbor 201 holds a standby roll of substrate -

242, woigh 1808 ' i1 i fyitd¥@ unit 101

ol | ot 8 rBeMAAT BERNCHIGPILERRCA M Halto e Stk un
comistsibf, g exagmid, addatih ilrdsdes(fugbyatié Splideswhigh & usedio facilitate

Thi s, conti nuous ocess repeats from.first unw
theQRYPIGERTPYETRSR Bh DS 42 2B SFe-COMIOTTE SN Q?émdef 2
teﬁﬂnq{fggkyrc&ﬁﬁ SN rURR R dSE @i 50 BmBy fidRafirsechwind gibor 200

of su

rate 242 and di spenses the stored substrate
an@ 4 2ecamdamried abnri2l. MNote dhat en arhes cawalse be seferredig 2 a mandrel.

While o . i _ _

T ey

subkiit U Bk Opre LA ditivAing 00 10D Of Bettian R0 1Se2dihll varvend arbor 201
stati onar

. The splice created is a hutt._. li.ce w
b eskgny P11 SFREERE 242 RO T MeomaToaly SPlceio ot offhe oll of

su gtrattgf4 . R{)x&ti}rstll %ﬁ% ?fbgf- 200 gx}}'ﬁﬁﬁ aQERl-béfinuous supply of substrate

pproxi ma rint suBstrate maybe '
24d| 'shig lcdathuoiul pricessi rejgeatsf frorh dirstamiwindarbbi 260 toisaewnddmwind arbor

arbor_ 200 and second unw rbor 2Q1 include
204 dééubma@%@ateﬁ%gqccg V¥ Q&%is eﬁ'ﬁprae etgxlalalgﬁ!f ga{%tb%ubsuate 242
mggfé%{cé%f% $he sthlel GEosAie242Q8t0 ptBRoMEROSIAE Stafibh U6B ofdettion 2 while

to prevent substrate 242 from wander | ngilnfs it
thé spliséagioperattbni takes placedn figgh splics unit 202Aderingryhich Aimabathy the first

' the | ti.on_i )
550 2 BT BB o L B8
splBewithHengdth bf §1R8 @afp@rdnrﬁithﬁi dtlé ofthe et hiettie fainta In order to

conti nuous supply .o

ink, the nunber of rqlls to he .
engg@dlupgtyn@prg@ e?lylgm&f@gp’@ﬁ]supm@ey be gparflﬂgela‘% side of the
y 8 .

o PR S04 S oo A Bl i
(nbtghomt mhichnguide pibstaate 242 intd fide epliccnitil(iZh dheofebredige guides are

0 he used  deternines the amount of jink pl.ace n. i.he .
adspiedan PP subgTals 4% o WHnACHRe A 3.’159"%%%8&%“9%#% FpliC€unit 202
exanple for a 6 roll run, 6 (or rather just nore than
6) rolls worth of enzyne ink are placed on the screen
prior tRypidally ¢heanachisfe fitherinventiomissaicyp tofpreduise befeen 2 and 10

d 6. T ' d '
NS TS T T —
cofinto e sﬁ@ﬁﬁri STt thePiinibdr g ralfs t6 bz yis®d i8\net usubity wipcdbéem. However,
e

life of t rint run. A wall has been pl aced about
for e two enzyme I%rin’c stations, to which a limited amounP of ink 95 suppfiled, 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
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12 WO 2004/ 040005 PCT/ GB2003/ 004652 screen in the

enzynme print stations to ensure that a sufficient
w@ewani00ed enzynme ink can be added to the scrBP€RNGB2003/004652

wi thout requiring the screen to be topped up during a

run and al so reducing the risk of the enzynme ink

overflow ng the screen and onto the web substrate

running belowit.) In one enbodi ment of the present

i nvention, substrate 242 is held under a tension of

approxi mately 165N throughout the process in order to

t trat f th {o
SCETaETIp A6 CEGPPC BT ALRBS [ S B A AR PO DS przgmegin can
bosdi® to Meescreceﬂ %¥H0ﬁ¥ ﬁg&lﬁ%g e R&H 18 %Qlt@lﬁieﬁ letdﬁnﬁgﬁ n&i&nd also

t enper at ures of l'éss in order to dry t
redncing ek tiskkef thel cmzyglesak hvgflowirigthe serepn amlento dletWﬁtssubstrate
t ensi og ar}g tenperature, there may be a tendency for
%1942 to stretch or expand during the process
and consequently fall outside the registration
tol erance. Indeed the inmage size variation from print

stage tls opeiembodisieayef taargseatinvention YIbpItaP4R @ﬂleggunder a
te\ﬁ'?lah ﬁ%}é}# &#‘Zﬂquggﬂj {’tlétﬂ%%l{olﬁ@ ]:i rp'i'?!:e%s ) dt g rr@%gtﬁ%ﬂ%éﬁtraﬁon of

tieffotlaydrd vebé piiiited (typisilladhe printiropispdfien leraseeds BOOun). The

is a pre- conditioning station 102. Pre-conditioning
Std@traﬁe%g df elpe sehigctedingarips tsmpsrairept KO Geor less in order to dry the

PR oS BB, ) B O B SR v b

t@lﬁéﬁdydbﬁ subistrite@42ed stpstdcassxpambldaimptht praviess a:nkie:onsequently fall
i stratjon of ubst(r)ﬁl 42 t hrqugh secti_ons 3-
opteidle hreseetsGationtoderatce e {5 S THE gD 595wt atage to print

strag it r6n to #ﬂt‘%{i‘n hSwBPhs RNRRAHE gnhﬁuhl?ﬁeﬁ Was eApeMikiable and
| nt st e D

psS. Ically this takes place under tension

hqﬁeb&mm@eddbemﬂamﬁﬂ18ON nmore typically around 165N

However, in another enbodi ment pre-conditioning

station 102 can heat substrate 242 to a tenperature

suf fi cimnthe edBodiBIERYE thOBrvehti@ViBluSk AERinHiERle DA, ké®idh 2 is a pre-
substrate 242, again optionally while under tension
cenflienieg F‘B’é@p 19 Rre-copdifpring P6ERTF Refere &7y inge is printed onto the

r

sRERR, SWPpchO3aE AR RoRalE Ml e ARRPb! Ehftidh and stretch
\mﬂh[tuwbseqw:dt seotiomy of thietveh processfind atse td did the registyation nﬁsilbstrate

f th
22%? ?}%&1@{ qr%nggqes& -aﬁl?rgil:prrrl?l{]t}on?ng sttatleonpcrag %Qtt sul Qt\r/a%g 5&2 to'a temperature

which is not exceeded in the subsequent print steps. Typically this takes place under

tension of between 150 and 180N more typically around 165N. However, in another
embodiment pre-conditioning station 102 can heat substrate 242 to a temperature sufficient
to remove the irreversible stretch from substrate 242, again optionally while under tension

as described 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
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substrate 242 is heated in pre-conditioning station
102 is not nmet or exceeded during subsequent
w@e@mses®iIng of substrate 242, includi ng subsegeerncGB2003/004652
dryi ng steps. Subsequent 13 WO 2004/ 040005
PCT/ GB2003/ 004652 print processes may conpensate for
the slightly larger imge due to stretching caused by
the process of pre-conditioning station 102 by the
provision of a slightly larger stencil screen size
(typically 750min the direction of travel of the
web). The provision of new, screens.can pe .
prisk DISKcesHE MeX pompEale 19k ha Shel Puatsr ins 4 B & grgjghing caused by
' £ itk AREIHHE A er stencil
th%@h‘:gstg ioghrel g&llaggrgr%ﬂgs?tiﬁeﬁv} dtzh%g ut %QP epl aci ng tlfhggﬁg éa}rg en,
scfiodf Riza §typleelly @b@irh wethesiieetiorodf ttdvel siithe miebh e phevisiehof new

sctermcan ok AP B TR COR (OIS BbC T gt S4ch Biint station
togga{n%g&age Engrflﬁfoiqh Smﬁge Q5 EGRRSE teRLid S e SHREA, [satIEas thE relative
escri be uctn I

erein re g the overall Tmage size _ ]
spetibofthe scragrandetie wichg Netverthedass,ahérens 4 hmitdaitie ameuys of image size

si ze increase. I n one odj,ment of th resent ...
v TRG o 5 e RBRNE i oy T gne 109! S SR Bhilpn e ubstrate
astSiritie@ MidteirPteAUBIAL $he MerAinfags £i06 MckétRE hihdRncing ket variation in
facilitate proper operation of a web manufacturing
sajt ineags sizgdeweaseng to the present invention. In
pre-conditioning unit 102, there are two web cl eaning
units, a first cleaning unit 204 and a second cl eani ng
unit 20 éndBinbédifleaper thd prebanp irvedtion) ges-eomitiafing station 102 also

_substrate 242. First c|eaning_unjt 204, qd.fecond 1on of
ingludesaddfianal elements, hich aeﬁ%ﬁﬁég?%‘”@fgt aciutals prape opgration o

J 0 . . I r ¥ 3 .
» LR BEL gy EIR kc SAA 0 ot Syt i
162y dropd are two oebanbenningoonityps fistelbaningwiit 204 and 2 savppbpleaning unit

o RS ST SRS b IR B A g and soond

clRarth EARELOTHETRAS] Ahblvadcatddabliers té fepBvEglsfiRialates from substrate
Pre-tonditioning station 102 further includes inbound

247 priordd kay paadgsieD. aFirst slegnios ppit 204 may hsotps gxample, a cleaner
roller 206 Ls. used e ' r at

ol Sl I RE 1R REh CRian S B AeE I RSP R & Grasgow,

Unftkd Efngdofh. Sedomiiélbatinglumit P07, Gbrl exnmpRB ) cleahertrommakreiblby available

from ook BrercopduionBmsAtRar 103 B RS SRRV B TS DEoARg and 2
BT80Sl o a2
(specifitaily the tansionrbetwdenénticamnd ngrrodier 206 and outbound nip roller 238).
Inbound nip roller 206 is linked via a control system (not shown) to load cell 208.
Substrate 242 is removed from second enzyme print station 106 in section 6 at a constant
rate by outbound nip roller 238. Load cell 208 in 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 2 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 approximatelyl65N.
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substrate 242 when it is noving through the web

process according to the present invention. |Inbound
woe@4oalober 206 adjusts its speed in order to PORGBRI03/004652

the tension at a predeterm ned set point. A typica

substrate tension in a web manufacturing process

according to the present invention would be

approxi mately 150N to 180N and nore specifically 160N

to 170N, in this enbodinment the tension is

approxi matel yl 65N. 14 WO 2004/040005

PCT/ GB2003/ 04652 Fi £ sch j agra .
depi ct FiggredR Isi aithgna ceé.lla (iepéﬁii&g§8% @P%am\%sgctmn 5of
\Péﬂ gﬁﬂtﬂg éﬁé&s@&%oﬁﬁ?g{o%e BrdséhtlifkenRbR SR gind\HB) sb@on 3 is

2B, section 3 is carbon print station 103.
cafhtanmnt staqmn 3. rﬂpqrao ptinting @oleapineaiysten i installef dgyvailable from

MESH S Sels SRR a4 R R Dok e hifusing o

va¥aGH YAd BAGh Bysesh, (BY Sdpitust £l Vaepurh stasibn asﬁ amabmltm brush and
station 251 and bottom brush and vacuum station 250

vagwem gtatige 25Q are ofisetdn ong apothen dhe tp ipshsandymguyg statign 250,
co?l%a%{ tﬁ@s‘ﬁé‘? gﬁfr?xg ilﬂejgltl\gﬁtan Shified 1% 1eF3Ed %ﬂ%ﬁc‘:&ﬁnﬂﬂé‘[&r 213 and

he C accunu at or and 1Is
is tieecl 6destae sdssiblegmeist grloe tg carbon puintorg. T[‘he uaddpside prush andigacuum

The underside, brysh and v m _St n, 251, ntacts ... .
sttige 23] ETIREAF BB A S AOHAe SUBCARAS B I conditioning
ur%tgg) i' n(fgdlﬂa(glgtqﬂt 5QRbR903 Hﬂ:‘lﬁdeg- ﬁgst hAED E31R 01 Nisesd it dcefimulator

first chil roller 212, second
218¢ secondl ptiatrroll@ 3 4, Sest mwnmentmr 21 %) seeqndzdm e rp{lersA16, first drier zone

si,on s 2 cond dri.ve. roll 216
214 SRRy BT 8200 i Bl h g n e
218 rSeabin R tinsefatio @rinbytendn 004, | nbdlsiondird siatiofril g4 irlud@Bthird
section 4 is insulation print station 104. | nsul ati on
chifl¢dwollen 240, Bird rogupplatoy 429, thisg peint rofler 123 Socong isigmsgnsor 222,

ﬁllspYrrg ?t?ﬁ%%&ﬁélggn&%go ?h%sﬁfohﬁgﬁkohﬁﬁrdr%%}oﬂé?@@ RHd second

Vi SiT6R° Senso egi stration system
disdicon) 224, IpndSgire OB, &3%dn Stihfirst ewhymeeprind slation 203 Binst enzyme

second rle re.2B sectio j .
P eGoB A iRy Bt S yator P purth print
robleAS3 70 'ﬂmjcpémbﬁ énddend, @é{fohﬁ chk'gishﬁﬁ’oﬂ st a2 25'7 B tlﬁiﬂ khdwn),
accunul at or 226, fourth print rol 227,
fourthidoive sales 329 arBthirdelsiendone 238y stratl on system at
237B (not shown), fourth drive roller 229 and third
drier zone 230. In a process according to the present

I nvent i1RA precest dcesrdtgdb thdSrev@i invieRinoH, 36dtioni3ngs the W@BS S
mlmilpﬁ\{a\@tgégg gr%rcgsg Ts vefilérgtclarrg)%ntp%lr(lglslg alkgsc ;?lacef)c O(f: gcyurrgee as wﬂl be
appreciated by those skilled in the art, the number and type of printing processes can be
varied without departing from the invention in its broadest context. For example, two
carbon prints may be provided or one or more prints with carbon with 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-
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appreci ated by those skilled in the art, the nunber

and type of printing processes can be varied w thout
waelepantiony fromthe invention in its broadest PORNGBG03/004652

For exanple, two carbon prints may be provi ded or one

or nore prints with carbon with netallic particles,

silver/silver chloride ink or gold or palladi um based

i nks may be used to provide an electrode |ayer in the

el ectrochem cal sensors. The insulation and reagent

| ayers may also be varied in their conposition, order

of deposition, thickness of deposition _and.layout,.as..
pripjng. ﬁ@ bagic seRRnCH o Hest %@%ﬂﬁ&ﬁ%ﬁwna B?f‘ﬁ’dbﬂy@%"l 1P§dgmes 6

' | i i t#dn ihdludes a
and g B R L e R o
scre@n30r, Soweramint adlen? @3 print mllen 603 rdlpodibladettdd, psqucegne holder

invention may be printed utilizjng screen WO .
605 Gk carOEes 4067 TeREbOS PBtAIeT 19T RERTEEHARD if Sdeond print roller
21%0RBREE B BisQff ghitPal A R QDnRicbn ShdtypRiall} 08mprices a mesh arranged
illustrated in Figures 6 and 7. In particular, a

to provideld megptivenf the antwerk desizest oCargon tnktip applied $@ fhe mesh and pushed

[ ti i nclud '
o e bRGHICIS o885 R K UG B b oot
flab .%a?,_e by tBOFcightbfahsmletger espiallyrnealobibn eprymé print steps in

station 103, print_roller 600 is second int roller
wiighaall eftheank tatbe wed dmingathe ealieyrinf 50 it BRI depqsgRd G dhe screen

| i the
A R S s e s i AT
mésh stdneilnesh 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

especi gl %ﬂo&d HR1d Rocdsh 8 SRBYIRcP Wit kheSPrefRat inventidh, 6dteen 301 is
all of the inK to be used durlng the entire print

run
chagged swithl ink 664 pp gioving sgnedgee 68er blage G0Rcpréntapiler §O0, and lower

the bri I and. t r
prist o0 B TP ioBUDR AT leohbRiB i W RBOE iy of substrate
20y WcfecR B0 @SMovad inceand Aneetind 60V dppesipy tefasitdirection 608 of

i nvention, screen 301 is Hﬁ(&ar ged wi t(P i nk 604 (ﬁy
suhsiate g i desgiieodauyele whesw ki Mde clesged gty AiresbiQler

600, and lower print roller 303, in first direction

608 which corresponds to the web novenent of substrate

242. St eeubsdibnt printwyeld procesemcvdodanaegoriflothe @ocsent invention, as

opposjte to first dir i on. 6Q ubstrate 24 or

ilighinted BdiEEy ) apRee S0P Speget T O ﬁ?&}lé—’%‘ et digfpd onto

su\%lgtt}%te tbﬁ%aDaﬁ}?gﬁg YeRt cyid, Mhe @g@ég%e BOBCRSHY HldeBuB0piaeRer 600,
S

present "1 nventi on, . o .
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. 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
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illustrated in Figure 7, squeegee 606 transfers ink

604 through the screen 301 and onto substrate 242.
woeostgpodhe print cycle, the squeegee 606, fl opdI/GBaWE/004652

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

nove in second direction 607 which is opposite to the

web novenent of substrate 242. Screen 301 is noved in

first direction 608 which corresponds to the web

novenent of substrate 242 for the print cycle where

ink 604 is pushed through screen 301 and deposited on

substrate 242. Thus during the int cycle the scr egh

of $etink maayeeyet $p slightly hend diesereen.o %@cr?%é%ﬁ algqpyngledp
t.th

b P Lo S o S B ATE SR bt 0ol

begtg typishllphionadi g0 tb B0dsgrees andsnomﬂph@ﬂcmy al‘hlmctkﬁm)

606 t owards the b becom n tly distort.ed
impreves FlisiRg S SRS gﬁsy fited Ty grifiy dedmition and

ohgélﬂfﬂ% ’bﬁ’ﬁ QA EE subBeats GRS 3GBecBBbarigte, 5QEMME Bquetfie distance,
creen en noves in the opposite direction to the
sqeedgst togtrint acdler position; sriap alirtanco relativepeedsf syhstraty apd pereen and

SRt 5 S B 0 Do

QQﬂtﬁf@ne einbbdignennbf IEyecdMeintiag nidchglisth ¥s described in
bend the screen. The screen 301 is at an gle to the
meerdstsl orissopd USuiant 6385864 ribch s scasparatef BRvelerepsrehorcin.
print station. This arrangenent (the angle being
typically around 10 to 30 degrees and nore
speci f iig phitigular, du catbdibpieigaion) 03] thp fd/imgyuestionrie h eaden ink. An

fromthe screen_onto the r at r Vi.n rint
’@éﬂﬁk‘nﬁ’ﬁ 3 Bhtablecrarhon sl el %Fiﬁ? in belgWe cfRc i rbodiment of the
Pk Bhifor? Bk 361G $100651 Wi hrﬁ( 6@%&%@0 héinS HHRBERDB06 to

I St ance, squeegee to prl nt roller posSI ti on, snap
trahsﬁaralm:mk 604 ltlapiglethe pe@dts aust onfa lsulstates?43n T he priated caﬂum artwork

OSTESHSEBAGHS AT S B BB ff a0 et ot

the PhntcdlsafaYe GYaho SibsRate Ak gfeisepirbrdirp@pbatifs wittdn tieefirst drier
printing mechanismis described in nore detail in

zqned Lib vhush isdtlestateq ip goredetaihin Eiguresl3-neor por at ed by
reference herein. 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

bel o I n this epbodi.nent. of. th curre Lnyention, .
S 1u5%n FRGBBEMALE R ARG P FIGY LPYoq G fgoon with
m%&l‘ﬂ g@ @11{18/3115 AR, %46 basid, fAthahdh pALGH cbﬁtﬁncﬂve printable

scre onto su strate 2. The printed carbon
nﬂmtmnrk deposited on substrate 242 is then dried
using, for exanple, hot air at 140C directed onto

Other types of conductive ink may be used, for example, carbon with metallic particles,

silver/silver chloride, gold based, palladium based conductive printable inks.

In one embodiment 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
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the printed surface of the substrate using four

separate drying banks within the first drier zone2l7,
waiogl4a085 i | | ustrated in nore detail in Fi gur ePQRGB2003/004652

Suitable ink for use in carbon print station include,

but is not limted to, carbon with netallic

particles, silver/silver chloride, gold based,

pal | adi um based conductive printable inks. Oher

types of conductive ink may be used, for exanple,

carbon with netallic particles silver/silver

chl ori de, .gol d based, Bal g'tﬂl um b sed co uct |

w?h,mmtg’gqt%mpgm@ceqsrgcs Q lé’lf\’ele £ g\g’gar% of first chilled

roil&vﬁ tlh roﬁ&ﬁd%élytlg%tl heir& R041RA rHMldr Nl D AehyHeQBRA to @habpropriate

y after drying, substrate 242 |sdgassed over
tempénatusd; u:nhg,l forekangilé,dactoryhilfsdoraterat aﬂ@@dd d The temperature of

e lsE i G e P e R PR E T e Rihpermogg of he

faStoRNChillaPw st | Atk IhSphinted carBorsz@emé dte d&@sﬂ&bﬁﬁhﬁpﬂhtmg
of the 17 WD 2004/ 040005 PCT/ GBZOOS/ 004652
pragasefsHbite P pm&sé@'arc%m glledorof g2 I e%eéiﬁ?mg the temperature

of SIHEALL ?r%t éé-Plemam FRGE 1 ted 5r?fu.é@ bi é\*b?ﬁjate h@) sfﬁengﬁc%al'b%cause

appr oxi 8C. Frrst c 212 may
covle teflpdratupss raimuemth“el pabdleabilite vpmkatrying omshm@,redns |dur1ng printing and
exampl e, factor 'l ed around, 7C.
crefé%éal%&ka i Sgrndsprdhe 14 o5 R A rallers bhA PGP F@au%vmﬂng process
ac%ﬁx‘?ﬁr{ o th@ she nfn}eﬁi’i’oﬁ A AL fEial iR al R IPRAEdN IR Mount of
act o y chilled water. After t hg@&)r i nted carbon

stretdhtinsnbstatee2 4% pe;hncm@dreglstratm pueblems and themeedtpsmodify the process
rate 242 ed gver second chilled roller
012%8%{ Fﬁ@&ﬂ’&‘lpﬁ’és#q‘l@ ?@F of substrate 242 and
mai nt ai ni ng the terrperature of substrate 242 is
beneficial because cooler terrperatures reduces the

pr obabilh pag ewbodiment) it tsgpeiurae I therchiled religrs gpontrolled
e
catolifn thg water tfloev/enpeetire; Odenmethwdsofahdlngtheedller @h be

b dyc t of tretch ubstr
erpisnged by losn g e msine 2O i sotedRn et Dol Bt Sxample,

elgaﬂb{ll/yn@%r%%fﬁééau&[‘uﬁlﬂe fly to conpensate for such

prob I'n one enbodi nent, the tenperature of the
chilled roIIers is controlled dynam cally by a

f eedb aC[B 4 d)ro esg%%%% 1?%8) tﬁ‘% greitﬁgr%%gv 181[1 xeort Abgg tﬁ? .\é\J.ei) ed

roller oW/te era

miehBEtufRE PRSsTE wilekd inkwlgtidongididiglt&lfes ptaes. hﬁsectlon 4, the insulation
artwork for the electrochemical sensors manufactured in accordance with the present
invention is printed utilizing screen-printing utilizing a generally flat screen. The basic
components of the insulation print station 104 are illustrated in Figures 6 and 7. In
particular, a suitable print station according to the present invention includes a screen 301,
lower print roller 303, print roller 600, a flood blade 603, a squeegee holder 605 and a
squeegee 606. In insulation print station 104, print roller 600 is third print roller 221.

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
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envi saged by those skilled in the art fromthe
enbodi nents descri bed herein, for exanple,

we@bk@ansioenl |y powered refrigeration units. |n BCPGBL@3H04652
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 electrochem cal sensors manufactured
in accordance with the present invention is printed
utilizing screen-printing utilizing a generally flat

screen. The basic conpopent.s t he
243, Seregh 341 MUk in SR Eato O L § G RS 6% of
suB@ibdid $48 RF thePicvidl dyRfd Fhétt M 6Bl bhRPePSROsEea3010 t he

present 1nvention’includes a screen 301, |ower print
roller 303 prlnt roIIer 600, a flood bl ade 603, a

' t.i ]
O AP DS L PORE RS P B hion,
ﬂlﬁﬁidt&fmzﬁéue nsqueb e @d6atapkRrsinl 684 throughahe @crrelarmn and onto
with the present invention, screen 301 is har g

sulytraic 24% 1Boanstie point avrle dieuneeses 669; ﬂcr%lchia %e%@goﬂer 600,
anﬁrl %:r Itk'(ﬁ er889 gggxqﬁ\}rhllﬁ‘égéond Rice&on’ t 7 %lﬁg:’b\ﬁggﬂte to the web

rec I on i ch corresponds
movshaeiie 0f subbtrata Q42 Stieen 161 Wn@@A4h G4 ﬂ&Ection 608 which corresponds

PCT/ GB2003/ 00465 301 '
toghis Wt FONSTBEM SRR 42000 gy FyLE PheRe i 0 R PESHEd throvgh
sc?%g?gg 3}1@ dgp%%lt&f’fm Elhﬁtrfd{e%é Otfeletmbdapit bPthe@Brkeh ﬁnntmg

ont'o screen . I'n a subsequent print cycl

mpclaoBesis dcscabc@ndmnmedmlt in isdwed BiSepatant 41240 a4 ivdiich lasncorporated

illustrated in Figure 7, squeegee 606 transfers ink
b¥ﬁ?eWWﬂF$ﬁﬁﬁnthe 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

nmove i M mevdre flat scsean mintwgydugnedrintiag 8 gspapkl e latscraep has a

of

oqfip IR R I P ThE s ireoib R of bploRinfRY§ 4nd Shme
speed esmho tsulﬁ;f:ratw Stpicatle i2 éa’&:hfc!frthd print staitings, dyecdubstantealky flat screen is

ink 604 is ed t screen 301 and osi ted on
atgseNe Ao 4A3 oSk R e atedt %‘Eﬂs‘%ﬁ‘i@’fﬁ Mgy away

frOM! ﬂt]ﬁg‘gbﬁh é&ﬁfja bfintTBI& 208tiRKbules)! SapAAg He relative speed

pat which Ts incorporated Dby reference
ofthe sibstrate mth@anbs thersizerof P miinitesgimaga in thg direction of travel

intin neg.a flat screen has a conponent of
Of'@gS?Pé %811 e(?\ﬁli‘e%(i"se\é*ﬂnt he same direction and at

approxi mately the sane

The stencil screen used in each of the print stations typically consists of a
resiliently deformable polyester or steel mesh stretched and attached to a rigid frame. One
embodiment uses a polyester screen supplied by DEK Machinery, Weymouth, UK. The
mesh is coated with a UV sensitive coating and in conjunction with a film positive the
screen is exposed to a UV light source, developed and dried so that the coating dries on the
screen to form a negative of the desired artwork image. With the aid of a squeegee, ink is
passed through the open areas of the stencil and onto the substrate (giving a positive image
formed by the 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.
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speed as the substrate. Typically in each of the print

stations, the substantially flat screen is at an acute
w@anghe40085 i n figure 6) to the substrate as thePGUGB20V3/004652

and substrate nove away froma printing position

(adjacent a print roller 200 in figure 6). Varying the

relative speed of the substrate and the screen varies

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 defornmble

pol yester or steel mesh stretched and attached to a

rigid ff Clll@ﬁl inSRRAH PER kUSRI 04 tﬂé)ﬂnkfiﬁhﬁésuéﬁ i€ insulation

supplie K Machi nery, Weynout h, mesh is
mlcoAheedamp]le h)f a suitald@msuhatlvmmkoawt rfg’ﬂahﬂemrbem j dmdhisgmbodiment

ol b BB 3SR AR, Mg sfilen o

trehsfe® kD4 thdug tHeGCReeh And BAINsEbALEA42V é[‘l@fprin&@l ﬁﬁﬂaﬂ@dartwork
artwork image. Wth the aid of a squeegee,

depas?é@ntshb@@@ﬂ@rié thepaliicdrusing. B examplet airat &491 fChipested onto

t he [ ey
theﬁ %ﬁgﬁz{ec%ggést ra tﬂ?e asl"ﬂgﬁ%‘l& S%‘{ﬁarétr o@. ogelgé}lg{ m=:anssetgbl‘%d drier
zoﬁ’(@ D4, iwigch Rdllustsiked in angte detall $it Ergdrml} t A e}ﬁa‘mpie of a suitable ink for
rrposed by the stretcheg nes th mnimumd (r]‘ix
usg A nsyatien BRiRFALOR 1B ASY sl st R S5 P Byfe Present
n éHtfoHQS Efc'o tE'G'i]QO li@Jé{\@lg&oﬂlﬁﬁM%{ m%%#&&fa@&?fmm
|cu In 1tnsulation print station 104,
Encnk, Inm hlmtmﬂmdmem of thedoveationsinsuldtionsmtventla namags@re(hto the
sui tabl e i.nsulati on. I s,set for
cop TR o e SriopElobl PR Gty ahl Tt Teof frcgpd e
mhéhihd) %ﬁ@ﬂg\mette 8 @dsdibe®hereih. WthaGySeFegREatlAGnk May be
transfer ink rough the screen and onto substrate

utilived awellbwmdeeaﬁoqdr@unha@@ willedripdls at frgmbe desseplop herein.
t
eiREhh R A% i DERRAPO R el On BB & el it

ordebsitlapdreandshagfdre diffesapapaitmctoly innthe blaotkechainidal sensors produced
second drier zone 224, which is illustrated in nore
detail in Figure 13. An exanple of a suitable ink for

use ingj eﬁé%raﬁdcﬁﬂleﬂmmﬁe Bieddrt A ehflor b¥RPe AR M Prikting

process accordi ng to t he pr esent invention is Ercon
piia6dst @nd irbmddinteBt aftk dryisg|sabsiratd 242, welugingpryntedbcarbon and

hased f h
inPifalon Pt Roarr oo Grp ol raRF 250 BRSO Bloged Favidiy cool
s&@&ae R42ES relictenihBe tethpbidtaettysitallyabomgeinperatile (iravend 17-21°C

and the Y direction (across the
and typically 19.5°C +/- 0.5°C). In one embodiment of the web manufacturing process

according to the present invention, the surface temperature of the third chilled roller is
approximately 18°C. Third chilled roller 219 may be cooled to an appropriate temperature
using, for example, factory chilled water at around 7°C. Reducing the temperature of
substrate 242 and maintaining the temperature of substrate 242 is beneficial because cooler
temperatures reduces the probability of ink drying on the screens and creating blocks in the
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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machi ne) utilizing the techni ques described herein.

O her types of insulation ink may be wutilized as wll
wheoosnd®nst ood by those skilled in the art fropeT/682003/004652

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 the electrochem cal sensors produced

In one enbodi nent of the present invention, before the

insulation printing process and imediately after

dryi ng, substrate 242, including printed carbon and

i nsul ation patterns, is passed over third chilled

roller | Q4§03 of the web

substrh%%83§%g%%mgﬁ% ggg?gﬁﬁgﬁggﬁ?gggé¥ature typi cal

ahﬁﬁmmﬁlgnﬁdimshs evl(e&rﬂla fiigst 2Azyie printingdakspplasgl [y sepbion 5cthe

/- 0, t of th
enes B3I G AT o B SBRHe PR LT ah tpfgilice i the
pre%&ﬁtflﬁ\(f‘&ltltoﬁ ek ERiZAAg $d&nlftintigehi bingslablel geﬁérally flat screen as
approxi mately 18C. Thi rd chilled roller 219 nmay

hemuobefdret desenibedp Phappsicarompoasnis phthg st eaerrﬂ@pnmoﬁtatwn 105 are
1111%')1%3 HTE égfugr%: Lér) %r}él £, l ta%u&%%lejﬁ‘%&' Etgtlgrpaccgﬁﬂﬁkg‘cd\ﬁe present

Strat’e mal nt al ni ng
invcRfBE Erﬁihbﬂe@ aQtreSUBGI, l(a)tle& priéiProller Bed) @hlntroﬂler 6e0; auﬂp@d blade 603, a

cool er eratures reduces the probahi of . i nk
ScarogPRBoldes q’%eang@rsawe%ﬁ% et ey e gekbsaort 1, Print roler 600

of chilled rollers in a web
ISF% fpn-[{i']url ng process according to the present

|nvent|on is also beneficial because it reduces t he

anmount _of st h in substraje 24 redu
regi st Pht ﬂ rgf:@s ghaccP%nﬁee\gﬁhtﬂb %%ap mg/fnhtlon screen 301 is
chgfg,%%ﬁ&liﬂﬁ b!rl% e@égee Bﬁﬁtfﬁ)odfwide&‘i%hprﬁft@blﬂ@lmo and lower
WO 2004/040 05 P 003/004652 In a process

print caltedtiBA), in dimtrdee?tms@%twhlﬂw eerresppndsda e web moygemen of substrate
cturl ro i St £
24 RTeg 08 oty BecHifict i O ok f b i AT os o
suB§ttMO A fRithd ﬁ@deiyeretwmaﬁm G0l is slengat entorseredredur ed
I n accordance with the present invention is printed

utilizing screen-printing and a novable generally flat

SCreen f ﬁﬁﬂh@ t t
If8 s g o?ﬁ\?&ﬁrppx?ﬁ cgf:l% ﬁ%ﬁ%ﬁlﬁ)&??ﬁd&&% gfil PihE presen invention, as

conponén 05 are
illubtrated incltigakei T sqeieggeed®6 Brapsidrsink Hivt ‘F}mmghdhq: g;reer)aB()l and onto

ui tahl e print statjon a ordln t
bR o1t n DRFEE H@ink e Jaf Fagstes 6@6\5411008 Gy pript roller 600,
mﬁqg epﬁﬂnﬂtrofl&l 308 1a11 6 iA sédoRl@ @ujéétﬁﬂl%(ﬁ%clﬁls cﬁs@dﬁ&ge ghe web

gbr 605 and a squeegee 606. In first enzyne pr.i

meveanesof $dHiralerZddt Sergen 391 sanoved in first direction 608 Wthh 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.

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
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is fourth print roller 227. In a flood cycle process
in accordance with the present invention, screen 301
w0 g0040kmrpHed with i nk 604 by noving squeegee 6PGI/GBR@AM04652

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 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

géisp;%%ﬁlltgé %?1%8%1%&%2-}3 Ehsea %gr esotgt Pf%@? é}os a€§O°C directed
orfR0 thd fHREDAurFRE of the 8EBL 3R lusBpdweNeparaR Uil fin @hﬂ(s%ﬂnn the third

During the print cycle, the squeegee 606 | ood bl ade
i@ ZongA30nwhrchlis dluseged in mare detwlen Higurad4r din dpmplypfig guitable

ve in and t
Pl B a EO 0 307 VG0 PR, df8rine o
thkipigsbntdhv&fion@s s@@fharfsdih Tabler2esponds  to the web
nmovenent of substrate 242 for the print cycle where
ink 604 is pushed through screen 301 and deposited on

S%ﬂﬁkﬂﬂte 242. One enbodi ment of the screen printing

qf?.-p

€in questlon IS an enzy

o&nasog;urﬁ@j;ﬂrﬁeenzyrre ink is set foﬂgﬁe{@ﬁgﬁﬁﬁobel ow. In
this enmbodi mrent of the current invention, screen 301

i Citticdodéd with ink 604 prior to uSisher @Rattf@ee 606 to
k 604 through the s ont o
s%BBﬁy %BQ%%'PThe printed enzyne %?gﬁgéggg /040005
PEdfR3L MR dbb2(NAREOMB) k deposi tﬂﬂ)neynwswm&mtaine 242
is then dried using, for exanple, hot _air h
directed onto the printed surfacefgﬂmﬁﬁ%ﬁ§ B rate
using two separate drying banks mng@m&khmﬁ“%nmkguaﬂCb UK
drier zone230, which is illustrated Tn nore detail

FiPgtassiuthhexdcyaentenpledllof a sui t abl &Norlahinstomentsd tidy UK
fiyr rint station 105 in cturing
pkﬁii@gpé%gg?gﬁng to the present ?ﬂ9§ﬁ45§€f&§

sm@gﬂ zed in Table 2. Table 2. d mesadPyaadsid

Bi ozynme Laboratories
PVPVA ISP Company Ltd

Analar Water BDH/Merck 1td

In one embodiment of the present invention, after the insulation printing process
and immediately after drying, the substrate 242, including printed carbon and insulation
patterns, is passed over fourth chilled roller 225 which is designed to rapidly cool substrate
242 to a predetermined temperature typically room temperature (around 17-21 °C and
typically 19.5 °C +/- 0.5 °C).. In one embodiment of the web manufacturing process
according to the present invention the surface of fourth chilled roller 225 is approximately
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
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Tri-sodium G trate Fisher Scientific Ctric Acid

Fi sher Scientific Poly Vinyl Al cohol Sigma Al drich
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Pot assi um hexacyanoferrate |11l Norlab Instrunents

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

and Everard Ltd PVPVA | SP Conpany Ltd Analar Water

BDH Merck Ltd In one enbodi ment of the present

|nvention after the insulation printing process and
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PrgPlePfe” web manuf act uring process according to the

present invention the surface of fourth chilled roller

225 is approximtely Fourth chilled roll
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nperature of substrate and mai ntai'ning t
intcethp ediraénJ The aélatubfow anf elr zﬁa)un&:rcbbb]seme mnmn$mqmbles the ink on

ﬂégé’;{e%miﬂ?m i g0} amnel g ST g b B i G g, Thieme
ﬂ&'i)% e@sﬁ@gﬁé)&p&gfitsa%é%@ﬁﬁfv@%@&zthe%@hﬁfe unlike the

Chl lers in web manuf acturing process
pmsrmb m!l'ﬁntgprt As Well ps Beenhilled ollertal loviating thay aysensuriag thejsgbstrate is

t h
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roblens. Additionally, due to th
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humidification and indeed all three may be provided. An arrangement of pipes provides a

5

substantially constant stream of humidified air above, below and sideways onto the screen
respectively, ensuring the water content of the ink, is maintained at a constant level. A
suitable arrangement for providing topside, underside and/or side screen humidification
according to the present invention is illustrated in Figures 3, 4 and 5. The amount and
arrangement of humidification means (typically pipes carrying humidified air) will depend,
amongst other things, upon the amount of humidification required, the water content of the
ink, the humidity and temperature of the surrounding air, the temperature of the substrate
as it approaches the enzyme print station, the temperature of the print roller, the size of
the screen and the exposure of the screen to the surrounding (unhumidified air). In one
embodiment a pipe 304 comprising one or more rows of holes 400 delivers humidified air
across the whole undersidp of the screen during one stroke of the screen back and forth.
Pipes (not shown) above and to the operator side of the machine deliver humidified air

flows 300 and 304 (see figure 4).

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
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due to the novenent of the screen, it is crucial to

ensure that the enzyne ink does not dry into the
w@ereemooThe rel ative flow of air encount ered PYT/GB2003/004652

novi ng screen dries the ink on the screen in a manner

not normally observed in flat bed screen printers

(such as Thienme flat bed printers) since the screen

itself does not nove within the machine, unlike the

present invention. As well as the chilled roller

alleviating this by ensuring the substrate is cooled
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and 5. The anmount and arragglerrent of humidification

If MﬁmpemW¢ @ﬁthwubqtlr@&faﬂabﬂyw SR, smdeé%ﬂt@mm @pqur on the
S"\g)gt?ﬁﬁg s? [ c At Pon é‘glb%r?ﬂegijéw ﬁglg§% 3)'21110 nt é n yl?h?’ %ﬁy subsequent
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ngi oPh s %]SQl!ll t nhh € ontr8EofAbmpéiRr§ 6f £RMraRk pRSing over

posure o creen to the surroundi ng
chilieduotteni2f 222192225, and 23d melmremaoﬂinmemrolang s@@tramemmraﬂlre A

eeRekioPn B G o e e f RERouhesoe el RSt example
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Pi pes (not shown) above and to the operator_ side o

the fiemprsathrend %Phlb@i rablgrs andithe temperature of he sybgfraie ap @,mves the
Py drBHlsEndhine BURLGE kil | the enzyme Tk required

run i's placed on the screen at or
prior to the start of the print run. Since the enzyne

k d of | t of 23 WD /040005
PCT/ GRABOSF 86488 Scheghatie, B Eaifing Weligh BATSECARE |GV
pﬂt@ﬁg&%ﬁss a&B{‘(ﬁné YPin€ Pds¥nt8hAiHien S ¢h f‘lﬂgﬁﬁa p. ngt!ﬁ@n 6 HL%cond

one to drying out over the lifetime of th
enzyme prink statiors kOG aPecbed ahdyewe prirgdtabyn 106 includes fifth ch111ed roller
231, fifth accumulator 232, fifth print roller 233, fourth vision sensor 234, fifth drive roller

235, fifth drier zone 236, Y registration system 237 and outbound nip roller 238. In the

embodiment of the invention illustrated in Figure 2C, section 7 is rewinder unit 107.
Rewinder unit 107 includes steering mechanism 239, first rewind arbor 240 and second

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
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provi ding humdification around the screen | oaded wth
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encountering the enzyme (or indeed any) print station
by the use of chilled rollers as herein descri bed.
Typically the tenperature of the substrate is
controlled to be less than or equal to the tenperature
of the room However, the tenperature of the
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Ing su rate tenperature f eedback contro
| oop can be used to neasure the substrate terrperature
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tow poltnl oot GEITRESs SoaegTiang B bR Bb i et Srgen 301 s
ch%)x?@@ Sk 809Pby IR ghb&ite 606 RS0 A& 608 Sprin@ FHRErA00] £hd lower

he substrate as 1t |eaves the roller and
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SEELS ASEETH) I ng

subdtia@t 4 0for tHerﬂdBdgiyﬂe wiere kod(44R cﬁ:argai SBE chrden B0izyne
print station 106. Second enzyme print station 106
includes fifth chilled roller 231, fifth accunul ator

232, g? L Qub%%l{éftte}?ﬁ{t g&le%%l %]MCE&dXIII&I with $€ %&Ent%ﬁéentmn as

fifth fve r drier zone 236,
111uﬂgzitezl indtigure 7ssgutegec 598 tmnsfetsunb O60hthronigh the bdreen 3338411(1 onto

n odi nt. of i nvent i il ustrat in
sobflg 242 COuR B BfinoreLe o ehes o PR, g oter 600
and %Jver]&?nt rd1fr 8O$ 811 SRR ih BEboiE AR 3hick isrd;ipoﬁl&:\/tb b web
rbor 240 and second rewind arbor 241. |In a process

mammn@ pﬁ gpbisiwate B42.pPersemB0} isvaeraddn firs destiom @8oyhicly gorresponds
to E% Wf:l?aﬁlg)l\'lfff:rg%tg%rf B{l‘lgsg‘é{eofﬁsi%r jd}% pvl%? 8%1% E/ﬁer%‘?ﬁlg’ BEk f‘s%éﬂ@?i through

n sec enzyne

scideh WO ¥ndl depdshed et abistraei24ai @iie cafhodiment nﬁﬁmfsaxeem peoting
in accordance with the 24
mechanism is described in more detail in issued US patent 4,245,554 which is incorporated

by reference herein.

In particular, in second enzyme print station 106, the ink in question is an
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
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WD 2004/ 040005 PCT/ GB2003/ 004652 present invention is

printed utilizing screen-printing. The purpose of
w@pphpsag 2 coatings of the enzynme ink is to BCEFGB2003/004652

conpl ete coverage of the carbon el ectrodes and so that

the electrodes are substantially even and free of

voi ds. The basic conponents of the second enzyne

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, |ower

print roller 303, print roller 60Q, a_flqod blad
saBOa; thg engyrae ikaishbinfist gusmgpang stabor BhEE 15 cripog in

second print station 106, print roller 600 is
aforotpe cﬁ?gﬁégfo'ler 233. In a flood cycle process in

accordance with the present invention, screen 301 is

charged with ink 604 _hy novi ng squeegge 606, fl ood e

bl ade Bozte ghadimenof ﬁ}e megnt lgﬁatﬂ g iifer the Fecpng gayme prnting
pro\%ggs arldndrhédidteld SHEFL fR8 Wk A2 £D R RSHAR PiEinte® carben,
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of H{e‘%ﬁ&ﬁﬁlahﬁfa%ﬁﬁégﬂﬁ@ﬁ A6bdrididghs tiy pessnt invewior the syrfas of the fifth
i1lustrated in Figure 7, sqléjieege,e 606 transfers i nf<
chilted rolier\3d Hs eppsosimaialn 1863 Fifth chilled rollerps{ maybesgeled to an .
Duri.ng .t he int . i
o BB by hPersi U580 AR 4 g g
théRYHetAusTealbtdie 2 tand mAAKEiny thh témperppusitisebytata 24 is
web novenent of substrate 242. Scr qhgp%?hi nmoved jn ens
benefigiel hecaussrcpelst owetaERTedgresdpBrnRabLifyofipk diytps on the scre

an?ﬁ:ﬁeedggg%ld&s ﬁgﬁ% gﬁe?&eﬂ%%e 0P EnilIB@ rdlekdtin L& BaidiBE ring process

'S pu rough screen 301 and deposited on
acsotiirigrtatie feédent Gentiorbadi atembe bénefickal becapesnit prduaes thgamount of

mechanismis. descri.bed i.n nore tall ja i
st §ubﬁu?;95%4%5 IF&RHPE‘H‘*%‘ qraﬁt’l% & F‘gbg?‘%% %ndi &ﬁf} é‘? e grrl Xy fhe process
o Y86 Elyto chbipBidatd forbidh prélegcond enzynme print station

106, "'the ink in question is an enzynme ink. In this

enmbodi nent of the current invention, screen 301 is

fl oode i ik a i 606,d e airfl

tr ot Axtdhaltf aogd et balep HRLMDERUERYRE 1 b e airflow
duRub She Mbeemdit of Theacpeh,fit &xctreciatrensaure ot thedeppst inkdlognnot dry

ingqut%g tgfr;r%gqe) @Esgr%rgli gf’( tég %E‘Hgé Ir elﬂeé %@{3{}%@%&8{}}; %}%ﬁgllbge ﬁhF I%lglgstrate is
co?w?ist() MR3°E bURrOf ehc‘,’}glél%é@@mlﬁ e finél St HplpitteSstapy, iHekdlisalso topside

ourth drier zone , ichis illustrated in nore
ardiédraindessitle and/or side screen humidification, which can provide a stream of

humidified air above and below the screen , ensuring the water content of the ink is
maintained at a constant level. Typically the humidified air flows constantly over the
screen. A suitable arrangement for providing topside and underside screen humidification

according to the present invention is illustrated in Figure 3.

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
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Figure 15. An exanple of a suitable ink for use in

second enzyne print station 106 is the 25 WD
wQoe4Od0005 PCT/ GB2003/ 004652 same as t he ene@IeBRIVR/004652

used in first enzyne print station which is described

in aforenentioned Table 2. In one enbodi nent of the

present invention, after the second enzyne printing

process and i nmedi 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
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thidd O exgisttrtipe nerle 2393y fodub dsreghstraporotmatiis| 210¢ vaifich ank illustrated in

A S BT SR e RO E b Db ek o, second ¥
relgRRUfi G ndfldsPd 0P R E &Sregﬂﬁﬁtﬁﬁlﬂlhﬁﬂts D903 hRdIb@EEWregistration marks
i nvention can al so be beneficial because it reduces

2} (Hemayrearraspertd, respeetively, faiths Yoepeistreorpgbearbengprént sigtion 103,

. 1.egi: i on. prap! t ydi . .

s aLbA SRR, GFP P08 LR A58 L TREipd B pinstaon

106) di 4ch 0N edglistratiohl enaides dobpriseghtrismples tlem ateguktapdset rean orientation
enzyme ink and the airflow_ due to the novepent of the

thatampaewimatesageqianple.o in pRe epkemertihe YikgisepiQmiysiopdocated at

s?@?ﬁdﬁ'}/’zB %ﬂ&n%riﬁlgibmfﬁ%ew Bftroh{}e DEft6508Fm

pro er alfeviating this by ensuring the substrate’is

Ebtwota Gnilsh ibd@opeldshdhej Gemmpyunt ers t he enzyne
screen-printing step, there is also topside and/or
under si de and/ or side screen hum dification, which can

provi degn3né tmBadindht of tHehibksét @k etibn, 3RO UBpEHidn BRt@W237, may be
the screen, ensuring the water content of the ink is

implperied Being theElgemst laapectien Systermy piodel] funben 8C3100 HD, which is
c%ﬁ:{ﬁ%%%{lf “Raftiie %&‘éﬁmﬁ%@?&%ﬁ% %%éﬁlg%@,ﬁgeé%ﬁﬁﬁﬁ TH inspection

arrangene provi
systefied39i e a isi@econponieat thaitdAaspeots tha eegistehitiog niapkd iti@strated in

present invention |s illustrated in_Figure 3. Secon
Figniss b AdpilA riftgnre 48 a@ycw usge %%f@iuh%ﬁs#wgw ether a

sénSbi $iketD3B6 should be rejected (for example by recording inspection results against a

barcode in a database).

Registration issues in the Y dimension (which can be altered during printing by
the registration system (not shown) which is located at 237A, 237B and 237C and/or
inspected by inspection system 237 after all print stages are 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
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i nspection system 237 for inspecting registration,

third Y registration systemat 237C (not shown) and
wh200g0d®ost ati on (not shown). Qutbound nip rol PEr/GB3®3/004652

hel ps control the tension 26 WO 2004/ 040005

PCT/ GB2003/ 004652 of substrate 242 (specifically the

tensi on between i nbound nip roller 206 and out bound

nip roller 238). Substrate 242 is renoved from second

enzyne print station 106 at a constant rate by

out bound nip roller 238.. The Y registration system

(not shown) at positons 237A, 237 B and ?(2)@70. ontrols . !
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i n assessing whether a sensor _sheet 2106 shoulegstbe
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is located at 237A, 237B and 237C and/or inspected by

i nspection system 237 after all print stages are

conpl etggdy BBYs BScHRafHic AR depicting the humid environment around a fifth

and sixth sections of the web printing. The basic components used to provide the means

for humidification of the web printing environment are illustrated in Figure 3 which
includes top humid air 300, screen 301, bottom humid air 302, lower print roller 303, pipe
304 comprising multiple perforations 400, substrate 242, and either fourth print roller 227
or fifth print roller 233. Humidification and temperature is set to try 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
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variations in web tension or non-uniformdistortions
to the substrate 242. In an enbodi nent of the

WO pwentiooh, the barcode station conprises the POI/GBMM0BQ04652
commercially avail able conponents barcode printer
(rmodel nunber A400 from Domino UK Ltd. In Canbridge,
Uni ted Kingdom), barcode traverse system (Scottish
Robotic Systens in Perthshire, Scotland), and barcode
reader (RVSI Acuity C Matrix in Canton, MA). The 27 WO
2004/ 040005 PCT/ GB2003/ 004652 barcode station (no
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saro substrate mat eri al 242 and
the piihi statiomsing thqdmduﬂlﬁmtlen reguirbments 9&thehtype nf inkeat x4t print station

_statlon 106. rew dar r 241 holds a
tpnwoq{xéqnér&é n&m ﬁ‘ﬁ% e&#@&@&pp%re%ld?orqugggmde of the
sck&@hlso @fat BbRRTHE ﬁr gﬁt?bé ﬂlélﬁ/eﬁad BRaRERoddditect adjfatent the screen and
conpletion of the roll of substrate 242fromf|rst

retagvadrwiithin Bsrviduiy of thescreen Ry finugewsnps oicthe bood plf dhehood is
wi nd
miER o U upp g et af b8P UES BUHDR Ay ave a slotn the
x Qibiondthe dd4&idnsofirinking)movallow;, the squesgeb tb maveab keatidreto the
cont| nuous r ewi fg(pf?f substrate 242. The splice is
scpgeaduEn dpantiyelen rol | of substrate
mat er i aI 242 V\,hl ch is primed with doubl e sided
pressure sensitive adhesive. Figure 3 is a schematic

di agr afigleei# 6t a beptarh widvudepictingvthe bemidranvispemerf asovndsa fifth and
B U A T i TN S A"
hitiGatibg 8t ihe revéafprtnttﬁg\&ﬁbir&ﬁmﬁ bt @ MlustenRekiRt Figire 4 which

Il'lustrated in Figure 3 which
mcludes top humid air 300, screen 301, bottom humid air 302, pipe with perforations 304,
and perforations 400, side pipe at 305 (not shown). A pipe 304 with several perforations
400 is positioned underneath screen 301 as a means for blowing bottom humid air 302 to
maintain the viscosity of the enzyme ink on screen 301. Figure 5 is a perspective view of

pipe 304 with perforations 400 to blow bottom humid air 302.

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
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i ncludes top humd air 300, screen 301, bottom hum d

air 302, lower print roller 303, pipe 304 conprising
woredotiogloes per f orati ons 400, substrate 242, andP&i/GBew03/004652

fourth print roller 227 or fifth print roller 233.

Hum di fication and tenperature is set to try and

ensure that the properties of the enzyne ink do not

change to any significant extent over tine during the

flood and print cycle and preferably over the life of

the print run. In particular, it is desirable that
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content ensures that the amount of ink 28 WO
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n oor r inition and 1on 1 n
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air insid I f|r t enzyne prlnt station 105 or
opHEgEide ﬁ§9$@ g ?5?1on 106 is maintai ned between

85 to 95%relative humdity. Top humid air 300 and
bottom hum d air 302 is punped onto both sides of
scr eenFRfite 1 @ismeichenitic dingratedapicsiag aseregn piap ditiwcgi(1900) which

d
WX ST T e
entBERAERE the Adéion mcrédﬂ%nép atmcP(li000) is that dlosest dlaﬂmme between

nature and type of hum dification arra ﬁgrrents can be
scregn 304 ané sah ﬂtetQH@ &1 3 prefermedsemandigent of s Fivepiion, screen snap

seﬁ{;}% o(?b) % Ekg(:ﬂngfe ¥ 6.3k f El?éjéékéeﬁ@ﬁéﬁ setig (1000) is set too

pri nt station
higi\squesgee 606 cﬁlbiesufﬁmhnﬂbddeszmt meems’n’é)d to tra@ﬂfm ipk €04 pato substrate

24 e etotpot Qe o Sgen b seithe CiSDR et tga iy screen
3(ﬁd\bﬁﬁs‘?ﬁ‘éar e CCE SR A pR&Hous i icheld cavsiddl isuffiSient gin ﬂéﬁmtlon

of the screen by thé presence of the hood. If the hood
is nmounted on the upper screen frane, as is typically

t he ca d may h

(the it fEAMGRAsT R eltFedy S e o pRooplifitofin bR 11 oWhich
cc%ﬁ?ﬁﬁﬁg? Arst a?aé tcmlrér QII)FﬂlbﬁplaﬁbZIl@enﬁﬁghd:aﬂ@‘ bihie 1 mé sedond heater bank
1 Ogaand ibind Nt b8 I S mbadimept o i tpvention: hot plate 1900

contacts the unprinted side of substrate 242. In a preferred embodiment of this invention,

hot plate 1100 may be coated with Teflon and may be heated to approximately 160°C. In
an embodiment of the invention, first heater bank 1101, second heater bank 1102, and third
heater bank 1103 blow 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
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sixth sections of the web printing. The basic
conponents used to provide the neans for
woeoswdsdopcat i on of the web printing environmeneCHG82003/004652
also illustrated in Figure 4 which includes top humd
air 300, screen 301, bottomhumd air 302, pipe with
perforations 304, and perforations 400, side pipe at
305 (not shown). A pipe 304 with several perforations
400 is positioned underneath screen 301 as a neans for
bl owi ng bottom hum d air 302 to maintain the

viscosity of the enzyne ink on_screen 301. Fjiqure 5is
drige proRaOu s (i risw bRk 1152 b ovgihcriep Bt IR0 8 400
Q.bl o tt. i . A Jour I | hird dri
R o s i
bahint1 0oe sind fouis driatbani2 4 3 Aoblomt hotid at apBORimateiy 140°C although

squeegee 606. The angle of .the, squ e 800 an sbe -
thiy maycde vagied ge Wﬁ’i‘@ebet‘ﬁ’é‘eﬁ@"idﬁﬁytﬂf‘ ki ﬁﬁﬁfﬁ#"‘% i description
eldin.@n embodi ment of the invention the angle of the
squeegee can be 15 +1-5 and preferably +/-1 to 2

degrees. Note 29 WD 2004/ 040005 PCT/ GB2003/ 004652
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cofipidéSthtdidsive rslehons first dHiea Ghua 2008, sédond dzieobdnkel 6B, third

squeegee positions which includes substrat e8€42, o, i
driss b 828 nds Syt daige bary 1 5By s .eﬂgeél,m% g dyention, first

dr%gg?ql{ %%@&%&%%ﬁ%%@r bR 1bi§ﬁth%9%ﬁeﬁﬂ&k5ﬁ@999ar§l%ﬁﬁﬂ @fer bank

€ squeegee position Is the position of
110BB HewERGesr dtabpioximattly MDY aldntueh thué ntalydepyniied as would be
roll er 600. The sgueegee &8s'tion.can have a mgj or

understaod byrfheseeskillgddp st Bem s dgsstPiondereifle hosition

of the squeegee can be varied to optimze the
definition of the print area. Figure 10 is a schenmatic

di agr afigiepil ¢ iliusgates st exodesndgw of 8 thirddry{nerooy 23hwhich
i ncl ud t 2 i . D
et Bl o080 it g, el Bt R 101

arl ENEIHiOR 0fI6E BBt fArsl dFtrtee 10000@nd sscohd dried task 4101C,

di stance between screen 301 and substrate 242. Jn a
blpwe het aieet apprUdmALSH SOSE athpueh iR Rfvarisdag &wugfwnderstood

by fbbd 49nddAqRe %gﬁ?.ggg%c??ﬁhﬁ&h@em 0.7mm If the

screen snap se I's set too high, squeegee
606 cannot sufficiently deflect screen 301 to transfer

i nk 604 _ontqg _suybstrate 4 i.th sufficjent. print .

def i ni tige 1P allysyates ap Qééog?fﬁnb‘%’é& # %&“P%&%&?‘? 238which
c&n?ﬁiée@ Weh $efvE&8ller 235, first drier bank 1200D, and second drier bank 1101D. In
an embodiment of the invention, first drier bank 1200D and second drier bank 1101D,
blows hot air at approximately 50°C although this may be varied as would be understood

by those skilled in the art from the description herein.

Figure 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.
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301 will snear ink 604 froma previous print cycle
causing insufficient print definition. Figure 11

w0 kdoyssaoes es an expl oded view of a preconditi oPCTIGB2@BM04652
211 which conprises first drive roller 210, hot plate
1100, first heater bank 1101, second heater bank
1102, and third heater bank 1103. In an enbodi nent of
the invention, hot plate 1100 contacts the unprinted
side of substrate 242. In a preferred enbodi nent of
this invention, hot plate 1100 may be coated with

Tef | onpiaagks TIA 108 7iDeiiusichts tieap pf axingulttidrylay&OG. caibon layer print
embodi ment of the inventjon, first heate bgglﬁ 1101
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conprises” second chilled roller 218, second drive .
rectagdudar cad®n linerlg03 dniossubieatk2422 do A, subsegsent prigbeyaly, insulation
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second drier bank 1101A, third drier . bank 1102 and

1703uMendhe esulstinn layeoBrcaghoslayss fomstration 1SRy BPeHat Ar fQHT Forners

14 [ th ' ' .
o5 B e Ay s
inéleslg I]Eﬁei 10701 dpdrselid carbegtebmnglgzl'ZD%’_ﬁth agsation efkiphwaén layer to
view O a secon ryrn one I C CO | $Ees
copnray<sic Be Carikes map A Y5y St Or AR e EAGSER SSRE Ssrand
viSibh §énsg§%, TidiBm Jud e'iTQ)odﬁIl'iéng Borprides b b0mBia poisted Sbati corner of

rrer 1103B. In an enbodi nent of the invention,
the sutstrated Tygicaltathits o0 Bart ebibe rdtialization pithk statt@f the, print run. An

third drier nk 1102B,..and.fourth. drier
onspgiEcop Sl 1t s MG e idetl Ehe dilion el PR soreen
ThEopeadtbLchnaBeWishallshigspedt e fepitadoR vf inkgiatorsta daktea during this
the art fromthe description herein. Figure 14
initialigationenreeess fanshipflerdaturipg iy remaidgitithe BIAR THY) 3 fan make

e e
regishagonTei shafld bhepprevietet iten thefwebstiewter 222 (bamfrisig®ofor example, 4
ca?rrl]e?asspe(?ir?tgg a’g {oicaeltriongaa%lévelt]é%cogher of the substrate card) views and forwards
for display a snapshot of each of the four corners of each card. Thus the corners of each
card are only viewed for a fraction of a second on the display since the substrate beneath
the viewing cameras is constantly being replaced as the web travels through the apparatus.
This system enables an operator to see instantly the effects any adjustment he may make
has on the insulation to carbon registration. Adjustments the operator may make include,
but are not limited to, screen print stroke, snap height, squeegee pressure, screen position
relative to “Y” direction, screen position in relation to 0 (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 237A, 237B and
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bl ows hot air at approximately 50C al t hough this may
be varied as woul d be understood by those skilled in
W b@4m10003 r om t he description herein. Figure 1PCT/GB2003/004652
illustrates an expl oded view of a fourth drying zone
236 which conprises fifth drive roller 235, first
drier bank 1200D, and second drier bank 1101D. In an
enbodi ment of the invention, first drier bank 1200D
and second drier bank 1101D, blows hot air at
approxi mately 50C al t hough this may be varied as would
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and transfers particulate/foreign material to tacky
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17A represents the top left, Figure 17B the.top, . right .
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10%1 Gh v di?e%ﬂﬁﬁ’ bf o haPfhe cAibBn FRIVOR. GhR ML 0SRP¥RenGPthe

e sensor sheet” illustrated in figure 21A" In one

catbdpatidninsilatixn schéen ariberstmosize tuthisolimpnsion bedansd eftha 9dstrate

rints carbon layer whjch conpri.ses a.solid carban
o AR 05 MGG Ok By B ST CRPL A BElper screen
sttdkR@ives A3 RAV Ay I6HRRE hidbvSriciftht albAg thesdiRSEGVIENravRe bfthe substrate
insulation print station 104 prints

CycCl e, . .
web) Nateghptligimes$Aatepessents the tarteft, Bigves Wibtheion dghigbigure 18C the

o B354 LR R BELEST 05 S0LA 3 g

1ay6ie chivenilaed kfi%ét?iﬂioh aymiproger et tha’lgoar comgisamcaedtédsubstrate
s proper at_ a our corners . typjc er y he

2pcairhebseyed hﬁ%ﬁ%ﬁ@ rgatzl}a%méhagﬁj\nsﬁﬁw pfsolicarbon

rdcBRbRNGEb 2 The (A5t d i OF ihdubioh 187kr BNChr] T I(‘cﬁﬁllB@ Bhecked

rectangl e 1700. " The registration of insulation |ayer
mtanuallydrybomoriesater usiag seend veadnesgtnsm@da) |y by an

operator or can be checked using second vision sensor

222, which in one enbodi nent conprises a canera

POi Nt ek gire89GIuAAKRE viek of i RsHulGH Faéto cdtbphd@et Yor an

this forns part of the initialization at the start of,
emhedimentef the inveption with improper registration when the printed insulation

artwork is shorter than that of the carbon print (for example, the screen stroke for the
insulation print may be longer than that of the carbon, or the insulation screen may be
shorter than that of the carbon print station) Note that Figure 19A represents the top left,
Figure 19B the top right, Figure 19C the bottom left, and Figure 19D the bottom right of
sensor sheet 2106. When the insulation layer to carbon layer registration is improper at
one of the four corners uncoated substrate 242 can be observed between the rectangular
insulating 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 21A) which comprises solid carbon rectangle 1700,
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operator can view all four corners of the substrate
adj acent one another on a TV screen. The operator can
w0 baa/ovioguial | y i nspect the registration of i nsSECHGBRIV3/004652
to carbon during this initialization process (and
i ndeed during the remainder of the print run) and can
make whatever adjustnents are necessary to bring the
i nsul ation and carbon prints into registration. It
shoul d be appreciated that the web viewer 222
(conprising, for exanple, 4 caneras pointed at
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¢¥@1§@rve to "Y' direction, screen position in relation
to O (Theta). Once the viewer registration has been

set up on this and other print stations (using vugﬁfrs
228 analm;mmeanmnm@ sesenprsher Witk & Gigt vieW guids2100 and
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to 2104
registrafipromenss 2402 Notethatagregstation H’éﬁiﬁ%gg SHERPHER)
re%f}ﬁ'%&fl{ m%gi}@7 Yol ﬁghﬁih Atk s&lﬂiét{‘ﬂaﬂ{r 2108 'Fggur&/ﬁﬂk $s an exploded

shown 1n |gu s 17/Ato 20 D can be used
wéwrofaub eovetvithinGeastt siieet 8406 withtai carbogi¥ Iﬁf@qﬁlﬂh manlg2 K7 and

| t er nat,i ition u3|n
soaish Vit 300 i s abarelod RSBy S lor st
2ﬁ1ks' Wi ah inBulbfiéh RirboibtrAion hakde 68 ahdédcond bﬁﬁxﬁglﬁde foogw rIﬁsulatlon
18 illustrates a view of an |nsulat|on | ayer .to carhb

Xlrae}rkﬂlﬂ& entirply avetsods werbongf registration watk \disdHustrated 1 ln Flgur ©
e istr I
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dimensions are longer in the X direction (along the web) than the first screen artwork

dimension in the X direction.

An exploded view of one corner of the print guides is shown in Figure 20A-D,
in the sequence in which they are printed. At section 3 of carbon print station 103, a solid
carbon rectangle 1700 is printed 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
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stroke gives a relatively longer artwork print al ong
the direction of travel of the substrate web). Note

wao bat/okiogur e 18A represents the top left, Fi gurer/G8B03/004652
the top right, Figure 18C the bottomleft, and Figure
18D the bottomright of sensor sheet 2106. Wen the
insulation |ayer to carbon |ayer registration is
i mproper at one of the four corners uncoated substrate
242 can be observed between the rectangul ar insulating
line 1701 and solid carbon rectangle 1700. The
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whitliasd ?ﬁﬁtb@ Bn . é&@é&ﬁluktxét@foheﬂh&esalmre pﬁﬂcmutadpmt 8 the carbon

regi stration system (not s ovvn) at positions 237A
pﬁﬁ?&danable mumh tohiépunst’” e cands ovthsquatied Bye eutput of Punch 108 is a

S?tl b}sltcrhgé § W%Hg%a ¥I§us%rmced ik*‘lguge ?fA.n?{nlfcﬁlea 103 (nsee‘ﬁected

from punch 108 onto a conveyer belt, this conveyer belt transports the cards under a

barcode reader which reads two of the barcodes on each card to identify whether the card is
accept or reject in relation to the Web Database. 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 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,

35



direction). Figure 21A is an exanple of a sensor sheet
wth a first view guide 2100 and second view gui de
WQO®2/04000F st Y registration marks 2101, secondP(T/GB2003/004652

registration marks 2102, third Y registration marks

2103, and fourth Y registration marks 2104; and X
.registration marks 2105. Note that X registration

mar ks 2105 conprises carbon X registration nmark 2107

and insulation X registration mark 2108. Figure 21B is

an expl oded view of one row within sensor sheet 2106

hRidorf %JHQW, h593disR LR I8, Koug#DvisiBh denss£Z3N) éespectively.
e 2. I

Vi ew gui Figure 21C is an expl oded vi ew of one

For eachwiettivminshaweb petées magifdguring hraeassnSestign Both Hand 6 - there

o et e e AT b i s s
Fi%ﬁ'g’isslt.ﬁ[@éifgf‘weﬁh%w@@&tﬁﬁlsj I dra tvesl carierts glBeetial3 @nd four
nd in doing so provides a trigger point (left hand
camd@_egdyatc&ecﬁm 4 Yag®. The qu,w@r cyperpfare payt of gananual set-up
Pl ety AR e S i R o Ut B, qup. The cameras
ar&aeand vivh piliged inanel which aldibe inisiakbsetlop of nabbmelignment to substrate
| ayer) rather than the  carbon Iaé IS can be

h
24308 e SEon oY SR BN P SLBSURR NS SEF GORRF (ST
m%ﬂe%%%ﬂflhg(%,s%xﬁfe s%?érﬂ%ggrglra gagfep?o %sﬂhﬂ&&?h&&n TRlRRdnk %ﬁldeg( are

I rst n artwor dinmension in the .
illgitraeal indivateAnn@xpiro2kA. Foevarbén priat alignment, s¢cond aigyr gwide 2100 is

sl hicnly b Pbo Pt ghicap 1 e one g SRRRR 143 as it runs

thfohgh lc@fbon %%nt Gatfodl 103, TORFIOR [6AKHERAY rdlar@Alih 1ipe adillastrated in
along with a rectangul ar carbon |1 ne 1703, whjch

Figurer2d én dhe chdos ptintds ediuied unikthg figesindiaty thatithe prgt i square to

4 of . ipsul atd on,pr.int i . .
o SRR G S35 Ot st PR in e X
difRFiBR (alb9cthe Nglgth dfiROnAabtkint)wnd the§t dirgtibm (acoess ierwidtinef the
1703. When insul ation to carbon registr

machine)See Figuge P14 o direglionps Sitgiion & oﬁg& g}r) thiesmternal registration
S}/Js?t%y &%ﬁg QlchR46hRds vl ez%lhﬁpd £@hd Mdided 9nWisire REANB and C.
uncoat ed subs 42 s g

trate ng between solid carbon
On det @abe pid0 ckeraccartsnt ¥ megisteationmeark 24 0 ip firinted in#hys area. The

Addi.tionally, at. section,4.of.i,nsul ation rint ..
Tngylgtion Araeng Syl Eerasd iR SR S he sPoficuhish g carbon X
rebisi8fonl £dik PIo7b Slow ikS@biIMiorPR ¥ thhgjusOihiogderas prinit the

rectangle 1700. These two additional insulation |ines .
inswletioms @it it the correct position. The carbon X registration mark 2107 used for this

S€

purpose is then over printed with insulation X registration mark 2108 and is utilized in the
same manner to correctly register first enzyme layer 2000 and second enzyme layer 2001
with the insulation print. Y direction registration is controlled by Y registration system
(not shown) located at positons 237A, 237B and 237C which in one embodiment of the
invention may be an Eltromat registration system, model number DGC650 from
Leopoldshdhe, Germany. This utilizes the printed areas 2101 to 2104 indicated in Figure
21A. On each print cycle — Carbon, Insulation, Enzymel and Enzyme?2 — these marks are
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
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visually assess the registration of first enzyne |ayer

2000 to the insulation |ayer and second enzyne |ayer
WQQ®1/04003 he insul ation layer, this is done soP@IGB2003/004652

printing a solid rectangle of enzyne ink within the

rectangul ar insulation line as illustrated in Figure

20C and 20D. Thus the third and fourth printed | ayers

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 | ayers

| £ e Web dhtabdse iSédiBhedin Table 3.

ba&%@ﬁlﬁgﬁ@y{%}{ﬁﬁg pri r?tagng{ﬂg?&:egr]ﬁfor exanpl e due to the
The&éh Bmtdbasel’nsas dre abdttjo tmaseese GWhethelr R@rddesspargngteniy Ausariable or

217) dat ed er
UnenteblCEILER SO ok ey Ao g R rcters were
ruﬂrﬁ‘né Whhik tﬁéxfe%ltefaﬂeé limASUhhdceptablicatisintaybepemesed atfintire

, at the end of the process, substrate 242,
proqassesldlﬂmfgmmagﬁﬁfs@ﬁ@nﬁmaﬂb’ed thereon is revvound by

rew nder unit 107 and is then fed into punch 108,

V\ﬂlableamybe for exarrpl e, a Preco punch which is

1 stati o ese Nt punch tb .

aBjotBlate bof e cBrigoBankol i nt BHE E'ﬁﬁ‘bl e m]’t h  Drier Bank 1

"punch" the|cards 81‘52 sqyare. Thes out put of (ﬁqpch 108 of4
e

is a ‘set off punch cardls such as those illustrated

|n Fi 1A unc ards.are.e ed f: ofggﬂ_@:h .
%%‘T‘azz onv EB@?? thP %?1‘1‘1% er b%%l%r Drier Bank 2

transmrts tthe car gﬁzunder a baf:;:ode readerofshi ch of 4

reads two off the barcodeg on each card to identify

theﬁ%ﬁ%ﬁg&e car ¢hi-SBaACF§Pt Dlief BhGES |1 N T Shdeb@ 10 Squeegee

base. Automatli c or manual {extracti on of

rej ecéfeld carlds canofrri ed out.offhe cards diressuigen Pressure
st acked—on—tep—of—ene—angther—+n—preparation for—{the
neptierBaikf Adt ur iDigr Bhslp4 |At DaiebBarﬂpéi nt ms&deilémdl D3, Inside Hood
insulation grint station|104, ? t enzyne py %RH
stati®nt 105,| and s€dnd dnzyme B gt ati orﬁ’ 6 all 0

tave a Teans| forvisuat 'y | NSpect | ng the registrafion. .
i medi atel y [af t erSquergepr i|nt i n§Ipegeesy st & ngfi Inside Hood

first vision sensgr 215, {35 040005
L T ) Tem
PCT/ GB2003/ 004652 °§8tond Vi z%%gsglg‘{]scr 222, THi rd P
vi Sion sensor 228, fourtH vision sensar 234 .
respect i vel y Outside Qutside
Hood %RH Hood %RH
Qutside Qutside
Hood Temp Hood Temp

Web Tension

Web Speed
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For each section in the web printing manufacturing

process - Section 3, 4, 5 and 6 - there are Wb
woO/L@wesooehner a systens | ocated i nmedi atel y af t BCT/GB2003/004652

printing process step. See Figure's 2A-2C for web

viewer |ocations. There are two canmeras at Section 3

and four caneras each at Section 4, 5 and 6. The web

vi ewer caneras are part of a manual set-up process

used by the Web machi ne operators during the start of

the print run. The caneras are used to view printed

mar ks, ..Whi Al j g 1 ] - 0 ister

al i gnr‘%1 e?% 1§ & %g]{léglg%tfg %égﬁ%{‘é’zg&ﬁ‘g%fﬁ }r(gl?lg g’n dee% l\isgg rﬁo fegl
the W prdltinprbadss! Thopaamben Yl repesentd the direetivayfiven ftizyeprerator to the

to nsulation |ayer, and secaqn nzynme Jayer to
machiwg sieiod the wele printingsmaghing ﬁ%cagkyﬁ@é’)é%tﬁh F PEEmelst &

| ndi ed. on. Fi iHad: [ inftt102!d herizontal).
rerg AN € st ok s G0 AGFRARIE Ul 07/ BIARS hprizontal)
The phfiinep s tdpessents thealisectiomperpenidienladg theoX asd Nsdirestiens (typically

242 as it runs _through carbon pri at.ion 103.. .. .
verfisah e PP eiE) AEPTFITNS RS HPEY 15 P1ihinA0 erbodiment of this
il t i i 1B 1 i Sin h ,
i S e pRa 2 S R0 g
fosépaaipte, carboh peins st Hideinsdption Rani Katroat §09niist endyme print station

individually printed la is required in the X
10g; WF@#WQ’%W@‘%@@ of the machine) and the Y
direction (across the wdth of the nmachine) See

Figure 21A. X direction registration is controlled by
t he i nimoma¢mbatjinsttrofthapreseny invention theraitpri of thgavebrhi s

utilizes the printed areas.indi . F .
DS BT B SRl O i and
two8GdrtichiRt AR d 1By s Bhifkéd ibrepistattudth dne anbiber ar foam sifips each

Insulation printing cycle is registered 1:30 t(geg Ca gon
coptaining o Flegtrachsie S%PW%@%%?@WWt eleglgp f%‘“t‘{e Frung

0aS i am i Tdddse in
O iod il m B, RNk ASESD  le
copfsictiorowith Bhaeten Poatuctionsagisevaraltdesignsraf #rips 8% cowisagefloht present

this, purpose is then over printed with insulat{on X
the Bigh it dertensn mragusa dnes FepeR Ul PRAPR B R O glon Uttra
mPBPRRIch 9 atRlabRA drY LifeSant Bic. f i rst enzyne |ayer 2000

and second enzyne |ayer 2001 with the insulation
print. Y direction registration is controlled by Y

regi stration tem (no t: y :
237n, FossemaRe Bl e BRAWHGAE BlAodtis RPFIGLRM1 A, This
TS 264 drRrof@letd priafed childf @iivh coa@irstI0aRows” 9 50 EStrips”. There are a

nodel nunber 50 from Leopol dshohe,. Cer r%ng This 0to 9
totad jof FORES R’ paricatde Brint rientaipns ateqlsy tpdicatady Byyprigjingfows 0 to

Ei . | if ERBaded to
(et 0yt 3f mafdlcf @he B Hon OYpIERL herRbARcarl SRS Lnd
inolugioh of haittingestepuiepagtienonepomniromsnothgi. s Fartedmors this means that

nsors, in the Y direction., The . . . . .
atfyedesfgcti%’e TOWS %esfi‘lting %ome cc::rtossoweb valiation in print quality (perpendicular to the

vy

s

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.
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Wb Dat abase records process information during
printing. Information recorded in the database can be
W e@gmdbobick to each individual card via a barepodeB2008/004652
one enbodi nent a 2D 36 WD 2004/ 040005
PCT/ GB2003/ 004652 barcode is used. Typical
informati on gathered in the Web database is outlined
in Table 3. The Wb Database has the ability to
assess whether a process paraneter is Acceptable or
Unaccept abl e and can be used to reject cards on this

basi s ThhRVASE shbitariiRllAHEE Rfden\60p& welliwith tig: typésvfink
¢ ab!

there tolerance |limt. Unaccept e cards may be

(solisMinidicombinationss ugsdsipdbsarintinioh eleciastisames) sepsors. The use of a

mc%éfp? 'Et :§gr|%?n can er*ai%ﬁén etttgr co‘htroil?_f }%m{{ f@iﬂuﬁ}){l 'ahib)tﬁg defposmon of the

tlﬁ%f(er?ﬁjédﬁ ?ﬁ%[tk#e&déa ?ﬂecﬂﬂéﬂénﬁcdDBtr&brthmknﬂy be aBow&Hkrotogravure
0 0 of 4 of 4 Dr nk 2 Drier. Bank 2
or BARdcE seer PRtk Aovipietept RATO1 Soregh O & tlbfhfgre@f ngcslbfdlqpleter of

f.ad 4 He'nfdsh %Fé%d%e@rht?g , BECE Batdhess, Rlebig o brederfilieRa R ercially

queegee ssure Pressure Drier Bank
avédilibie &r copa mthtI@dnﬁ'ﬂ:reﬁammementﬂ of diffkert typesiod enk-adbe efntinuous

of 2 of 3 %RH 9RH. ee ueegee I nsi de Hood
wqt}mrgglgm%pss ‘%cgmrgsgﬁ errp Tenp CQutsi de

Qut si de Hood %=H Hood %?H Qut si de Qutsi de Hood Tenp

Hood Tenp t It}~er Wb Tension
Because of the arrangement of the flat screen, print roller, substrate and a

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

squeegee etc) to optimize the print process for electrochemical sensors.

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

under tension.

The substrate has to be kept under tension to control registration within the
process, as a result, whenever the substrate is heated for example to dry the inks after
printing, the substrate will stretch unpredictably causing image size variation in subsequent

prints.
The size of the image printed at each print station is determined by several
factors (stencil size, ink viscosity, relative web and stencil/screen speed and substrate

stretch at that point (both reversible and irreversible stretch) etcThe image size variation
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Wb Speed 37 WO 2004/ 040005 PCT/ GB2003/ 004652 Figure

22 is a schematic diagram of paranmeters X, Y, Z, and O
W@ 2®d/ 04003 egi ster the web printing process. TheCT/GB2003/004652

paranmeter Y represents the direction fromthe operator

to the machine side of the web printing machine

(typically horizontal). The paraneter X represents

the direction fromunwind unit 101 to rew nder unit

107 (typically horizontal). The paranmeter Z

represents the direction perpendicular to the X and Y

(betweRh tdh?éi«ént(ﬁr}fﬁ*ngéltépm wh{e%rlaé)lfeﬁlea} cheTé?ﬁ HHATBESRE was found to vary.

represents the angle “around axis. In an

Tt v adpredivtabdé attdHiigherithaneaxpeded sighidicans]y rediging yields. If the

ar ters are used regi ster the follqwn [
st genmagt Stes yeapipas e drdfion B SRRl fine the web
(x1Bctibfs megsrb@&bt R¥ill bt Whilk! ThEexdRdsivd infidpe sBB A ulBtdI WK thought to
station” 105, and second enzynme print station 106. In _
bexue tereserssiveand ynpredistableatisiohing {(fanta hagting ard spsipp) angshrinking

Ogtﬁe%%ub%geuf acturing process is cards printed with
ar L WorK conpri sing Carbon, Insulation and two

i dentical Enzyne |layers printed in register with one

another _to formstri each . cqontainin ;
ol oct r Jeisduelsm olshrelch auhipmsien §8?Sa&°é ks hessgme problems in flat bed

MR MRAGE @6 pﬁ%lgﬁ% B8 weB e QsE tp&él_sﬁuﬂk QRfaRWIstried. The

e strips are‘used for self-nonitoring of blood
supistrate yeas heated tnpronod i 8ndegrees centigradsr befonebgingtusehin the web
seve‘rl\gl desi @gs aof .stri.ps ar.e envi s%%ed. At %fsenédreduced
PRORESS BV FLTHE VEHAoT 1 IRRERar s PTG Ry fipdcats
yiidsi ps for use in the One Touch Utra meter which is

avai | abl e from LifeScan, Inc. A schematic di agram
sanple of the artwork produced is in Figure 21A. This

10 * Rl SR PRI S e belabH o Wb A PRl s in o
firsburiePe rather preastitidiicdnt a suffieiehily highdemperamre® that in one example,

.indicated. By printing rows 0.to 9 each of 50 . .
irsqversiis SpFlaly bstRalacBP YIS ﬁheoﬁ”%ﬁ‘i“?tﬁtp,mF fban image being

pREREBAThE@bshRecasi |y extended to inclusion of a
cutting step separating one row from anot her.

Furthernore this nmeans that any defective rows

resul ti rom Cr oss b variation in pri,nt .qualit
(per pen‘gi%c%‘lsﬁli’rof%“’lnﬁé%a? LR VG I%?Clh& p ﬁflf‘sra%ngé‘ea% the substrate
uf() ded0 (ﬁt’%ﬁé&sﬁﬁﬁﬂiéﬂide. Brve Eerﬁ;)ﬂ%thﬁzs ahdv@tdralibythe wilbktiate later in the

identified by a barcode) and therefore specific rows
pfacess, tpecallyide nohexaesd d#0 dagseageb can | ater be
identified
In figure 2A the first heater bank that the unprinted substrate encounters is the
hot plate. This is a Teflon coated plate, which lifts and contacts the substrate during motion
of the web. The heat is introduced to the back face of the substrate. This is currently
running at a set point of 160°C with a specification of +/- 4°C. The 160°C set point
statistically provided the best dimensional control. The calculated 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
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with reference to the database and el i m nated w t hout
the need to reject the whole sheet. This increases

wao b@4pamebzl of usabl e product fromthe process BOGB2003/004652
renders the whole process nore efficient. 38 WO
2004/ 040005 PCT/ GB2003/ 004652 The novabl e
substantially flat screen copes well with the types of
ink (solid/liquid conbinations) used in the printing
of el ectrochem cal sensors. The use of a novable flat
screen can enabl e better control of print definition
s@biratdf a‘i@ﬁlﬂﬁhtt kot w‘itﬁ% spbiiCdtRn drayese. The bzﬂlﬁulated mean is
needed i n €l ectrochem cal sensors t han maybe al | owed
169.768%.0gr avure or cylinder screen printing. A variety
of types of screen (with different nmesh, dianmeter of
thread in the nesh, thread separation, thickness, nesh

count) Ak @ ré@tdiflie WeHNERSi6h ahd the he¥EAhirallRd iPthe dpier, the web
with the different reqU|renents of different types of

spbptraters stetcheshpy anpserdmatgbnl. pwihperagtvark sepsat. Thigrwaspne of the
o B o PRI s P el SRS RB L  Mc
pﬁbgfd’@bkéipeﬁ@rﬁﬁﬂgtstmlaﬂsﬂ Thé lee sfidtatiornl & precoaiiticat the suflbstrate

rame |IabI be nanl ul at ed cre nto
ST thest a&ﬂgr/@?c?‘&w@ énsa}?&r)a Roge Length sigeg tygh giibe material
sﬁ@t%hhhsoﬂeen refABPEPREm R RibkRite pAbE @ prRfDL! | ON, Snap
di stance, rel ative speeds of substrate nd screen and
squeegee etc) to optimze the print process for

el ectroghe m C %Fﬂd %@ g% ﬁ')&,pr?:ﬁgﬂﬂlpngm ¥ eﬁ gﬁiillg(fi lr(}ileir ?s igse\{\‘t%g between

rranuf ac

Wg%@eﬁﬁﬁ' MmathSQISQfusat schen PEBLEX RAAGIS The Sill®t BN1&Scools the
as I't 1s heated up and placed under tension during

subpéragsy te @dsmpeorpfe pv&uqhtlmgs atrsevestisthe prportiomet éolvent (e-g. water)

i e o R oot TR YRl oF By by BRSt e screen
bgfnﬁk diighby §he Hehieofdh¢ aibsisitat Aoalﬁllenlpetlatm aahettjod dbeappagius
er at s (50-140, degrees c ade) Furt her nor e
g o Ijiﬁ TRpdcRt ISR S g oL {RprFxauele. prone Ghgfled water
tﬁ{)ﬁﬁﬁ R roli&iaviNged tﬂeswéféﬁ§ @ﬁiﬂe&' RASteniRARLRRE aﬂ_ﬁ}gxnnately seven to
substrate has to kept under tension to cont
ningglegraes censigradet amdrthetﬂrenmpg doesam substiatcovat the chllled roller.
whenever the substrate is heated for exanple to dry
the inks after printing, the substrate will stretch
unpr edi Bt 8firthe€ &HbodMBeht O Sriedcht Udleh@di, @rthilled roller, which is

subsequent
cooled internally with water at between seven and nine degrees centigrade is positioned in

front of the print station used to deposit a water based enzyme ink. The chilled roller is
positioned such that the substrate is rolled over the chilled roller immediately after exiting
the drying station for the previous ink deposition, for example, deposition of the electrode
ink.

It will be recognized that equivalent structures may be substituted for the
structures illustrated and described herein and that the described embodiment of the
invention is not the only structure which may be employed to implement the claimed
invention. In addition, it should be understood that every structure described above has a

function and such structure can be referred to as a means for performing that function.
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prints. The size of the imge printed at each print
station is determned by several factors (stenci

W@ 2@e/0400pK vi scosity, relative web and stenci | PEL/GB20IV3/004652
speed and substrate stretch at that point (both
reversible and irreversible stretch) etcThe i mage size
variation 39 WO 2004/ 040005 PCT/ GB2003/ 004652
(between different printing steps) when | ooked at the
end of the process was found to vary. It was
unpredi ct abl e and hi gher than expected significantly
reducing yields. If the msmatch between inage sizes
between | ayers is greater than 300m crons al on

web  (While prefarrsd embpdisngtsoefifbe pusent invsntion hxve gbmé shown and

Ao LB S IR o i SR T Ak ol Rnts are

pro¢RIkd BY vaybfleR g bhlya Nufdtotsiritgiong chtiges el substltutlons will
substrate The roblen1of stretch and tensi on does no

QYA QBT ﬁm@%ﬂaﬂﬁ# mpheat withowy deparing frqm theripygationo It should be
urg e sgcf ! t{ﬂ&t \%1%9% @f{féd&z{i v%:ﬁ) b8fntents ofth 1r§fgﬁt§ﬁ1‘%escnbed herein

ate was trie strate was ea ed
may be eshpl3ed diegnaetangﬁmumganadm has mtmdbé ithrad) thefeowimgtdhems

b roces However , e vali in. inage, size
d%’@mh«gwpg Og Phspasaiion %ghglgﬁlo ng}'?se‘%glgm tl%,]%cope of these
clsﬁﬁsrﬁﬁtthaf gﬁaabmﬁ Bé cadeﬁemaeey ocess is the use of

high tenperatures in a first drier or rather
preconditioned at a sufficiently high tenperature so
that in one exanple, irreversible stretch is

substantially renoved fromthe substrate, prior to an
i mage being printed on the substrate. In a first
processing station in the web machine, a drier bank
heats the substrate up to 160 degrees centigrade. The
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
substrate encounters is the hot plate. This is a

Tefl on coated plate, which [ifts and contacts the
substrate during notion of the web. The heat is

i ntroduced 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
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statistically provided the best dinensional control.
The calculated nean is 160.9C. In Bank 2 hot air is
wo paorodhwerd to the front face of the substrat ePEl/GRB2®81004652
point of 160C with a specification of +/- 4C The
cal culated nean is 161.29C. In Bank 3 hot air is
introduced to the front face of the substrate at a
set point of 160C with a specification of +/- 4C The
cal culated nmean is 161.18C. In Bank 4 hot air is
introduced to the front face of the 40 WD 2004/ 040005
PCT/ GB2003/ 004652 substrate at a set point of 160C
with a specification of +/- 4C. The cal culated nean is
CLAOMBROC. As a result of the web tension and the heat
introduced in the drier, the web substrate is
stretched by approximately 0. 7mm per artwork repeat.
WIHIAT I8 AMEEDfISt he 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
1i rpmeitex] afheanyifaehiringtap ebdctroshepaigalsaasor sewpasing A spesiyate, and at

Len sjnce ch.of rial t h . .
3550 e 65 el bR o AR A S porins
erdasd e bubifratepast firas@a sedond @ifint Statios, & dilih@statial, pesitioned
is inserted between the drying.station_and the

s thsseepmdhe PEBl stationg apd picapling siatio locpied behyqende diyingetation and
. . Li i

CORl Sl pS USRS PPN G106 Sy i

t hhe ifindt peint dtitéons diysrenhe yesan thersubsitatisin thé dryimgstation aond cooling

prevent | fouli.ng of t.he scre by.ink dried by th

Pt banied fub<Tisat o cooling i BOROAILRE S Feeo e s @Ddpe
appRBLiRks s AGCPIEhaH st IR EHSRistdtidMent i on maybe

cool ed by, for exanple, running chilled water through

the roller where the water is chilled to a tenperature
of approximately seven to nine degrees centigrade and

2 A 5 S Y S BB Bt o

I neggent tiyer andahé sdcend Tagtid iethe athéradf anlectrodd gler and a reagent layer.
internally with water at between seven and ni ne
degrees centigrade is positioned in front of the
print station used to deposit a water based enzyne

31 NK meth§a é‘d&blldl.if%io Y bfdcedifig cRAA if WARACHrR\6e hdr AirtHel Brint stations
substrate is rolled over t%e chilled roller .
i rimydiaalrying statior andeassediztigd codlmgdtationdoscanling thef pyintedygubstrate

preyl ous i nk deposition, for exanple, deposition of
t h&“ 8l ect r ode

4. A method according to any preceding claim in which one or more cooling stations

comprises a cooling means over which the substrate is passed.

5. A method according to any preceding claim in which the temperature of the cooling

means is controllable.
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ink. It wll be recognized that equival ent structures
may be substituted for the structures illustrated and
waele®anidoexl herein and that the descri bed enbodP@EGB2@B/004652
the invention is not the only structure which may 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 performng that
function. 41 WD 2004/ 040005 PCT/ GB2003/ 004652 Wile
6 P £ hRIKACa RSB tHBAY Preédih Blaith &S GRichithy &Jdling fdaAYR cooled to a

been shown and described herein, it will be obvious to
t HemperaRire loscer thanithase of thetdizingstasian erasedinggin eoolipg station.
provi ded by way of exanple only. Nunerous variations,
changes, and substitutions will now occur to those
skilled in the art without departing fromthe

7] T efsthaaccdidingfto uhyl ptreeding dizirms i odlichhid cooding muemns cools the
alternatives to the enbodi mepts of the. inventi S
b E Hoh &1 & feHDCRYF Beloshsish 4k humigith eonigntd gk in the
[ :
aor PP prid sl BBl TR bl AL Phsses throuh
stthatgirint swtion.t hi n t he scope of these «clains and their
equi val ents be covered thereby. 42 WO 2004/ 040005
PCT/ GB2003/ 004652 CLAIMS WHAT IS CLAIMED IS: 1. A
met hod of manufacturing an el ectrochem cal sensor

8C ONRfidtBdd&bcardiigas ahfbeclaindld &t 7 il whish tHevembeaytirs of theledoling
printed on the substrate, the nethod caonprisin

t raeansds eonigliable s ps tprcopial the bappaatargpfdhe Wbﬁ%%e lgaping the

se ' -] - dryi ng station, positioned

be %ggﬁﬁ%%§§%§%§%&§$§??§ns, and a cooling station

| ocat ed between the drying station and the second

print station; printing a first |layer on the substrate

as,it js,transported t e first.print statj.on

S s o gy oF i i & b ish Bicp:fh LS the substrate
h@ aBREnCRO LodlEhg thdds BY dontrBHatle B by lc8ntrél thé mperature of the

cooling Station before printing a second |ayer on the

sutbstraie as isdeqves the cpplingpernsed cpaling watiticond pri nt

station.

10. A method according to any of claims 4 to 8 in which the temperature of the substrate
web at a point after cooling is used to control the amount of cooling of a later portion of

the substrate web as it passes over the cooling means.

11. A method according to claim 10 in which the temperature of the substrate is less than

or substantially equal to room temperature.

12. A method according to claim 11 in which the temperature of the substrate is greater
than the dewpoint temperature.
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2. A nethod according to claim in which the first
| ayer is one of an electrode |ayer and a reagent
wo ag0ei04@0%] t he second | ayer is the other of anPCT/GB2003/004652
el ectrode | ayer and a reagent layer. 3. A nethod
according to any preceding claimin which one or nore
further print stations have a drying station and
associ ated cooling station for cooling the printed
substrate web. 4. A nethod according to any preceding
claimin which one or nore cooling stations conprises
18 & QM hADadiBRANS: 18\48Y of\Blafifls 4 BP1 BHBARiERHIR coslimemeatd is Gooled to a
A nmet hod according to any preceding claimin which the
t enppemtwe erovhd pheelewapomdempasalvee. i s control | abl e. 43
WO 2004/ 040005 PCT/ GB2003/ 004652 6. A net hod
according to any preceding claimin which the cooling
neans is cooled to a tenperature | ower than those of
18ha nktiédgecsidig toranp b€ elaithig td eeincwldth thg cobhilg means i¥ cooled to a
A met hod according to an receding claimin which the
c osmipsepture heleweasenngd ke 198Gbstrate web to a
tenperature bel ow which the hunmidity content of the
ink in the subsequent print station remains
substantially the same as the substrate passes through
15hAtmethodicestding orelaifh 14Anmetitlotheaodlorgineapstincautgd ofa temperature
claims 4 to 7 in which the tenperature of the cooling
mediREngd $1e¥ktrol | abl e so as to control the tenperature
of the substrate |leaving the cooling nmeans or cooling
station. 9. A nethod according to any of clains 4 to 8
in which the anount of tine the substrate spends
ladjagethed sdverdingioi any offekuires # $o thimt winich tisl coobng meansocomprises a
control the.temperature of the substrate as is |eaves
th@HIGBSquWS”?EPeth?Q#m%dBP?ﬁ ‘station. 10. A nethod
according to any of clainms 4 to 8 in which the
tenperature of the substrate web at a point after
cooling is used to control the anount of cogling of a .
17afranethort aqcoring to aupof slaas # 4q 16 Wowhigh thercoghing meaps g supplied
t he. ' ans. 11. A nmethod according to claim 10
in%%lfﬁi%gwe?%@%tiénperature of the substrate is | ess than
or substantially equal to roomtenperature.

18. A method according to any of claims 17 in which the flow rate and/or temperature of

the chilled water is controllable so as to control the temperature of the cooling means.

19. A method according to any preceding claim in which a final print station is followed by

a final drying station and, the final drying station is followed by a final cooling station.

20. A method according to any preceding claim in which a first print station prints
electrically conductive ink; a second print station prints insulation ink, a third station

prints reagent ink.

21. A method according to claim 20 in which a fourth print station prints reagent ink.
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12. A nmethod according to claim1l in which the

tenperature of the substrate is greater than the
wa@lenmpoinds t enperature. 44 WO 2004/ 040005 PCT/GB2003/004652

PCT/ GB2003/ 004652 13. A nethod according to any of

claims 4 to 12 in which the cooling neans is cooled to

a tenperature around or bel ow roomtenperature. 14. A

nmet hod according to any of clains 4 to 13 in which the

cooling neans is cooled to a tenperature bel ow around

17 to 19C. 15. A nethod according to claim14 in which

the cooling neans is cooled to a tenperature around 7

to 9C. 16. A nethod according to any of clainms 4 to 15

t i i isted.

7 MR SRS L 0821 S St O e

to any of clains 4 to 16 in which the cooling neans is

supplied wth chilled water. 18. A nethod accordi ng

2|9 0 A oA 5 e DB e spions e

ankOr G Rédters R eHeHubSteat®bperitgleplédhtr6MAUD to 150°C.
19. A nethod according to any preceding claimin which

a final print station is followed by a final drying
station and, the final drying station is followd by a

2 RSB el iy T S B RS o v

elgelof ivad hoatd® At \d@eyiny thd Julsstrale SEeaiih Hatwedn Bbaid 3000 140°C.
prints insulation ink, a third station prints reagent
ink. 21. A nmethod according to claim 20 in which a

fourth print station prints reagent ink. 45 WD

04 icaf\sdHsbt S S&iirate, and
28 48 AR Yol RECH A B SR oot el o TR R £ Mot
oratl deast twetleybrs todi. privtebdrhihed selestrategithe gpparatas yompasiegidriging
claimi.n which.one o re dryin ations haye.one or
PR R BRSPS PP 50 TSRS i B sespre gt atons, a
bedrygRiafibR Poditibed Petwoihe pift stdtidiB! 4HAh @ofiAk diafién,18cated
any” preceding claimin which one or nore dr ¥1| ng
sthetwesndhédrying station and the second print station; and wherein a first layer is
printed on the substrate as it is transported past the first print station, the layer is dried
on the substrate in the drying station and the printed substrate is cooled in the cooling

station before a second layer is printed on the substrate as it is transported past a second

print station.

26. An apparatus according to claim 25 in which the first layer is one of an electrode layer
and a reagent layer and the second layer is the other of an electrode layer and a reagent

layer.

27. An apparatus according to any of claims 25 to 26 in which one or more further print
stations have a drying station and associated cooling station for cooling the printed

substrate web.
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one or nore heaters for drying the substrate operating
bet ween around 50 to 140C. 25. An apparatus for
worewuaodiri ng an el ectrochemi cal sensor conprPGI/GH2@3/004652
substrate, and at |least two layers to be printed on
the substrate, the apparatus conprising driving means
for transporting a web of the substrate past first and
second print stations, a drying station, positioned
between the print stations, and a cooling station,
| ocated between the drying station and the second
2 Wnltpparafilsiabébrdiagdo whe 6E¢18in® X5ith 9 ih fihidh dik orPiidracedling stations
on the substrate as it is_transported past the first
pCPmPrisss atcopking mEans eygehich thy subgiratgis passedks ubst rate in
the drying station and the printed substrate is cool ed
in the cooling station before a second |ayer is
printed on the substrate as it is transported past a
2% ganapparapisiantordingtto any oPdainAR8 spwhich thestespentutt n§thesooling
claim25 in Lch the first layer is one of an
e%??ﬁ&@nﬁf%& and a reagent |ayer and the second
| ayer is the other of an el ectrode | ayer and a reagent
| ayer. 27. An apparatus according to any of clainms 25
to 26 in which one or nore further print stations

3(hdAeappavgtupageerdingitp any ghelaimssiicio 3048 whid) ths godling meaps is cooled

2004 B0 elbB5 s 6 5RIiE SalfiPrreCiliBne cooting sation.

according to any of clainms 25 to 27 in which one or
nore cooling stations conprises a cooling neans over
whi ch the substrate is sse 29. .An .a r at

3 b HOIRIPRGIS A AP EP 2By 3? DS 7500 e iHE e Shipgs cools the
Ofsub it P88 toNBtemFeARG e belowORhitR tHeARinfidity Bontit of the ink in the
apparatus according to any of clainms 28 to 30 in which
t sebsequénit pynhstation temabschibdantialy the samsasdhesubstrgpppsses through
t t.hpose.of the drying station preceding the cooling
SB%#P Pamﬁﬁ? An apparatus according to any of cl ainms
28 to 30 in which the cooling neans cools the
substrate web to a tenperature bel ow which the
hum dity content of the ink ipn the . suhsequent print

3240 mtateATCording f9apx of clarms 28 193 icig gl &eﬁ@anaMe of the

S U35 Hif PBaias 86 JIRbRU NS 16 BtltroPHetbmpératr OB the substrate leaving

the cooling means or cooling station.

33. An apparatus according to any of claims 28 to 32 in which the amount of time the
substrate spends adjacent the cooling means is controllable so as to control the

temperature of the substrate as is leaves the cooling means or cooling station.

34. An apparatus according to any of claims 28 to 33 in which the temperature of the
substrate web at a point after cooling is used to control the amount of cooling of a later

portion of the substrate web as it passes over the cooling means.
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32. An apparatus according to any of clains 28 to 31
in which the tenperature of the cooling neans is
w@emboglobsbl e so as to control the tenperat ur ePCf/GBRE®3/004652
substrate leaving the cooling neans or cooling
station. 33. An apparatus according to any of clains
28 to 32 in which the anount of tine the substrate
spends adj acent the cooling neans is controllable so
as to control the tenperature of the substrate as is
| eaves the cooling neans or cooling station. 34. An
380t e OIS ah§ oR B 281023 vl ch thePBoliflg Wl Ts cooled
the teénperature of the substrate web at a point after
c do hitengparatutesaroundoordishew tlom tegperadanst of cooling of a
| ater portion of the substrate web as it passes over
t he cooling neans. 47 WD 2004/ 040005 PCT/ GB2003/ 004652
35. An apparatus according to any of clainms 28 to 34
36.Appatatiswcoridlgd togmyRd okhims28 i 4ekl widcla theawpHngenss is cooled
around or bel ow roomtenperature. 36. An apparatus
ade aitempryatues bakgw grouwnddi7ie 19%°-t 0 34 in which the
cooling nmeans is cooled to a tenperature bel ow around
17 to 19C. 37. An apparatus according to claim36 in
whi ch the cooling nmeans is cooled to a tenperature
3arAagparattsoac@GidiigBto cdaimedfpiarveticts thecooking mgansas aogledfo a
clainms 28 to %&ﬁin whi ch the cooling nmeans conprises
a tpEperalreyepndAie i ¢he substrate is passed. 39. An
apparatus according to any of clains 28 to 38 in which
the cooling neans is supplied with chilled water. 40.
An apparatus according to any of clains 28 to 39 in
38 ippiaus dcoording ® anydf olaims 2% te} Ainuwkich thet doeling imehes)
water is controllahl. 0 as.tp .control the tenperature
of COPIRESCHH eﬁ&"‘ﬁ@&f@? ﬁ’ﬁf&’sﬂﬁ%&ﬁﬁgﬁsg ‘us according to
any of clains 28 to 40 in which a final print station
is followed by a final drying station and, the fina
drying station is followed by a final _cooling

32+ 4m priwratupaccaydingioanyial gla&ﬁ%% i $yiny whigh theggooling megns is
Z%ubﬂiéd]wftﬁ‘cﬂmk&@a?er.fi rst print station prints

40. An apparatus according to any of claims 28 to 39 in which the flow rate and/or
temperature of the chilled water is controllable so as to control the temperature of the

cooling means.

41. An apparatus according to any of claims 28 to 40 in which a final print station is
followed by a final drying station and, the final drying station is followed by a final

cooling station.

42. An apparatus according to any of claims 25 to 41 in which a first print station prints
electrically conductive ink; a second print station prints insulation ink, a third station

prints reagent ink.
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electrically conductive ink; a second print station
prints insulation ink, a third station prints reagent

WO ndo4/04B03N0 2004/ 040005 PCT/ GB2003/ 004652  43. PEATIGB2003/004652
apparatus according to claim42 in which a fourth
print station prints reagent ink. 44. An apparatus
according to claim42 or 43 in which the inks are
printed in the order |isted. 45. An apparatus
according to any of clainms 25 to 44 in which one or
nore drying stations have one or nore heaters for
drying the substrate operating between around 40 to
150C. 46. An apparatus according to any of clainms 25

43 A RppabatMOACBr e oW ai 2SN WIMEI S FSilrB prtt$tatiod pEin@Reagent ink.
or nore heaters for drying the substrate operating
bet ween around 50 to 140C. 47. An el ectrochem ca
sensor nmade by a nethod according to any of clainms 1

4%.0 pggrgfa%at&sg accoécg?%g)n%lﬁlneﬂ c!roz@*}‘ﬁ%ﬁa& ﬂ%gﬂ?sgé{rﬁ gﬁq%flkﬁg%}‘.@%rder

us accor 0 any of clalns
49isted. met hod substantially as described herein with
reference to and/or as illustrated in the

acconmpanyi ng drawi ngs. 50. An apparatus substantially
as described herein with reference to and/or as

45) AN ghpatdiBSad Brdihd® AGOPCRANY 258 M MNRRE oné 3r more drying stations

have one or more heaters for drying the substrate operating between around 40 to

150°C.

46. An apparatus according to any of claims 25 to 45 in which one or more drying stations
have one or more heaters for drying the substrate operating between around 50 to

140°C.

47. An electrochemical sensor made by a method according to any of claims 1 to 24 or 49.

48. An electrochemical sensor made by an apparatus according to any of claims 25 to 46
or 50.

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

accompanying drawings.

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

the accompanying drawings.
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