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THE I NVENTION Field of the Invention The present
invention relates, in general, to an inproved process
for manufacturing el ectrochem cal sensors and, nore
particularly, to an inproved web rmanufacturing
process wherein a screen printing station is
mai ntai ned at a predeterm ned tenperature and
hum dity | evel during an enzynme printing process.
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to the ultimte function of the device. Further, in

Jpaskerougd RY| lhedBV§Itiolost s and neet demand, it is

i nperative that the el ectrochem cal sensors be

manuf actured at very high speeds and with absol ute
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Ukt Bell. STdelettasdcs aeheatail c6:ft6<$ Ozlith, at least one reagent that reacts with the

analyte (e.g. glucose) in the blood to form an intermediate analyte that may be measured by

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

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

Electrochemical sensors can be used for many applications. In one application,
electrochemical sensor strip are inserted into specially adapted meters for self-monitoring

of glucose or other analytes (such as fructosamine, haematocrit etc) in, for example, blood



dependi ng upon the design of the el ectrochem ca
sensor, the arrangenent of the el ectrodes, the reagent
w@e@d/ozgsoo ot her factors. Many of these appli cap@€DGB2003/004708
and in particular strips for testing glucose, require
sensor |ayouts of a particular size and construction,
where the manufacture is done within particular
tol erances to render the el ectrochem cal sensors
havi ng characteristics which are as predictable and
repeat abl e as possi bl e. The manufacturing process is
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accur%ﬂre %ﬁ?p%z?ﬁﬁlfwlﬁ “E%\é‘é‘?ﬂgﬁe‘é'guy ng very thin inks. For
the thicker inks and greater print thicknesses
requj e ting el ectrochem cal sensors fixed

d en pri
{1 at Manyresinla epsdionbtermanoguiarieryghomical sensors, inchiding

such processes as rotogravure and cylinder screen printing. In rotogravure printing a

cylinder is coated with a covering defining the shape of the feature (e.g. electrodes) to be
printed. Further cylinders may be used to print further films or layers (e.g. enzymes or

insulation layers).

Where an electrochemical sensor is fabricated by rotogravure printing of
electrically conductive ink to form one or more electrodes on a flexible web, which may be
polymeric. High quality print definition is possible using very thin inks. For the thicker

inks and greater print thicknesses required when printing electrochemical sensors fixed flat
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screens have generally been used in single feed fl at

bed printing of electrochem cal sensors. O her
wOoretohosspo i ncl udi ng nmet hods of manufacturing PCT/GB2003/004708

el ectrochem cal sensors using rotating printing

structures have al so been described. In a web

manuf acturing process for el ectrochem cal sensors, a

web of substrate material is passed through a series

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

of material such as, for exanple, electrode material,

is deposited on the substrate or on a pr evi ousl

a@pm hagel gcrsey@ly besniged mcﬁmgéqﬁmé ilat bed patiag et ﬁ@éﬁh@gﬂical
L oces r

SHEAE Doty b el Rl BAnRh5ARTne LGrdthlni Al sensors
@@iﬂg wethiiyeprintthgt®idivkes mk alse Ibe&ﬂ desddlsedl s pus h ed
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el ectrically conductive inks needed to produce the
requi red el ectrode thickness for el ectrochem ca
Sensors ﬁﬁﬁﬁ%&rﬂf&&lﬁﬂ%&h&@ by Ble@RStAb G AR at least a first reagent layer
detection) are particularly Itkely to suffer from
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fs o eyt s iSRS dfinsig setions o otinder screen
\yn’hh StRRGIRO HdwWHSr l(o\eégrsshxr& Yotatiah b eh eed%}}l'inﬂbr) s8d tdinder screen
content and can_be quite viscous) produ
eainting (retaéing peybindricsl wp@%stmcu)/n@thods @ﬁpmntag wﬁ%r drawbacks when

d/I th t
SRffl bl henRORSE ROl ot et oS BRRERTIE iy '8 very thin
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as opposed to conti nuous web arrang
Fesul thetrrasuotion tilnelectrochemical sensor quahty, con31stency 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
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mani pul ate the way the screen interacts with the
w@eooanswe medi um and hence exert influence oPCT/682003/004708

print quality by doing this) is limted because of the

cylindrical nature of the screen. Al so, the variety

of stencils available to achieve the correct ink

t hi ckness for each type of ink (Carbon, silver/silver

chl oride, insulation, enzyne or other reagent |ayer)

is not readily commercially avail able. Electrochem ca
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sensors can be produced in an accurate repeatable

manner so that a user can conpare results fromtine to

time. Shedesireshemigghsanpers dorteitingrtilond gigntesisialgluense gy also be
: flat 0t | .
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t aaikble from KipgaxEHaddasfiadd) UK andRegistelprint,| layndos, 0K) and
ink are sequentially screen printed on to a palyneric
o At inl dnoyh serqeg stracilygailpbls frogeREE Maehingry, Weymouth, UK
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el ectrode layer. Next “"an’insuration in

| gridtedopon. Neistprecesselzgding advaytage thay thie cedsoys @nbgmpeoduckd in an

ma e laid down. Next a second enzyne | r _may be.

B ol neh b B LOTTHRYS TeBey e Mtk dime. Sheets of
Flsitdrate, foPptesatiis loif Strip8 MRk eofBiYe PAséPihfbudA WBverd} flat bed printing

protective filmmay be placed on top of the sensor .
s tages with Bregops pemendicdat tojthgdirersios pE travel ntlp this memafadturing process

v WL ——

O lgratiprof s&l0s SiFipS.tHitsfl$ carbbe stk ey bOlaidddwipt ffM an electrode layer. Next
arranged in_rows 0 to 9 perpendicular to

t he
dPP &sPlagan gk layerary e laidgdovan Hsrt areasendaster.ttrpisalljrenziee ink, may
; _ o i . . i Th
B L T
ebeli¢dowhl Einatly, 4 elrophiliekyeranaybe faid diwm g\ pilosetive film may be

sheet ., may b ni pul at e hand between each st age.
 RESCHLPR FOBLATARE FORPORFAGeRiie PRGk e CHig e Siepainta s and the rows
PhAtD IAdEIRASRAR. 1A ingle RBAE: Hah@Rclufdd RS élx)@lg of 5@6R5E By produce

enzyne i nk) each sheet may be mani pul ate y hand 1 nto
a S80 ot mpte gensdristrepss Bhese sensor strips are arranged in rows 0 to 9 perpendicular to

the direction of travel of the substrate sheet through the flat bed printer (the direction of

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

manipulation steps are time consuming and inefficient.
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that the cutting nay be done along the rows separating
one row of sensor strips from another. Next each row
woreap4t0896p@ni pul ated so as to be cut into 50 seper/aBe003/004708

strips. These manipulation steps are time consum ng

and inefficient. 4 WD 2004/ 039600 PCT/ GB2003/ 004708

Therefore there exists the need for an inproved

process for the manufacture of el ectrochem ca

sensors, and in particular, for the manufacture of

el ectrochem cal sensors for neasurenent of markers in

the body such as in blood or interstitial fluid

(glucose, fructosam ne, haematocrit and so on). There

further exists a need faor a high speed, predictable,
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In do st en
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vvater content of the ink changes during the printing

process . vV
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print definition and a reduction in the anount of ink

| stres Habtherrascositibrepagsdhe same eoushpdt gipriy g This ensures that during
z{'%r?ﬂ E‘l 'a?hduﬁi @ﬂﬂﬁ‘i’mfi a6 %ﬁto' tﬁe El!ﬂﬁtr%riy f:(ﬁfs sﬂarn?. I?the water content
e rochem ca sensors for the detection of

mfahg/inks:haxﬁgms demagrﬂieeprﬁh’ng pme:ess j thislvanl idayl t6 Variadions froEnzyme print.

E‘éﬁégp H%gl }F&‘fg@g} 91 &6182%66@? qaljfgf gﬂ%Eﬁ%gxg%g}%le Sgdntlo the screen

SEEDGBsuMIES B s PrifBdcinitRinSind AQERRXBARY fie aﬁl%ﬁf'@ﬁnk laid onto the
have a very high water content, for exanple, sixty

gabsteate surfdcenot handl ed correctly, such materials may
dry out and clog the screen used in the screen
printing process. If the screen becones cl ogged, the

manuf act The pgeseitefRBtionisihteh@edo? RREEL the Babhfattdfe 6 electrochemical
gr eat expense and | oss of |arge quantities of

righors §r the detggsion of angipes flor exanmple Ghieass iylasdily fluids, for example,
4856 d n[n%u&fﬂmﬂ@ﬂ&ﬁﬂﬁé dec@:%es, it becomes necessary to deposit materials through

a screen where such materials, for example, enzymes, have a very high water content, for

example, sixty percent. If not handled correctly, such materials may dry out and clog the
screen used in the screen printing process. If the screen becomes clogged, the
manufacturing process must be stopped, resulting a great expense and loss of large
quantities of material. It would, therefore, be advantageous to design a web manufacturing
process for use in the manufacture of electrochemical sensors, wherein the high water

content printing materials (i.e. inks) do not dry out in and clog the screen.



process for use in the manufacture of el ectrochem ca
sensors, wherein the high water content printing
woraioe3®mbe (i.e. inks) do not dry out in and cPOUGBR@®3/004708
screen. 5 WD 2004/ 039600 PCT/ GB2003/ 004708 SUMVARY OF
THE I NVENTION I n a web manufacturing process according
to the present invention, the process includes at
| east one print station adapted to print enzynmes on a
novi ng substrate. In one enbodinent, the web
manuf act uri ng process includes continuously noving the
substrate through the process, depositing enzyne ink
onto the substrat eSUMMNARYE e INVENTION process
wherein ink is deposited on a top side of the screen
and f or cech Wt plaghfatieing procsssiecordittgtio thxepresdms invahidon, the process
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eadga b ethdenreiptay-salenrand efghey-eightyeremn c kssfumtheoemdbotiment of the
the present jnvention. ticular, the air

t In. . .
ﬂgfﬁsmlamt@ni» thety émﬂfi;relg?lg? ity 2y beepppnimately eighty-
Rlaf ﬁ%ﬁn@o&%@f&% BERe! ThE HetlkoPoRhEpreb&it WRRHtion may be

appr oxl el ghteen and twenty- two degrees
Gerthérgmpde/ed Byeonirolling bptr the beat andhumidityraé thepapper and lower surface
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TR 5B o5 SR S e SOBE R Fiag B acording to
RHE pR8ént invenBoNelh pfiduld e BT te@paatRe kohevivghityoftth€screen may be
present invention, the process of depositing enzyne
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redet er mned t at.
S BRRRL BT A GBS R pe SRRy gt epporator of
%ﬂﬁd’iﬁihﬁry tfenBrandi fitky-nBROEE hilbeRhPTddobesTentibfade. Further, in a web
W NGS

printing process according to the present invention, the process of depositing enzyme inks

may be improved by cooling the substrate to a predetermined temperature, such as, for

example, approximately eighteen degrees Centigrade prior to the deposition of any ink.
BRIEF DESCRIPTION OF THE DRAWINGS
The novel features of the invention are set forth with particularity in the

appended claims. A better understanding of the features and advantages of the present

invention will be obtained by reference to the following detailed description that sets forth



The novel features of the invention are set forth with
particularity in the appended clains. A better
wapaensteandi ng of the features and advant ages BET/GB2003/004708

present invention will be obtained by reference to
the follow ng detail ed description that sets forth 6
WD 2004/ 039600 PCT/ GB2003/ 004708 illustrative

enbodi ments, in which the principles of the invention

are utilized, and the acconpanying draw ngs of which:
Figure 1 is a schematic diagram depicting 8 sections

of the web printing process. Figure 2Ais a schematic
dlipgrAve deBbEIndAE, tn {rhich thPRthHeLHtkhE BRlchfRParefutilif&, and the
web printing process. Figure is a schematic
cHcagmpanyiegpdrawingy of whiche d, fourth, and fifth sections

of the web printing process. Figure 2Cis a schematic

di agram depi cting a sixth and seventh sections of the
VigBukRI1i 18 histRemAlcAh S5 em depRHUhe 83eétions of EHeaHE printRicH6RER.
depicting a hum d environnent around a fifth and sixth
sections of the web printing. Figure 4 is a bottom

i ot _ L envi . o
A0l I SRR BB by Bt rining
peosgecti ve view of a pipe with perforations. Figure

6 is a schematic diagramdepicting a flood cycle

Figure 7 is a schematic diagram depicting a print

gifi%n% B YW Lhénbtk 8a : :dgfétﬁigqi R A0RGE Rind ARG e&ions of the web

erent squeegee a Frgure 9 I's ‘a schematic

dpraigm@mprokess.ct i ng 2 di fferent squeegee positions.
Figure 10 is a schematic diagram depicting a screen
snap di stance. 7 WD 2004/ 039600 PCT/ GB2003/ 004708

Frigife dik d s%hélﬁa%cﬂh%dﬁxddépi&ﬂi{g%fsiﬁh RAE SQRAIN O IRSS the web printing
zone (211). Figure 12 is an expl oded view of the first

dprpresg. zone (217). Figure 13 is an expl oded view of a

second drying zone (224).

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

sections of the web printing.

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

of the web printing.

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

Figure 6 is a schematic diagram depicting a flood cycle

Figure 7 is a schematic diagram depicting a print cycle

Figure 8 is a schematic diagram depicting 2 different squeegee angles.
Figure 9 is a schematic diagram depicting 2 different squeegee positions.

Figure 10 is a schematic diagram depicting a screen snap distance.
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Figure 14 is an exploded view of a third drying zone
(230). Figure 15 is an exploded view of a fourth
waleopisspeadne (236). Figure 16 is an expl oded RCBGBRG03/a04708
first cleaning unit (204). Figures 17A-17D are views
of an insulation layer to carbon | ayer with proper
registration. Figures 18A-18D are views of an
insulation |ayer to carbon |layer with inproper
regi stration when the artwork resulting fromthe
screen 301 is stretched. Figures 19A-19D are views of
an insulation |layer to carbon |ayer with inproper
regi stration when the art work from screen 301 has not
tretched. Figyres. 20A-20D are. schemat i i agr ans
<okl g0 R e e o Agio Gt 631 Dr gt ot rat i on
of the web using a first view guide for visual
i nspection during an initial registration process.
Figgre 2 i3 an ekploded wigwmiltke Hfst drydngizane (3HBet with a
first and second web view guides; first, second,
third and fourth Y registration marks; and X
FREteY ialah @RplBEk Siewrd fGilbcCondlBying Zdhe emlé.oded vi ew of
one row within a sensor sheet with a carbon X
registration mark. 8 WD 2004/ 039600 PCT/ GB2003/ 004708
' - ] ' row wthin a
E@Eﬁ%ﬁé%@gf‘ b %d?cﬂvgwf%gﬁggtﬁhgﬁé %gneﬂgg?)ét ration mark
over coating a carbon X registration mark. Figure 22
s a schematic djagramof paraneters X_ Y, and O used
Figureolh 'S 0B cxpIRded ™ G tiTth GpRBeess (3BETAl L ED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS OF THE
I NVENTION Figure 1 is a schematic diagram depicting 8
Beutd s anfexplodedveiowpdiarfirshgjepringesis(28dyor di ng to t he
present invention. Section 1 is an unwi nder unit 101.
Section 2 is a pre- conditioning station 102. Section
Bigufesa 7081 AP BrePibwd oSdrAink@lRti IRy er3s Chitefl 14yel Vil proper registration.
insulation print station 104. Section 5 is a first
enzyme print station 105. Section 6 is a second

TR ) AL 0B 3051 08 bR LS
tugistratisie whin tHeegltwork rdsaltmitfrdnh @ite sohdeh 801 hestietdhe@W Ng
description relates to

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

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

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

registration process.

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

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

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

registration mark.



a process and apparatus concerning these 8 sections,

the process and apparatus of the invention can be
we@pdvaasmwoo i n greater or fewer nunbers of sectiPCEGBE®B/004708

exanple while 4 print stations are envisaged in this

enbodi nent, one or nore print stations could be used

W t hout departing fromthe scope of the invention. In

one enbodi nent there are a mninmum of two print

stations for printing an el ectrode |ayer and a reagent

| ayer. In one enbodi nent of the present invention,

Section 1 nmay be inplenented wusing a substrate

Rigee2aC iy m;gﬂow Ve QF ofielfdWw Hethinf PdenSorHMBtSyittPan insulation X

Martin  Unwi nder/Automatic Splice which is avail able

fregipralionmark AyeeaRting acadondaregiséiRtion ark. | L. In this

enbodi nent of the invention, Sections 2, 3, 4, 5 and

6, may be inplenmented wusing a nodified Kammann

Frigit ap is sbdheatis diighinh aDp&rameRB XEY @i 0<ad8dRs Fegister the web

Maschi nef abri k Grbh, nodel nunber 4.61.35, in Bilnde,

OEHAEPIOCESF- t hi s enmbodi ment  of the invention, Section

2 may be pre-conditioning unit 102. Pre-conditioning

unit 102 rmay be used to precondition substrate 242

pr i orDEDAHIEID DESCRIRTIONOF ShSUSTRATTSEREMBODIMIEN DS OF THE

used to screen print carbon, insulation, first enzyne

and second enzynme i nks ont SNVENTK®Nr at e 242, Secti on

7nayingt%§6e SN ; U . r@ﬁ(‘g%! e

a Marti nFi ew} %derc?ig%%til% aéréﬁgé??#glgl%%?trl%{}no rtin ﬁ rnting process
Agcadagite theqresenhinRentkdo rSection 1 isSectriwind&: umityl 019 Sé@ion 2 is a pre-
2004./.039600 ..PCT/.GB2003/ Q04708 . incl ude.a punch 108 . . )
SReHRgnERRHoR 0f s Setion s adarbpnct s 4L Skelipp 4 an insulation
TorRERAGE P04. RiRE8n 5iida ERAS i d ’

T 104, hoeton Side B F‘?‘%ﬁ??? igdél%ﬁ&oqgeie’éc@fﬁ% a second

Sppanapist siationnkdet iSeelien 7 istroswipleevnis 107. Seupian Stisis pregh 108. It

8 SRR VA AR i
\al prbcdse anthatfia sl @0 nbdninpahese ek ti@d, the ptdRsdrd apparatus of the

Fi gures 2A, 2B and 2C are schematic di agrans )
inyspéiep 52 bgembrdighingrgatenenfsyerumbersiof sestions. Fis sxample while 4

ngi(E:l@ H9fonseed LRRSigda fh @ls GnWBmBi Gid &%&reg)gﬁgﬁt%%%ﬂs could be used

ording to the present 1invention. I'n o
ofitholueddpantany firam the dveperaf teiimbentiordidf @re emboslimaitehcrd dre a

may. be ol yester terial (trade name Melinex (r
ﬁé&%‘j‘? oM@ RSt Forc g gﬁf%ﬁﬁ?‘iﬁﬁ%ﬂé‘ﬂ ja TRagent fw.er-
Substrate 242 is supplied in a roll of material, which

maybe, for exanple, nonminally 350 mcrons thick by
370mm wi Heorgrembwdpnent of €8present ingaggidn, Sddtiead may be implemented

using a substrate material unwind unit 101 such as, for example, a Martin
Unwinder/Automatic Splice which is available from Martin Automatic Inc. in Rockford,
IL. In this embodiment of the invention, Sections 2, 3, 4, 5 and 6, may be implemented
using a modified Kammann Printer, which is available from Werner Kammann
Maschinefabrik Gmbh, model number 4.61.35, in Biinde, Germany. In this embodiment
of the invention, Section 2 may be pre-conditioning unit 102. Pre-conditioning unit 102
may be used to precondition substrate 242 prior to printing and sections 3, 4, 5 and 6 may
be used to screen print carbon, insulation, first enzyme and second enzyme inks onto a
substrate 242. Section 7 may include rewinder unit 107 such as, for example, a Martin
Rewinder, which is available from Martin Automatic Inc. in Rockford, IL. Section 8 may
9



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

be particularly suitable for the production of
web@enswehem cal sensors by flat screen printiPQI/GB2@3/004708

web of substrate. This is because of the requirenent

for the material to be robust for printing yet

mani pul abl e through the apparatus and of sufficient

wi dth to accommopdate a suitable quantity of sensors

to render the process conmercially viable. Substrate

242 may include an acrylic coating applied to one or

both sides to i nprove ink adhesion. Polyester is a

Anelfids & pohdheti08rsuel as, fncxumld, & PERbvash Whichsé akiilable!fom Preco
at el evated tenperatures and tensions used during the

weBss: Brlgwesa Kewearatimeslel pumnher 2&%&%@1‘ KWIRCTUAE. Wiileespecific

i
T e S T
aépled:ddemdhmk)ﬂnttéd aitagathebmthart\depﬁgﬁg filoyh thb esepeIf Iﬂhd mden’uon as

he rt fr he tion provided herein.
Mﬁ‘& Lop Sgé't{‘%sleﬁgﬁlsea @It yariations in material

t hi ckness wi dth and I ength can be envisaged, a | arger
wi dt h or Iength of fering additional capacity for the
product i Btgutﬁs 240 ABomd 24hare schematigtdiagnamsillustatirg the path of substrate

S T SR T T N—-————

dnvenéibal eshecenitudiimemtofdie InRentRmeaRHMatbril 8¢d R suH%Erhtéf242 may be
to enterin carbon pri nt stati on 103, substrate 2

iagpobygstes srtarisl Q?faﬁiéMtM@iﬂ%&STé%)pr@éssmawfammil hygDuPont
tll% 1n ﬂﬁﬁt g@i%s‘tarafé&&q% g’lﬁ)?)rhgd W 4 Retis rg%tgliuﬁa\?hlc@ qu afog example,

|cant ensi on and ensur

Mﬁnmlbe‘inenmﬁms nhiok by Bvoknmﬁneana lapstios 1 650 ﬁneﬁgth | Mhese
e web printj ng process. where tenperatures

RS A ISk SOV hasischeen @lws t@ be m@@cwa?wmtﬁble for the
%?&Riéﬂt)ﬁ’ [)F“Siect;rdéﬁlﬂ:ﬁiﬁ:|a%K Yenb&IS bl HABLL x t:c:u epl st ugg %§ (?twv%nof substrate. This is

mnimal, just to sufficient'to
Docase 3Hthe BeqRirENEBRRD B4R tobe botst fou ghintiheydteadnyulable

SRR s st ppd LBl ol reoimmmpaiypesiiguantit of sensors

fté edidpr the r(ﬁk%lzohﬁn&biaﬂﬁf vEdb&E) SEBdra@ T4 mﬁf‘ﬁﬁlﬂ@l@ aR ABSAE coating
failure. Thus, &gecondl tioning step been

|am>lmside@@s oF hebgides & I;nmpwamkt ‘pﬁmmtli’qigeste&ss apteferted material

s ec éI: g%q.hé‘{%% EA&%{%@{I}’ at @e‘lt’ sngt%r i CI??%IF %) ﬁ‘b‘&ﬂﬁ?‘a flring the web

(procebcaicbydidgio the pgsam irelentibrd TWaily pbBRREF zﬁ{dbih@eddlMehnex are the
encoun{iers during the _|ater ﬁrl nting steps. In one

predeasd Bategalsdny Pie Fmbedimeniashe txventian, Blosise leé pthetmaigrials can be
CRNSASA bythodiskMeliYn ﬁ{e%ggexé@?é\aesgﬁéﬁ&%ggﬁdgd hef‘rel (ndeed, amongst

precondi tioning step In t
othepilnags, variaionp irmatedil thivkhéerg, width pldlehsty cante E:nwsaged a larger

tensi on has greatly.reduced th
width or leng%l offering ad%ﬁwnaijcapamty f%r the production of sensors and a variation in

—

material thickness in some circumstances aiding the preconditioning, or registration during
printing. In a preferred embodiment of the present invention, prior to entering carbon
print station 103, substrate 242 is exposed to a heat stabilization process, by heating the
substrate up to 185 °C without placing it under significant tension to try and ensure that
substrate 242 experiences minimum dimensional distortion during the web printing process
where temperatures of between 140 and 160°C at tensions up to 165 N may be

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

10



variations in print registration and inproved the
resul tant product yield. In one enbodinent of the

WO pwensdeon, rolls of substrate 242 are spli cedP@DGBRIVSI004708
in either unwinder wunit 101 or rew nder unit 107
usi ng splicing tape such as, for exanple, PS-1
Splicing Flat- back Paper Tape from Intertape Pol yner
Group. Figure 2A is a schematic diagram depicti ng
section 1 and section 2 of a web printing process
according to one enbodi nent of the present invention.
In Figure 2A, section 1 is an unwi nder unit 101.
Webvitlrdegh thua ihtatéd) Howevky) ddms beersfound that dedplie tisehen skabilization
arbor 201, first splice.unit 202, and first .
BrOctuY At P iyesisiatgnyfions point steRfoprEK, siepican pecur causing sensor

ERREL TTHAE ia‘lﬂec%ﬁlﬁ%tioﬁﬂlg]s@% has {B@érpﬁﬁghﬁéeg %Fﬁgglttél}% .gﬂgrntﬂ)tqﬁ'inting. As

i ncludes first cleaning unit 204, second
wilbbekkpldined héremhftr, insthn ptecosditioning btep (sbctiop 1) th kebstrate is heated

S tretrerre (SpGay 7 Y atGahinahambSatustg chponshets during the
Thtdr hinBOER Stepd In oh&plof@re@rdatsdidmRe: 1R subifatd R eBPunder tension

illustrated in thyre 2A, unwi nder unit 101 <consSists

Gwpicalbr arewadd6BY) durive this pragepdifiering sep.o fralepd irghisi epgbodiment, the

Lch . I e. t cont.i nuous vement
Sihialhan SiECs e Ay b B Bind i ReE R TR Bl 5 e
variteiongin prén ségistration apd ivpiored gleyesdlbht C?Md] gRId. URidne
10&9ﬁg¥ include a first unw nd arbor 200 and a second ‘
EmpdHeent efdhe mysntiog rells i subsimstetBore snlived tagstheein either unwinder
o 501 8%l it TBTEKiRE splichid Ghe WYsS ToPLRR!NER-1 Splcing Flat-
baktRapeclgleyfrdre dasrtapp Rudymert @Grodg2 i nt o
pre-conditioning station 102 of section 2. Second
unwi nd arbor 201 holds a standby roll of substrate

242, wWhirghurk 9 A8 QBRI AR diygﬁﬁldbﬁﬁgné &clibf 1604 s%igh B fa web

roll of Substrate 242 fromfirst unw nd arbor
prsting prgcess seavrding ta ¢nruenkpdisuerplof thefpresshbinventon. Id Figure 24,

L: ' I OCEeSS (kepeats from.first wi.nd
0ty 5900 DU AR B T i B 08390, scona
H6d 2832 Giost/splicerihic 20204nd firss addainubii@ 208! @4 Fithure 2A, section 2 is pre-
accunul ator 203 stores a predeterm ned | ength of )
Qndaiqming:Station 193, PPrgicepdifionins Stationt 192 derhades firstpleanmgamit 204,
. ) ey . i y -
LRI ARSOS ARIAR ALY L3O R, RSy AL AL Sond cteaing
umit 207 0&ad(cetil 1208 gfinshprirt roflere0bofist ddives foll615110 andviirfilirier zone 211.
arbor 200 and second unwi nd arbor 201 are stationary).
The splice created is a butt splice with a length of

SO U G 5l AL g A o i 101
esfusistsi oft fod exarheley aMertiaynivinddi/Aotndtid Splitdrehichiisiesedfto facilitate
Eh@: Tontinuous movement of substrate 242 into pre-conditioning station 102 under a

tension of approximately 8ON. Unwinder unit 101 may include a first unwind arbor 200
and a second unwind arbor 201. Note that an arbor can also be referred to as a mandrel.
First unwind arbor 200 holds a roll of substrate material 242 and continuously feeds
substrate 242 into pre-conditioning station 102 of section 2. Second unwind arbor 201
holds a standby roll of substrate 242, which is automatically spliced to the end of the roll of
substrate 242 from first unwind arbor 200 ensuring a semi-continuous supply of substrate

242. This continuous process repeats from first unwind arbor 200 to second unwind arbor

11



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

201 includes web edge guides (not shown) which guide
wGaaiwegnsmde 242 into first splice unit 202. TheP@EGB2w@3®04708

gui des are adapted to prevent substrate 242 from

wandering as it is being fed into first splice unit

202. Typically the nmachine of the invention is set up

to produce between 2 and 10 and nore usually 6 rolls

of substrate at any one tinme. For those print stations

connected to a continuous supply of ink, the nunber

of rolls to be used is not usually a problem However,

F0ar AtdaBstiat®@manziihiccpmiulitorsiOatstaress predetetmiogd kengihrrifisulstrate 242

a?lgoégsnpteggeg rﬁlllqn%?ltsgﬁﬂ%%% in{g&?fﬁ%&{@ﬁ&ﬁp& gt&é‘g‘ll k(ZZeE)P se@gon 2 while
Y g&%{mﬁé@’rﬁmﬁﬁk& spﬁ@cetiﬁ @itk sHIBLCATAN J0R Y dirie: WHRH fimcBoth the first
Nk p on the

creen prior to start of the .

Wiwind aftgr pOO amb secofbunwiad aryir 201 ere watenen)) Tha pplice oreated is a butt
rat her,j ust re.than 6) rolls . worth yr r
s st afgmethar i arpesn Gt §o¥ REbE pier T AVER iRt Blofder o
' 18 apRbkinfhdly 20RnE Rintclubstratdi@ag be Hiveardek cither side of the
needs to be kept in readiness for printing {hrouggo%%: .
spflice.pFirstrunwind adbor2@Qans scepnsl wivend aphor 201 mgluges W gge guides

ver, th le..lLif [ | I ;
GREnarate: St SBofus P (R chilh wfh W, THERRIEER uides ae
hdpRiasy geev%ﬁﬁdubatr@;a P2 Gosnwamiering bs s lesimg/fed itlokirstaaplice unit 202.
be added to the screen without requiring the screen to
be topped up during a run and al so reducing the risk

of the eﬂ% ey'@&g&ﬁﬁé %Pq% rehfifn RGEEH oFREIRBberwdRE 2 and 10

web subs running below it.) I'n one énbodi ment of
lempressanlly & polisndfisobstrateiitsiny abe tig2Forghoss| pifing slgtpnseconnected to a

bentaraRs S Rk b et B pogret gt BaRY REFem. However,

. BlaG&hd, Yo WhRh RNinited Beudt 6Bink @Nsupplied, the number
%%f@?gﬁ%éﬁ%@% OOn)é The()substrate 242 is al so

ofifyjlB¢o belused iy an inpertant input parametst.ondgeroe gpmpeef rplls to be used
rder.to_ dry the ..printed inks [ Lot s

S e B o i e £ Pl pross.
RearfipletfeNEIE RSV Db (Siubsier RkEmaredhirns)solietvolth of ewzypanidk are placed
during the process and consequently fall 12 (Y%) ink
200l FrEBTPEThesEINd TLRg s cas)od sertiops and 6. Thus, the enzyme 1
regi strati . ' - stent
GERIT BT AR pr B RERAERA T o s
fokiRtih® o Périzynerover the willé lifesofithd frimt remed pril has been placed about the
itself was unpredictable and hj Eer han coul k%e ik
tspice i (ha. coppine MEMEHBRRIS 1R ABSUBS TR SYHTiGER: figiuat of enzyme ink can

el 43Ed RUBYsdrBord WAHGR réfiritebbs@Rertto B t8pp¥idap during a run and also
reducing the risk of the enzyme ink overflowing the screen and onto the web substrate

running below it.)

In one embodiment of the present invention, substrate 242 is held under a
tension of approximately 165N throughout the process in order to maintain registration of
the four layers to be printed (typically the print registration tolerance is 300pm). The
substrate 242 is also subjected to various temperatures of 140°C or less in order to dry the
printed inks during each printing step. Due to this tension and temperature, there may bea

tendency for substrate 242 to stretch or expand during the process and consequently fall

12



conditioning station 102. Pre-conditioning occurs

before any inage is printed onto the substrate.
wEansnsmde 242 is pre-conditioned to reduce theCEHGBWE/004708

of expansion and stretch wthin subsequent sections

of the web process and also to aid the registration of

substrate 242 through sections 3-6. Preconditioning

station can heat substrate 242 to a tenperature,

whi ch is not exceeded in the subsequent print steps.

Typically this takes place under tension of between

150 and 180N nore typically around 165N. However, in

uedidethe r@fiftgionesltrafts Indued ithd @iige gizs vatiativh fiéd pﬁlﬁﬂstage to print

heat substrate 242 to a tenperature sufficient

to
istag6wad prat Tunte pepkiup|as wellrastwithin theprint pan itsglfavasampredictable and
e under tension as described
g%%{ réq%¥§%§$ %%ent of the invention, the
substrate i's heated to approximtely 16OC in the

(lcil)ret(:);::)IndI ip %eﬁﬂ%géone t%%eé%%gﬂl sggga at & Se[:rt?(gn 2 is a pre-

%@ﬁbﬁ?@tstﬁontlbﬁ Pf@é&f@ﬁttdrﬂ’{§6‘(§chps_rbef&9%n§ 1§ Hhfed onto the
to which™ substrate 242 is heated in pre-ctonditioning

suhm-m J@strate 243ts prstcopditioncdtoreduaiithe agours o sepmrewn and stretch

Ces&l%stegbeglt S gt%éﬁt%r wzeﬁrﬂreﬁg lﬁt}(ﬂ%gcg@%gg ﬁ;ﬁgeglgttration of substrate
mmgﬁ Sedtidhs Bl PRdchbAditibMink 8af6A caRGAesibdRate Q42 to a temperature,
stretching caused by the process of pre-conditioning

swhich irnot gzeagged indhp pibseaicahpant stepsi Typheally thistajes place under
SRR ASRE AR R BT, kel Bnone

Ceabdden @it Pe-esmitiGiahg stelitie  02peundivat ibstratan42 fed %ﬁq{eﬁtture sufficient
be varied at each print station to accommudate

VR FFIEPYShe ieversble ssrtfb figm sibstrate 862»@@@@%@@31&%&@& tension
Q@s ng.&elatrve speed of the screen and the web.
ver eless, thereis alimt to the anount of inmage

size wvariation that can be accorrrmdat ed It IS

therefor efe e reco dit'
descri b e a‘ﬁ‘@ﬂ }ixg @ tro approx1mately

| 150PE@ ﬁ?&e%&oﬁ&ﬁ@% BQQII’&WHJ&{ isQHusltt‘atedﬁﬁhQ)ré ga4R i 1n Figure 11. As
si ze increase 2004/ 339600 PCT/ GB2003/ 004708 I n

arplanadaborenn oné embedimentefithe pmgmmlwntton the temperature to which

pr -condj g i nrn stat|o 102 al es addi t i .
SRBREAT 22 Rabe bR R oRBn R B B FrpPburing
FH&BMhelﬁﬁﬁécéHsslﬂgloﬁubs@aﬁéﬂhZ rtﬁauﬂiagtsulssrquerﬁ d86es Steps. Subsequent
according to the present invention.

(B PEISETSER By sgmipARsate fppthe stlgbthélaageé ipgge duedo sirelghing gaused by
%{e %rrcbceﬁ Jf'p?é—tzorﬁilt?(ﬁ'ﬁﬁggaﬁ(gﬂ IOZZthh% rf)goﬁsﬁl? &P4 Ql@lt@%tpg&gstencﬂ

screen size (typically 750pm in the direction of travel of the web). The provision of new

screens can be problematical. Other parameters can therefore be varied at each print station
to accommodate a variation in image size without replacing the screen, such as the relative
speed of the screen and the web. Nevertheless, there is a limit to the amount of image size
variation that can be accommodated. It is therefore preferable to precondition the substrate
as described herein reducing the overall image size increase and reducing the variation in

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

242. First cleaning unit 204 and second cleaning unit
WQW4403%0¢ acky adhesive coated rollers to renoREr/GB2003/004708

particul ates fromsubstrate 242 prior to any printing

step. First cleaning unit 204 maybe, for exanple, a

cl eaner commercially avail able from KSM Wb C eaners,

nodel number WASP400, in d asgow, United Ki ngdom

Second cl eaning unit 207, for exanple, a cleaner

commercially available from Teknek. Pre-conditioning

station 102 further includes inbound nip roller 206

and a | ppghec@hbod@8nt dfMROpraSEND hﬁ/eﬁ@d)ﬂ -e&ﬁm@umgsﬁalon 102 also

to control the tension of substrate 24 specifically

tindudesradidiionplealoaenis.i wissunerformpiunstionsy w agilitate proper operation of
| Iu&ﬁ%o gguﬂ&tﬂnﬁgh{o%r s2a%§g>rdm|% ? ét']}g}g% H}\)’eﬁdl&}eglgﬁ)gg e{n?dltlonmg unit

V|a ac syste
208, thefoLdrs twaiveb Zrmeng mﬁﬁcmdadt tlearmsemioPOH anrtzyseeond cleaning unit
prlnt station 106 up ct.ion at a_con tan rate,

75%% dﬁfﬂbﬂ]‘eépﬂ’ & rSI(E%%f&pubg:rqte Igs %4 and second
i &elﬁ‘ﬁr e glﬁ@t 69%@&1@&&%&@1&5 %&ﬂm g)aitﬁﬁga%es from substrate

process according t
PHegeivr to arrmamnngrstepl Hicticldaming unid P04 mag ®6, fadexmne; & ceaner

eed in.orde l.the.tension.,at a .
PR AGIobls FB AN, ek Cisetas. Land opdibe: WASR499, in Glasgow,
| UnifediCidg H&Huﬁé&iddrdlélﬂl BEEX, f(ﬁf‘éﬁ%ﬂlenﬂ cfe@nérh:@nunermally available
present |nvent|on woul d be ap rOX|nat%hy 150N to 180N

aﬁmn ﬁ@k@ek dpecondibaning stagon 102 furteninclydes kibound nip roller 206 and a

SRECQTE OGRS K 2 PERERY EBE B il
a(ﬁgtecmuy@lﬁb fen€ibn bérweeh nibbuﬂd hmonémdmmﬂd ﬂﬁ) rfoller 238).
present inventiaon. In Figure 2B, section

dabornd mp rofler 2Pais livked yin a ppytepl systerp (mqttsm\gn)(ta load cell 208,
%\}ﬁ) btg §4§ 31’331%%&? ’gjoﬁlsgeg!)llm% S/ﬁlt\é gnggtl)a&ox{ {68 dégﬁ?&m at a constant

I ch cleans and un
aﬁtetHyeowl;bdnmﬂrrm »lies 23 hoad/@ﬁlﬂﬂ&dectmmsmeaspsetse:h@ tehkien of

bru d vacuum st 251 .and bottom brush and
SHTH 2D PR SEHORIE hroRBR e B EcaR SRR b hedient
tlh%*'e?{ﬁoﬁn %B(ﬁﬁ& WP et QM‘a(gést 1ts %Qa@& ACbrelet tlaecoﬁ‘&glsthé &nSion at a

|rrmed|ate prior to the chil ol ler 212 and
sepp@nhind Wplsaltsubstmtme&on e wek isnefagviing process

s‘" “’*gt PR iSO gl RS TEER AN 1o TR0 and more

| speEidcat 391 60Nefot 0N, e ths b s inenteké tehsioR§s approximatelyl1 65N.
pre-conditioning wunit 102. Carbon print station 103

i ncludes first chilled roller 212, second accunul at or

14 \WO 20%%\19? gg g%) Ewline 99%4 %%gtlg%s?éb 18 3 ds%?t\l/cg{ 4 Bd section 5 of

roller vision se ond
reowtle pridiig process cabidiag ta ﬂfeq)resent invention. In Figure 2B, section 3 is

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

unit 102. Carbon print station 103 includes first chilled roller 212, second accumulator
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217 and second chilled roller 218. In the enbodi nent
of the invention illustrated in Figure 2B, section 4
WO g00uf3%b@t i on print station 104. Insul ati on pPCTIGB2003/004708
station 104 includes third chilled roller 219, third
accumul ator 220, third print roller 221, second vision
sensor 222, first Y registration system (not shown)
at position 237A, third drive roller 223 and second
drier zone 224. In Figure 2B, section 5 is first
enzynme print station 105. First enzyne print station
105 includes fourth chilled roller 225, fourth
2L3; weaohd ipoint 12>?16r 2 fzb lﬁl‘$thli$l01h sensor 25, sgcoB@ drive i'dlllenl216 first drier zone

zg'};@ Sﬁsan@ rollelf O{}% t%(q {315 (ﬁ@?ﬁ% L %gert Son I)tIHP§tléflted in Figure

98] REHAPD B 183 Batid prdnt @fa%ﬁqm aﬁgaraﬁbﬂ ?nﬁpsﬁtnﬁ 1048580des third
|nvent|on section 3 of the web manu acturlng process

clallodhendler 214, i mmmi&li@f 224 thirdpring eollep22 bsgeand, vigign sensor 222,

PR 555 s PGP B L BBl s

ddiéhout 206 prFlgﬂ@ :zIB @a@tidnes is Mt gehidhe print sltz&mlnrl@ad &bt enzyme
context. For exanp arbon prints

may
prBhsttion 109 lmlede@ rfo‘#ﬂi @“B?‘I mH@r W3 Howth wﬁlm«uam 226, fourth print -
I I I

g&gfegbb‘f ‘EmP?h‘sigﬁ s@ﬁ Sor ézg%, s\égirfds‘y réﬁ%tra%h%gét%ﬁ At?g\zﬁ (not shown),

ﬁhﬁ@kﬁm@@uﬂ@ﬂﬂ@anmﬂnhah&hebht@mhenlcal sensors. The

i nsul ati on and reagent |layers may also be varied in

their conposition, order of deposition, thickness of

deposi ti 8 5

appar entlﬁt@l &%Sig%gﬁlhll ed }éﬁ%sg@%gﬁhﬁ? Ir] [)%Etl&% e
srbolictweng rocdessis mlb@bahmmmdgrtalsas @ldcen OF coure; as will be

Aabrenated by dipsr Bl b e et EOER R YRS G DT rRRpFcsies can be

We(ﬂﬁltlﬂfdt a&,?zaﬁltmg ﬁmeth@ ﬂlv%ﬁﬁ&?ﬂl ltdmrbmdsmnt&h Fobagdiple, two
nponents of the carbon print station 103 are

pmbg@; prigts aeryibe IIIIJY}d?‘b@r @ne cerrmorfz pripts it earben with metallic particles,

§1Wretr ?Jveer cho %o%] ﬁﬁﬁdﬂ%ﬁa&?ov\er %{I?«%?Jé? 8? Prowde an

I nventi on |n

8l3irodw laydr ifi CHel tﬁécﬁ@@ﬁbmﬁalf defiguds. bTheRstlefion amdsgaugmgRgers may also
hol der, . 605 and a,squeegee 6..1n carbon print_.
be yenshin fheir compas{tiqne Py &POF@%M%PEH?PQSSIO%‘M layout as

ofl-as gﬂ)ﬁ@ln% n%?lfﬂsefess ga&ﬁf]ﬁrtﬁl)geyskﬁi gtm AR ﬁ&ﬁgﬁ@é}n%ents

typic arrange to provi
de@dbéd/herem thh eecmon\Bo the cdaminragtivorCéortthe ellecﬂ(oqhsmmabi;ansazts
tot h and ,pus t hrough it durl

Gl EoTH e YOL R U PR e hitHipidg soreen-

9% 19, The bhdidtod ?&E&%’ts@&f thD6ar¥6h Pkt Rftiochn®3 'af%(ﬂl(lEtht@d inFigures 6

espeCIaIIy true Tor the enzyme print steps in
and 7 oln particylar aswitdhde priatcstationi agepriling te the presept mﬁcntromncludes a

is ech Mﬁl ll de ) {~otll%r 38§1 pnn'teroslfer 88(51 f}ood blade 603, a squeegee holder
605 and a squeegee 606. In carbon print station 103, print roller 600 is second print roller
214. Screen 301 is of generally flat construction and typically comprises a mesh arranged
to provide a negative of the artwork desired. Carbon ink is applied to the mesh and pushed
through it during printing. At this stage the flat screen may be deformed slightly out of a
flat shape by the weight of the ink (this is especially true for the enzyme print steps in

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

15



WO 2004/ 039600 PCT/ GB2003/ 004708 at the start of the
print run) and the pressure fromthe squeegee pushing
w0 ba4iosteod hr ough the mnesh stencil. In a fl oodPClCB2003/004708
process in accordance wth the present invention,
screen 301 is charged with ink 604 by novi ng squeegee
606, flood bl ade 603, print roller 600, and | ower
print roller 303, in first direction 608 which
corresponds to the web novenent of substrate 242.
Screen 301 is noved in second direction 607 opposite
to first direction 608 of substrate 242 for the flood
atytht stavttod itlee pnk réit)anid she presyediframtthe spirecegse paSling e iak through the
subsequent print cycle process in accordance with the
B @ﬁ?mﬂnvention, as illustrated in Figure 7,
squeegee 606 transfers ink 604 through the screen 301
and onto substrate 242. During the print cycle, the
squeegedn@inodfdyclegrotessim ®0Gdape with thelpresentG@oentioanstreen 301 is

LB, Pl i S P72 P, oo BEAR R RE R 60, and tower
gﬁbﬁbﬂ_&t 3032 #Pfirsbeir€%ion 308 whicHBoREpdrds td the twebi th¥dm e of substrate
08 which corresponds to the web novenent of

b sPeraee3 Pgis mayied fim gecpnd Airectipn| 687 wpesiteito kirs ire¢tipn 608 of
. i t
SiBHEG 22 T M2 1S EESE w0 B SRR RRI PR SBRYoL7L

in the sane direction as the web substrate at the sane

or very near|y the sane ipeed as the substrate. The, .
screen 382 SU8sequppaint pYale processin apropdagee wahtheprepent ifyention, as

: oYL i
5@8&%%% g{mFil%res‘fl I‘éé = eD¥0d BEnRIYRRIRA tﬁt%@ﬁlg AL, 365 and onto

y distorted as this ppens an
sulistrata242 aDuyingéhepmitreyclepthe sqeeeged @6 bod hiade 603)geint roller 600,
r enoved.

th 606..J T, 01 .th .
oS R B RESRL SN Poerorstreston0Lubih is paposite q the web
hoveRkaadedbittatd R 4Nk cr&B 401 2V vEPH frSEdiReHbn BOHS Gﬂﬁcﬁecorresponds

cycle. \Wen the ink is |oaded onto the screen 301 t
{oethg mteb ragvenieat phiubaisate 842 fordlee piintghicleywhsemink 684 is pushed through

. ' angl.e to th
S RSB0 608 Bl 2, B R S gt pgeeen o
proved inghabdnandirddiios a8 tHeandesiBRkaté hithe 846¢ 6r vdd§inb&Hy the same speed
typically around 10 to 30 degrees and nore . L
%@e iSPab%fétq & FEEeS Y5t gult y flatywhenat gest altheughdn yee it is

r . - Dr .

BE ) Bk a0 bt U BRI Bfls is nppcns
swhbsibstan@albnghening do 8 sgeivh ghape once thenqiicegse0@E3eemoved. The

di st e squeegege to print roller position, sna L
HiTei{H dhen BYOXE Wb pRRoELe Brecionds srsBbamie S Barloadks with ink
SOH RGP PorRhERSY pEnEARI1A| WhBE S Hislifade@Bhfddthe 8%en 301 the weight
optimze the resultant print definition and

ebihs ek may pvarse slightly banddhe Qnecne hodirremB0bis a a8 angleto the

Bl oh 09 058 %9 ot e v?c’rebdaessi% {elaeee&hé Srint station. This arrangement (the angle
being typically around 10 to 30 degrees and more specifically around 15 degrees)
improves ink release from the screen onto the substrate improving print definition and
reproducibility. The screen to substrate angle, squeegee angle, screen to squeegee distance,
squeegee to print roller position, snap distance, relative speeds of substrate and screen and
squeegee pressure can all be used to control and optimize the resultant print definition and
consistency across a card (One embodiment of a screen printing mechanism is described in

more detail in issued US patent 4,245,554 which is incorporated by reference herein.
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nore detail in issued US patent 4,245,554 which is
i ncorporated by reference herein. 16 WD 2004/ 039600
WOEDAEBBOO3/ 004708 I n particular, in carbon prPet/GB2003/004708

station 103, the ink in question is a carbon ink. An
exanple of a suitable carbon ink is set forth herein
below. In this enbodi nent of the current invention,
screen 301 is flooded with ink 604 prior to using
squeegee 606 to transfer the ink 604 through the
screen and onto substrate 242. The printed carbon
artwork deposited on substrate 242 is then dried

usi ng, for exanple, hot air at 14OC directed onto the

rinted surface of t trate our se arate
BV e et i o Wi SeB4T 1 0 Wk SRR o Grhon ink. An
ekdrbiSik o h 86litdble ERbGh BRtiAkdt fdrth IréidbRlolR . IoWhik RIbBdintdAat of the
for use in carbon print station include, but is not
lcpment dabention,ssrasn A0his flooded puith ink 69AprioTdbasing squeegee 606 to
I I m bas
?81?1 rr ?,Vﬁe}é’ %ﬁll ?#})u%fx tlge Sme%g agx&%ﬁéo S%Pstpa?e &%ﬂ ﬁb i uez? %bon artwork

Idelb'osit&}’ o subswatd, 240as thex drpd ﬁsmgi,&bb@(mnplé ot & at 1408C directed onto
articles,  silver/silver chloride, gold base
g‘%ﬂ nrpded s ebthe shbriets wingslonnseaprats driog banhs within the first drier

SRody hin &bl BIEH. el FQR, (P11 0 to the

carbon printing process €ly after drying,
substrate 242 is passed over a first chilled roller

1 L desi.gned. to r str te 242 .
SofaptRidicfer B catop oML ARG ciote,Fe o) BRuisa (e, catbon with
h%ﬁﬁ?ﬁé BAHERs, (AV SR e QigrddC @ﬂ%agéép Wgﬁﬂdk\i{n i:gse'é donddctive printable

. I'n one enbodi nent o manuf act uri ng
pﬂ@cess according to the present i nvention the surface
of first chilled roller 212 is approximately 18C.
First chilled roller 212 may be cooled to an

R Cond SRS ey sl sfor XA aphop ot e particles,
kN drRilv&hI BRIC 81l badddephI NP PisE® unid?ﬁt #‘ﬁ-rﬁtglﬂ‘é/nﬁé? e

and/or the tenperature of the factory c wat er .
After the prlnted carbon patterns are deposited in the

Chi 11 oa PRl kRl PieriiaveeBan it i B rson prtng process

shib FhrnadieteBADt a2 deyingisabstiabd PR ik B@ssb& B8 rad¥ire éhilddd roller 212 which is
substrate 242 is beneficial because cooler

flesignedde ganidlycaphubsirate é%romsdertcmyn@rr tempRragierg; typically room
b
SRR DU 1 € 2Dl ESHPudbaiment of e

weeh mf entifachiring gro@sesccording o tle pesém ihveation #reftface of first chilled

i nve on is also beneficial because it reduces the
écﬁéﬁ ﬁai gfapprox%nately 18 8 F?rst Chll? d roller 212 may be cooled to an appropriate

temperature using, for example, factory chilled water at around 7°C. The temperature of

the roller can be controlled by controlling the flow rate and/or the temperature of the
factory chilled water. After the printed carbon patterns are deposited in the printing
process, substrate 242 is passed over second chilled roller 218. Reducing the temperature
of substrate 242 and maintaining the temperature of substrate 242 is beneficial because
cooler temperatures reduces the probability of ink drying on the screens during printing and
creating blocks in the mesh. The use of chilled rollers in a web manufacturing process

according to the present invention is also beneficial because it reduces the amount of
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17 WO 2004/ 039600 PCT/ GB2003/004708 stretch in

substrate 242, reducing registration problens and the
wemd/0swonodi fy the process on the fly to conpeneak@®3/004708

for such problens. In one enbodi ment, the tenperature

of the chilled rollers is controlled dynamcally by a

f eedback | oop neasuring the tenperature of the chilled

roller and controlling the water flow tenperature.

O her nmethods of chilling the rollers can be

envi saged by those skilled in the art fromthe

enbodi nents descri bed herein, for exanple,

étreteh i alsirgte gdharduringsfegistyaticn problemsiand the meed tpmodify she process

i to th resent invention, section 4 of the

\%égﬁerﬁjég‘% Oé%qe&?aﬁ?\ PIoH %@épefnsg'v\her e insul ation

printing takes place. In section 4, the insulation

artwork for the el ectrochem cal sensors manufactured

i n accorl@aneembjodimaensthe femnsratureiof thephilled rolers iy ermbrglled

S e CiLizi er al fl
bk KRR 1) bidtud el RE P e e ana
soattdlbing the4vaerdldw/teugieratred Otherh@his Bof@hiluk the rdlfers can be

par.ticylar, a suitable print station according to the
Brtstssl b et Rl ke alldtom s mhadimagrts descr bl hgpinnfor example,
e&h&ﬁau%@wmgg %éﬁéi%ér%{i&?ﬁniﬁgo' a flood blade 603, a

squeegee hol 5 and a squeegee 606. In insulation
print station 104, print roller 600 is third print

roller 1. In a floqd | e process. .in accordapce

with th g"z‘ﬁ’rfgg%‘ﬁf a‘r“i‘?{fﬁﬂ% I PerldRvosgien, sectian botibe web
?Mah’ﬁfabﬁhkin? ProdRys N MHeRinSHMEROH 8 Bakeb :de%g B @d80P93he insulation
print roller 600, and ower ‘print rolfer 303, In

artwerk for thecdleciieclsmaicolisentorcmpnefagiuredsn accordrmcevetith the present

: {rate 42. ..Screen 301 is din X
IR Pl B ink L Eng e BN GrrB e basic
obmpeHzats dtiee Rddafied pridtetdhion 004 apGlIestiiar i Figlte$O4nd $. In
charged onto screen 301. In a subsequent print cycle
prbewas aspitaple priptsiationgoeerdingdo feagesent inyortion ipefudess screen 301,
! ) . c ¢ o i
B P e PHAHC R 50 AR BRAB 0. { AESRE Bol 605 and o
Bureegry G0e Ipinsntatioy ptint stitivm 194updgeell&@ is thxddprink aslkr 221.
603, print roller 600, and |lower print roller 303 all
nove in second direction 607 which is opposite to the

web no : ' j .
120, TSl RGO S5 R  InRYEE e 301 i
plpygadenith otk dhimeriag sareser606hBogd blade 693 Ipeinttodier600, and lower
' 4 4 h thro screen 30 deposi ted on

ol i3 BR e BRE B wurf Stenpads Brte of Rravemivg ot substrate

242. Screen 301 is moved in second direction 607 opposite to first direction 608 of

substrate 242 for the flood cycle where ink 604 is charged onto screen 301.

In a subsequent print cycle process in accordance with the present invention, as
illustrated in Figure 7, squeegee 606 transfers ink 604 through the screen 301 and onto
substrate 242. During the print cycle, the squeegee 606, flood blade 603, print roller 600,
and lower print roller 303 all move in second direction 607 which is opposite to the web
movement of substrate 242. Screen 301 is moved in first direction 608 which corresponds
to the web movement of substrate 242 for the print cycle where ink 604 is pushed through

screen 301 and deposited on substrate 242. One embodiment of the screen printing
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18 WO 2004/ 039600 PCT/ GB2003/004708 nechanismis

described in nore detail in issued US patent 4,245,554
woki0s/039680 | ncor porated by reference herein. |PCHOBaDBEO4708

flat screen printing, during printing a generally flat

screen has a conponent of its notion which is in the

sane direction and at approxinmately the sanme speed as

the substrate. Typically in each of the print

stations, the substantially flat screen is at an acute

angle (Ain figure 6) to the substrate as the screen

and substrate nove away froma printing position

(redhandsam is desgnibiedtin nwire detai? @0issuediiVY) patents),243/564ywhigh ihimcorporated

f)el e}IiveIi eed of the substrate and the screen varies

REEDEC B Phe 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

t ypi cal |1 naovablesiat serpemprinting, pring pyntifef sogangtally flat screen has a

. sh. st I tached .t o

DR YGRRELT Y mBli P wlTRIGirhl S 8o A8 ol b aticly e same

spaeflak @b sapstEEK Tasiballyain each/ithe ptik stAfions, fthe sub¥embiall flat screen is

coated with a UV _sensjtive coating and in conjunction

i arpchterangls (o gue 6} fedhe SEslEl oF Sheseprsaand sepsiratgymove away
HorELPER o R EUIRAL PR OILEAR AR ) VSRR Riptive specd

af thesnbstiateeape. thi\édrbert Vegiea it sife of thaprdeigd imagderils thesdirection of travel

Bﬁ sed through tls{s.o en areas of the stencil and onto
eSHpta -t e XvdiRgtipositi ve i mage formed by the

ink on the substrate). The frame provides a neans of

nmounting the nmesh, and wthstanding the forces

i mposed The sténsilstreen vbasddn wachhofithe hrint statimstyiicllyrconsists of a

and. i t.h. st andi ng the additi gnal .f,or,ce rqdyced . .

Rtiontly HPsoRANE pOR B oRca et Rt iR aRAGRA 57 rigid frame. One
&inBbdiafent Ots a%@ebt@ksdréb_n%gfﬁé@'y DEvalaaﬁﬁéHZ,aWemouth, UK. The
ink. An exanple of a suitable insulation ink is set =

gk i geated m?igb@UUvﬁenmﬁV@ peatingand in easpnction withea dilmpepitive the

SLETS 5 E 0 e OO SR8 s n
sae@ein kfanni amﬂggjivtegtﬁ ﬂidcﬁs'ﬁe&ﬂ?woﬂﬂéigl;gq&.i Witﬁdhb gﬁl_tdfaats'tlﬁébgee, ink is
ar t wor. eposited on substrate is then drie .
B%S\_S%@Ehr?‘tﬁ% 153 dpn woas s dhesipnc and Lo esubsiate (GhtRe 2 pesitive image
Rirhiel 89 18dink 3m8hOutshifep “gnf'é dﬁﬁh@ proAdYd afélgéﬁ'hs aﬁ%uﬁi@ the mesh,

n r 4, Ich i

dralin banks wthin seco Il er® zone
and withstanding the forseeingeised by the shieghedmtsh with neixpnph disddrtion and

it e i o PGl g Rfoig e pr csont

In particular, in insulation print station 104, the ink in question is an insulation

ink. An example of a suitable insulation ink is set forth berein below. In this embodiment

of the current invention, screen 301 is flooded with ink 604 prior to using squeegee 606 to
transfer ink 604 through the screen and onto substrate 242. The printed insulation artwork
deposited on substrate 242 is then dried using, for example, hot air at 140°C directed onto
the printed surface of the substrate using four separate drying banks within second drier
zone 224, which is illustrated in more detail in Figure 13. An example of a suitable ink for
use in insulation print station in a web manufacturing process according to the present

invention is Ercon E6110-116 Jet Black Insulayer Ink which may be purchased from
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invention is Ercon E6110-116 | et Bl ack Insul ayer Ink

whi ch may be purchased from 19 WO 2004/ 039600
weEFONALBBOO3/ 004708 Ercon, Inc. In one enbodi Nmet/G8R003/004708

the invention, insulation artwork is registered to the

carbon artwork in the X direction (along the machine)

and the Y direction (across the machine) utilizing

the techni ques described herein. QG her types of

insulation ink may be wutilized as will be understood

by those skilled in the art fromthe description

herein. Furthernore different |ayers or different

OEﬂBn,SIIlOf In ayeersbahmebieofithethvemtiqar, insubidion attivbfletseagistered to the

i ey o B R e BB PO §rlioction (across the

eﬁﬁ&ﬁhé’ﬁﬂﬂlzﬁfg th8 RcRAIE& destrib@ et QR O‘&fefr%s bffisulation ink may be

i nsul at'i on printing grocess and i nmedi ately after
dutylmg as suh be vadersipac by itmsk skillad ipthie artdibme drdxtenoripitbn herein.

| 19 If‘gdl% Ll ﬁf P/gfs §5 ?}fg%%rg%d%e(%%/ § a%hl A g? usedeco provide a different

Sbhbl&t dSﬂhSEerQéﬁd therefoferdefieresy dbnhesttionid ﬁ:{efﬁléﬂh%cﬁé{ﬁicﬁlaﬂeh%rs produced
roomtenperature (around 17-21 C and typically 19.

+/- 0.5 C). In one enbodi nent of the web nanufacturlng

process AGEOLALDGIR B{ltﬁ el aﬁgﬁgﬁvﬁﬁxﬁ rgaé : oI éﬂlgulatlon printing

surface tenperature ot
apocessiand iredih& Gy affdridrdingfsubbteste 242 |includihg pﬁmsedbﬁrbon and

cooled to an approprjate_ te ture using, for. .
esigtien paticuasy f b quaﬂwérggﬂ{eﬁtrola\?ro%}ﬁdm%h isrdegigapdhtp rapidly cool
t o
| kDA WAy S 0 A, A B 121
cmﬂ typicallp bp &Gt @6 °Crdlces: dntmodimetaifithe trgb ofanufakturing process
(ﬂﬁﬁ) tbg greggﬂtgﬂe{]q%]tlgﬁq}] ﬁ‘gpg aw?elgg{%gegofl tﬂe %hrjl.red chilled roller is

n@p}iﬂ&ﬁﬁiat&ly NP I OERBiBELRNE 71D tly b8 Bodle® &M appropriate temperature
invention 1s al so beneficial because it reduces’the

andi tforoxample dadtorychdled svatenas apnd 7°C e Redicing the temperature of

St 3 O BILIAIER AE RnlrfuiS o p{BudRCA Y5 biffesiial because cooler

aperence gl 1 gl ot S gl

¢ et iLhg PS%?fzi}wiedprﬁﬁ&S.lﬁ g WeR K@@U&O%é@g PrRoess @eqoding to the present

t BSentfIGY 9Ro 'b@ﬁefﬁ:’iefl &{ﬁsé Qe rd&@s ﬁlle%ﬁ{oruﬂ??ﬁs?e&%l in substrate 242,
present

sensor s nanuf acture I'n accordance wt

| reducing oepiststipn pribdensuand the negl teanedify the iprddesioprathe flg to compensate
vabl. e nerally flat screen as herein before

d §§?¢%R§¥ﬁa?ﬁe basi ¢ conponents of the first enzyme

print station 105 are illustrated in Figures 6 and 7.

In particular, a suitable print station according to

t he presdma process according to the present invention, section 5 of the web

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

303, print roller 600, a flood blade 603, a squeegee
whoiodes9edd5 and a squeegee 606. In first enzyneCpGBRG03/004708

station 105, print roller 600 is fourth print roller

227. 20 WD 2004/ 039600 PCT/ GB2003/004708 In a fl ood

cycle process in accordance with the present

i nvention, screen 301 is charged with ink 604 by

novi ng squeegee 606, flood blade 603, print roller

600, and lower print roller 303, in first direction

608 which corresponds to the web novenent of substrate

242. Screen 301 is noved in second direction 607

opposite_to first direction 608 of substrate 242 f

the fl ool &{leedexgprocesiin spgrdagee with deeipiepans H§’@P‘é‘é‘h screen 301 is

el i 5 80P BY itk aolLodPX BOR, MURRFRE B, PRAROHAR, and lower

‘prins tpliee 0% in ficst iractsins08 wihikh 6Qrfespbndsughthd tweb smivermant of substrate

30 nd on substrate 242. Dur] the rint cl.e,
é gﬁﬁé’éaéglse‘%"edﬁpéﬁ%?"é dﬁf&@ ?Hﬂoﬁ‘t fodistat ¥e@€en 608 of
%ﬁgs&a@é@fz R i Addl dy@fe vRe fHK 602{%’ @hdr@e@&ﬁ@ Rékeen 301.

direction 607 which’is opposite to th novenent
of substrate 242. Screen 301 is noved in flrst
directio

608 whi ds .to t b. t,. .
of " subst Pt wosBeRLp e CBRA S ket s TRe B pnvention, as
nusheekdih %ﬁb 7, RREERR 688 tradsersdRP 664 HR6LgNhE Yhskd #1€and onto

242. One e di ment of the screen printing nechanis

isgbstente 242 dauring the peintiescls the squeegsa 6865 qddhlade 603 ptmt roller 600,
Aé!na ‘fgv? %q\f\'?dlf’eli] 3b§ il 0§ Q;e%) E&togg dlrgé‘t one({()% R g gg)pg Ble to the web
I'n " partitcular, In prrstee prirn at'l of T ; e

imidvenient| osibkiddte 282, aﬂcﬁai 3’(Dl1815 n.thed iMirse daegticn 608 tﬂhlch corresponds
sui table enzynme ink is set forth hereln below. In th

?ha@pvera?ntm gubstratecd? fonthe prinbeycle wherednks 644 tsspushed through
fslc&gﬁi o1 W Heﬂo@ ePfs ﬁ‘% 248 Bk REALIFHREY gf"gl%?grete&pnntlng

trans er t%e I nk 604 t rough the screen an
godxrdibnismds ddribdhim Ipmrerdeemil iengsyad Usriatent #,248564 wthech is incorporated
ubs rate.242 is then dried using, for exanple, hot
IE§EWM ect ed onto the printed surface of the
substrate using two separate drying banks within the
third drier zone230, which is illustrated in nore
detail i hlpal‘genlér, imfirspenzymensing sietion 18%itheinkdn qpestion és an enzyme

u |nf nz rint station

AR et AR B R A s Rell, n his enbodimen
| of\ieuireent RS eStion)Bére&e301 18 ﬂ'BaBédawﬁh inkaéd4eprior to using squeegee 606 to
transfer the ink 604 through the screen and onto substrate 242. The printed enzyme

et

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

the present invention as summarized in Table 2.

Table 2.

Glucose Oxidase Biozyme Laboratories
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G ucose Oxi dase Bi ozyne Laboratories 21 WO
2004/ 039600 PCT/ GB2003/ 004708 Tri-sodiumCitrate
wo-e@hesteBei entific Citric Acid Fisher ScientifPCT/GBR00$/004708
Vi nyl = Al cohol Signma Aldrich Hydroxyethylcellul ose
(Nat 250 G Honeywel|l and Stein BDH Merck LTD
Sigma- Al drich Chemcal Co., UK Potassium
hexacyanoferrate II11 Norlab Instrunments Ltd., UK DC
1500 Antifoam BDH Merck Ltd Cabosil Ellis and Everard
Ltd PVPVA | SP Conpany Ltd Analar Water BDH Merck Ltd
I n one enbodi nent of the present invention, after the
| NSTfiabdiam Eitlatd i Ng process and i MEghatRisatidict er
drying, the substrate 242, including_printed carbon
andCithgAckk i on  patterns, is passed Bigher Scimntifig

chi -1 gl 25 which i s designed rapldly cool
subﬂ;(??ﬁ/t'l%ﬁ@%h%o a predeterm ned teS eraalgjgbgh

t y pHgddokyethyloetivl @ve(diae230 @) (ar ound 1HeRdywellband Stein
typically 19.5 C+/- 0.5 Q.. In oneﬁw of the

web manuf acturing process accordi ngB émgent
invention the surface of fourth chil §gehs RldiRh ClRmidad Co.. UK
approxi mately 18C. Fourth chilled roller 225 may be ’

cooPadssiwm hexampprodpritalle t enper at ur eNodamipstrients Ltd., UK
ex I factory chilled water at ar C. duci ng
thgﬂﬁeﬁg&%’gﬁ? of substrate 242 angb%%ﬁ%ng t he

t enpgsatiur e of substrate 242 i s benefjigiaald Hyveqsad 881
cool er tenperatures reduces the probability of ink

dr yP¥BVén the screens and creating blStkempent ke nesh.

The chilled rollers in a web i ng
proléreléiéleg%g%rdi ng to the present invgn |one%|§lgsﬂtrdal SO

beneficial because it reduces the anpunt of stretch in
substrate 242, reducin regi stration problens and the .
need to Mbeng§mbodimspigddaepissent pryeption, pierthgasyiatiop printing process

A AT L AR B i
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
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

+ tegistration problems and the need to modify the process on the fly to compensate for such

problems.

Additionally, due to the high water content of the enzyme ink and the airflow
due to the movement of the screen, it is crucial to ensure that the enzyme ink does not dry
into the screen. The relative flow of air encountered by the moving screen dries the ink on

the screen in a manner not normally observed in flat bed screen printers (such as Thieme
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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@ e00em8p600The rel ative flow of air encount ered PYT/GB2003/004708
novi ng screen dries the ink on the screen in a manner
not normally observed in flat bed screen printers
(such as Thieme 22 WO 2004/ 039600 PCT/ GB2003/ 004708
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 to around 18C

bt B8 phihitefd) GRIEE HRY erdeh §ts610 AVéFE0S G0VE Wvithiin fhein@hiifeCnlike the
the screen | oaded with enzyne ink is humdified

ceresentinyention. ngs wek agihe céﬂbdaplﬂmmlevmm hishxenspang thegubstrate is
3(hu b?etdaip)%'éoaulnldgl /86@ %f‘o MR %ﬁcwxna% ﬁl %rﬁg ?&x oﬂ{){ﬂ% ing step, the screen

er sl and/ or "SI dé screen
i Joakdickvidth Endyidesiak islyunidifisdaloiiag prinfing. dh bae gmbﬁdltneﬁf humidification
pi pes provides_ a substantlall canst apt iﬁ n1of

His sestantisly spptiniesy e There may ben p%lﬂaev%{}gs %@de screen

tslﬁ'{eﬂ%l ﬁcaﬁgﬁ REEHa¥&d M1 53'7 Hé Itok}ﬁieﬁﬂﬁgvarféﬁg&ﬁ&ﬁ O?Enpes provides a

I'sS mal ntal ned at a CO st ant

ssubstahtialyaconstagiesteatn dfdwngdidied dirabote bellodﬂaa,ndwrchbwass dto the screen

and/ or. si de sc¢reen h m di accordin
SPeREH Yy TSR e oBsh b6 T B gaiautstal § godfant Lovel. A
SeuithPBR aﬁ'iﬁg&ﬁerﬁ@& r@%ﬁﬁﬁggﬁtgné uBferfiaBal/bf Gad é&ébnrlﬁ‘ﬁﬁ&ﬁcatlon

(typically pipes carrying fied air) will depend,
amqgl:mg otthe presérit rmgsgenthm mllumw;hmﬁngurgef 3 4 and 5. The amount and

um di fi ca red cont ent
eSO Peams P rl B L bisk S Bt Plplgifipd ) wil depend,
arthengdshSthbEMHRRS APInGh® kmbhie of h’@ﬁﬁdlﬂbzﬁlonaéqdlfed the water content of the
ap r oaches the enzyne print station, the tenperature

the hppiidity ang| tp@peratlﬁ@ o£thg sugpundingeais, dhetempgreiure Ré the substrate
f
RSP A A gyt v svor

cthepbnesm agl thieexposudsithe susernh thoswerudtihgdehlivediied air). In one
cross .t he whol e under

di.fied [ . 1 .
nég#m@ﬁ'rrq %g SRe CUPPRTRE Ghe PIHBOEIPEE A ﬂ&‘gg’k&&%%quﬁﬁm“mdlﬁed arr
Péd?@scs tﬁ@%oﬁhﬂﬂ@sﬁ%bﬂ‘ﬂfe R lBrihd gné’&%k%toﬁhess!cij&n%faclzand forth.

he machi ne deliver humdified air flow 300 and
(Beesﬁm@dmawﬂymOWngUaWMyqahﬂntméeeﬁ@ynmcmnkdd@qmmnmdhﬁedau

[ I d th t
ofiowt B0 <Pl aB4 derfisbfe Bha”ori nt run. S nce the enzyme

|nk i s conposed of a Iarge part of water (typically
bet ween 55 and 65% by wei g nmore typically around 60
% by wei g]lfwwallv lad thmwmmepnlémutr@d &ry&ﬁ griptrungdy placedhen the screen at

fe Thi s ki
ooty gt G Bt S T ARaRE AL POBb S B e part of
ewauemypﬂakuy Betiveenss a6 3% bF wadgle, more typically around 60 % by weight,
the ink is prone to drying out over the lifetime of the run. This risk can be alleviated by

providing humidification around the screen loaded with enzyme ink. Alternatively or more
typically in addition the substrate can be chilled prior to encountering the enzyrhe (or
indeed any) print station by the use of chilled rollers as herein described. Typically the
temperature of the substrate is controlled to be less than or equal to the temperature of the
room. However, the temperature of the substrate is kept above the dew point for the
atmosphere in the room. If the room is at 60% humidity then the dew point may be 15 °C.
If the temperature of the substrate falls below this then, condensation can occur on the
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typically in addition the substrate can be chilled

prior to encountering the enzyne (or indeed any)
w@eioan3sv@t i on by the use of chilled rollers aBCTIEB2108/004708

descri bed. Typically the tenperature of the substrate

is controlled to be | ess than or equal to the

tenperature of the room However, the tenperature of

the substrate is kept above the dew point for the

at nosphere in the room If the roomis at 60% hum dity

then the dew point may be 15 (r)C. If the tenperature

of the substrate falls below this then, condensation

Cabsteft€ PoteftiallyheonBFoMintDad/ HBSGRAGhtFtht Gy 85ca0F P subsequent

substrate potentially conprom sing _any subsequent

pprinteun with veaeresoluble ik such as anzumg dple Coptrphef thenbgfrats temperature,

o Ekaric ¥Plfech e FHERoAROEIVC B pnd 0k Rt Bha tiRefore be

oiinpoptant foe apecaetsfalepran curd Eonprol ofttempargturd ef efddorainiepassing over

et Bl T D1 AP S oL it 1 porto iyt temperature. A

r REGCE cédifol 18P cardiruse@RPméRhrd the is%a’féegg&p&ﬁture for example

controlling substrate tenperature. A back control
| shative smthisgoomdemperatupsandlar demepainii{given the roempeiemidity) to control

o Aot U ST v B e R GTRE ST PG fjptoaves the

t RMBLiRE #®hed the nektiprnestatil.| ers and the tenperature
of the substrate as it |eaves the roller and

approaches the next print station. Figure 2Cis a

schemat i g d] | CL. ' . i 7 of

e B2 AT OG0 5 R T el o v
i priretfiigi process Aedorditig & RCpreéSenttinamtion & Biga T, Seoidoi®is second

e Taguint PR 496 SEang GPDER P Hation § 6 ebidiriRRebHled roller
2321, ahenf ' | t i.Si .

23, R 255! A o5 B S8 885045 riv ol
r 23, $itfthatrieo momssy/236e M 128istrativh systetnoAYoandi quttromhd eip @86 238. In the

In th e iment.of.the invention jllustrated.i .

st fms 6 CL3Be FR B kel SRR A S5 73 indh e 107,
UREwindBr utin COUAER1dSd SErinBGn EBREMARI 289) BdPrewind &tbof 240 44l second
arbor 240 and second rew nd arbor 241. In a process
axswondianhgr 24l-t he present invention, section 6 of the

web manufacturing process is where the second enzyne
printing takes place. In section 6, the enzyne ink

artwork fIan pré@seicoidigeidant priert @R&ation, Wedtivharsitheteb

in accordance with the present invention is printed
vpnyfactHEng praseys-ip hgte; theysecond eppynpoyinting takes placpglipsection 6, the

CWQﬁk artwork for the electrochemical sensors manufactured in accordance with the

present invention is printed utilizing screen-printing. The purpose of applying 2 coatings
of the enzyme ink is to ensure complete coverage of the carbon electrodes and so that the
electrodes are substantially even and free of voids. The basic components of the second
enzyme print station 106 are illustrated in Figures 6 and 7. In particular, a suitable print
station according to the present invention includes a screen 301, lower print roller 303,
print roller 600, a flood blade 603, a squeegee holder 605 and a squeegee 606. In second
enzyme print station 106, print roller 600 is fifth print roller 233.
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of the enzynme ink is to ensure conpl ete coverage of

the carbon el ectrodes and so that the electrodes are
wG@aipegnzmsto al |y even and free of voids. The basPCI/GB2003/004708

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

i nvention includes a screen 301, |ower print roller

303, print roller 600, a flood blade 603, a squeegee

hol der 605 and a squeegee 606. In second enzyne print

station 106, print roller 600 is fifth print roller

233. 24 WO\ AOEHHERBOPRCesG] 4EIR2RMN3E QA tRkSprebend ifviefifish, screen 301 is

i%cle process in accordance with the present
idhorzad math, ink 6p& by nBYIng sueeses §edflanditladaii3gpuntgplier 600, and lower

' . I [
TR PR 855 ] QR R 0l Slmen o st
6028, \saieeh 300&§1ﬁ6¢ﬂhiﬂ$e&<§1dtdiﬁcﬁ@b60mﬁﬂi§im todirssdibztiom6e8 of
242. Screen 301 is, noved in_secon irection 607
SHpEts ¢44 o fhe Beodgyrlectiasn inkct0Ag# clared ouip acroa3qor
the flood cycle where ink 604 is charged onto screen
301. In a subsequent print cycle process in accordance
wi t h t helpa egeaquenhpsnitdyole, pracess inl dcosrdaateawith thefirgpantanvention, as

SRR 3, s Piee 503 i 50K Reshgtioi s and onto
taBstEAs! 260 ePudiiSihe RO Sy i, AkesBshee B_Oii,rﬂodd@lg&r 60B0Bkint roller 600,

and lower print roller 303 all nove in second )
cinddewenpring 00llex302 lallingovsip seriond directidne OXethiclnisvappesite to the web

of substrat 42 ckLeen - IS ved in.first .

Aro bR Batieen SERR S0 ialo AT Bk Gl ieh corresponds
ab tisaesh fx@kzem&%ffsﬁmsuta&ez@ﬂomhegmt eycireherelifilk 664 pushed through
pushed through _screen 301 and deposited on substrate

aereen SAb andridenpsiechen grbstrae 2421 98 eprborioneng of thesriean printing

| | + o e i R P . « .
AR R S el B FolRRl il EMTo 4 PAS 8  which fo incorporated
by geferérceldlessin. i N second enzyne print station 106, the

ink in question is an enzyne ink. In this enbodi nent

of the current invention, screen 301 is flooded wth

i Nk 604 Ppifitulbe in'SdcbRd t 8ok 908, ROk Sh gh&ﬁon is an

i nk 604 through the screen"and onto substrate 242.

Tinayme iink. o this egnpodimaniof thedupestiineantion, sstden30a iefleoird with ink

i s, then,dri.ed using,.,.for e l e t.air,at 50C

AR5 e 4ttt qogi S Il Be S 0% ulgh s e and onto
Uibstghté . . at® @ﬁyﬁidwtvhﬁla kiépd@itb@ b s@sﬁ_ﬁtérm i§lthleR dried using,
zone 236, which is illustrated in nore detail in

Fiog erasnple, hohnir @k 30v) direstedzpnia the apintedisuifagant the sulisiyate using two
Ss%ﬁ%% &%&%ﬁm&%ﬂﬁm% Al B Urik? 90ﬂ6523%p§1hich is illustrated in more detail in

Figure 15. An example of a suitable ink for use in second enzyme print station 106 is the

same as the enzyme ink used in first enzyme print station which is described in

aforementioned Table 2.

In one embodiment of the present invention, after the second enzyme printing
process and immediately after drying, the substrate 242, including printed carbon,
insulation, and enzyme ink patterns, is passed over fifth chilled roller 231 which is
designed to rapidly cool substrate 242 to a predetermined temperature. In one embodiment

of the web manufacturing process according to the present invention the surface of the fifth
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same as the enzynme ink used in first enzynme print
station which is described in aforenentioned Table 2.
w0 poosns9cenbodi nent of the present invention, aPCEGBRIVE/004708
" second enzynme printing process and i medi ately after
drying, the substrate 242, including printed carbon,
i nsul ation, and enzyne ink patterns, is passed over
fifth chilled roller 231 which is designed to rapidly
cool substrate 242 to a predeterm ned tenperature. In
one enbodi nent of the web manufacturing process
according to the present invention the surface of the
fdHilldd roflér 20 i2 OfiA6LBRAA0 18CT/ HARQAAIAQ411E33 1Ry besboled to an
roller 231 is approximately 18C. Fifth chilled roller )
Zppropsiptefempergivse using.dar exgmmle gacteryechiltadester afagound 7°C. Reducing

TR Sanellnet ke 2B bl S 5o b e 242 i
rineficihlbeogusk ROoler tepgeadturee raducesithe probhkiliBASS ink drying on the screens

beneficj al . because cool er tenperatures reduces the .
pigisagRting blocks m thg mesh Ty vss ﬁ‘% sd rolisrsin ajpeb mapyfactygng process
belc@&ﬂﬁﬁlrg tP hd e SEE thvedtiéh LR€aRb bE gbﬁéﬁ%ﬁﬂ B&lhalu?é it rédlcés the amount of
web manufacturing process according to the present
i inethitin substrate 242s wdbeing ecgdtiation lprdbdenuised the neatitioonedify the process
t he a{tﬁglgnt of stretch. in ﬁubst rate 242, reducing
r S Y AP COmPasats fehchReYHES need to nodify the
process on the fly to conpensate for such probl ens.
Additionally, due to the high water content of the
enzyme i didddivgalialugite thedugh waler centeti of theeaapme inf andtbe airflow
sgree it is crugial to.ensure.that th zyme ink

Hled5 My mayyspent ot e dpreetb F Bértcialdo Rayore et P Eigymns ol oes not dry
riatd 1Be sarbde Wsabdings the thillby railes ullévigtidg thisDymbilirdtgotht Substrate is
cooled to 18C before it encounters the enzyme . .
scaoksdrio 4 81 (nbethep it prgpuniersthe enaymg seeeandptins stepnihersyis also topside

: . . i f ] . L coh

4Rl S22 chr S CorBE! RGB! bRlheq WO B il of
t hvenidified ey, abens anid Inglow liee suatenr, eaaningrthe ohter bentemtlorfitlse ink is

mai nt ai ned at cons t level.. Typj.cally.the
ap o o Sppetant Shel c bprielihy OV R Nus sanptantly over the

SdthdebACsARhR erdt ot (REAHIitHEkid LRI BHRRME screen humidification
under si de screen humdification ‘according to the

paceerding to tvepresephinvention isdllvsated in Nighirgdr e 3. Second
enzyme print station 106 nmay include outbound nip

roll er 238, inspection system 237 for inspecting
registration, third Y registration systemat 237C (not
shown) and barcode station (not shown). Qutbound nip

rol | er 28gcand|opsyree ptintitationel 06anay imalude outbound nip roller 238,

inspection system 237 for inspecting registration, third Y registration system at 237C (not

shown) and barcode station (not shown). Outbound nip roller 238 helps control the tension
of substrate 242 (specifically the tension between inbound nip roller 206 and outbound nip
roller 238). Substrate 242 is removed from second enzyme print station 106 at a constant
rate by outbound nip roller 238.. The Y registration system (not shown) at positons 237A,
237 B and 237C controls the Y registration (i.e. across the web) of each print cycle during
printing by utilizing the first Y registration marks 2101, second Y registration marks 2102,
third Y registration marks 2103, fourth Y registration marks 2104 which are illustrated in
Fig 21A. In one embodiment of the invention, first Y registration marks 2101, second Y
registration marks 2102, third Y registration marks 2103, and fourth Y registration marks

26



of substrate 242 (specifically the tension between

i nbound nip roller 206 and outbound nip roller 238).
wEaegnsmde 242 is renoved from second enzyne pPCTIGB2003/004708

station 106 at a constant rate by outbound nip roller

238.. The Y registration system (not shown) at

positons 237A, 237 B and 237C controls the Y

registration (i.e. across the web) of each print cycle

during printing by utilizing the first Y registration

mar ks 2101, second Y registration marks 2102, third Y

registration marks 2103, fourth Y registration marks

21104 iy Gofrepchd tespechivallyetd theY febBtrdddh ofl dArb¥a6rint station 103,

enbodi ment o _tﬁe I nvention, first_ Y registration . .

rigsWlationmint stetien A, Yirsteagyme peint Bational(ds ad gppond enzygneprint station

reed si.rati on. nak nd. f ' [ QR . .
B 2ok BY R e s BR e Ebe Dbl B Bl am orfentation
ot ppruxirates & sqpediciel elny/ond @nbiddémdhirtkg Vst gisiritivn sybtem located at
carpon print station 103,  insulation print station

IRpsitions 5%?1’}&%2@@%3? it cag@atlmeﬁrr@@ad%arﬂal KlaestDeApfidrom
PETBnab GAHRGA 1100o1dSHRAR, derhR@}Strati on marks conprises

2 triangles that” are juxtaposed in an orientation

that approximates a rectangle. In one enbodinent the Y

regi stration system | ocated at  .posj.tiogns. 237A, 237B

and 237CHahe FEbRBeRRI b reropt iy eption dhinSietign By 237, may be
Bolpl@n@ited i 18 HieoRa 1Msitehsn S{ReABAYdel finMREPC3100 HD, which is
enbodi nent of the present invention, the inspection

sspmrperci2ly avaitableomiblppmartimbl in S eonpldshéhe| Garmany. The inspection

::Sn ?ﬁ%@‘?&? 31?? %%fp%ﬂogﬁg%tr@#}%%ﬁtg% %%)I%IHQP“ Wi&MbSirated in

Leigpek d3Aab ¢9D Gad/ /SR fgure 0D diibRaUeiv8ed asy WoBiRdestiag whether a
Vi si on coggonent t hat i nspects the registration marks

i Senesshest @06 shomidybe rejecternforsxagplednticsrrdmegosrectigpresults against a
W SR gaQﬁg%%as a tool in assessing whether a

sensor sheet 6 should be rejected (for exanple by
recordi ng inspection results against a barcode in a

dat abase). Regi.stration_i es in the.Y dinpensio ; ..
o o CReaisilian sess Sithe 4, e e (il fan PR@tiered during printing by

g rsdidtakibR Bystda gﬁd{‘sﬁ&%) WHRWA 108htbE B 937 A, 285 GHd 287C and/or
237A, 237B and 237C and/'or i nspected by inspection

sipspasted hynspleriéon syistenp? 3 hafiertalguint stagescoerpimaplete) may beascribed to

ascri.bed to. variations i.a web tension.or non-unifqrm
TP e RS iR B e, B i fhar g

t &fbddinet If el inbaRidATHEBRAL0TE lation cEpiNes HRSfollbRing commercially
fol |l owi ng commer ci al fy avai | abl e conponent s barcode

prviaHelde comperantyhangnste prnby (medehnoathen 440K fioprDomino UK Litd. In
Cambridge, United Kingdom), barcode traverse system (Scottish Robotic Systems in
Perthshire, Scotland), and barcode reader (RVSI Acuity CiMatrix in Canton, MA). The

barcode station (no shown) labels each row of the sensor sheet 2106 with a 2 dimensional

bar code. This provides each row of sensors a unique identifier code, batch/Lot number
identification, the sensor sheet number, and row number. The barcode station also reads
barcode immediately after printing to verify that the barcode has printed properly and
provides a visual indicator to the machine operators. The barcode and process information
from sections 2 to 6 are stored in a database and used later to identify and subsequently

reject/accept cards for future process.

27



Canbri dge, United Kingdom, barcode traverse system

(Scottish Robotic Systens in Perthshire, Scotland),
wa@pa4lozasede reader (RVSI Acuity C Matrix in Caeit/GB2003/004708

MA). The barcode station (no shown) | abels each row

of the sensor sheet 2106 with a 2 di nensional bar

code. This provides each row of sensors a uni que

identifier code, batch/Lot nunber identification, the

sensor sheet nunber, and row nunber. The barcode

station also reads barcode imediately after printing

to verify that the barcode has printed properly and

provi des pewihddtahiti109c6ias of, SoridkempRe hiMietif PeERhATcR ewind
The barcode and process informati on from sections 2

t Systerar histinthedast section of isasechinepndsdlgws shegontiguous rewind of

PR 4 R SR PIY onsbROE FRi BBl B0i9f gocond rewina

Ravoin2ir Rifsk fewlifd atbon34Ghsldoh rolf of subxtgatphaterial DA Iuidﬂcontinuously
Aut omati ¢ Rewi nd %(stem This is the Iast secti.o

twélsma%twﬂér% gecapfl SUE/ M SREPA 1 8 S ?céwiﬁawafi atbor 241 holds a
Qxﬁfb@q ﬁogﬂl%ﬁe £ W &?5utb‘1ﬁ fica 9% 10R% S0 Tof SulshhiR242 into a
rew n rb arbor 241. First

or seco n Feni h
r secbidirodlr daothe Zdﬁlphaubnl of therroll Iof sifbstratie 262 ditoen fiest sawind arbor 240. This

242 and conti nuous eria om second
RO ATeSS FRERS oTb ISt SRt OPEa P S Bl ropsnd arbor 241. A
hal#s spliceS WandeciRMhiRfih&RiREAR D42 \M"sltﬁﬂnéﬁhg 'I@hééa% leMable the
splices a first roll of substrate 242 into a second

r edritingous ewirgbefsubstiabh245%. Thesspliot s Rhceé dirsethyzendo a4gesh roll of

fi d.arh hi s
e T 2 SR T St R BESR SffRmesve
arbor 241. A flying splice, which occurs while the

substrate 242 is still nmoving, is used to enable the
cont i nuoigure diina seiemstis siagzare depistingrihe hymid @rémmment around a fifth

PUFESR LGBV A Tl SRR 588 vt

pfo@&ﬁﬂﬁcﬁﬁeﬁmﬂ dfithewalsl pestingeenviroginent dte ilkisaatsd beFiguiec3 which

O, SLan SSpLEL LG e T8 el pruEnt aEond 3 L EAR o e
s?né"ﬁlﬁﬁ%ﬁ RIRHIHS 40D SuBBRAS 24j @hd either fourth print roller 227

hum di fi catlon he web printing environnent are
i ot filkh prntouller?2 3 Jlumsidffioation hnd fempleatiers is sgp tchtnyriatl erisnre that the

300 301, bo h 302
> opetics §Efhe SRl dRar ihelee B bl B B SkteR{ Vet fipduring the
48180d st R Ele %ﬂ@ Fre@&dblg'otv&eﬂhe figslot the prihiun! @ pBticddr it is

or fifth print rol Hum di fication and
t eenprablatthat éhq wisensity pd weter gertertrod theenzliae inlheot change over time

pﬁl?t%‘? rfh' ?l% cﬁ gl%fl c \%/%ma Iprf]e er%glry Wer ﬁ%ﬁﬂ‘g Gt 2 p?iny run.. The enzyme

SI'Q n| 1 C an
ink is approx1mately 63% water. A constant Water content ensures that the amount of ink

laid down onto the substrate 242 is consistent. If the water content of the ink changes
during the printing process, this can lead to variations in the enzyme layer thickness.
Additionally, loss of moisture from the enzyme ink shall lead to the enzyme drying on
screen 301 resulting in poor print definition and a reduction in the amount of ink laid onto
substrate 242. The humid air inside either first enzyme print station 105 or second enzyme
print station 106 is maintained between 85 to 95% relative humidity. Top humid air 300
and bottom humid air 302 is pumped onto both sides of screen 301 to maintain the desired

relative humidity. A side pipe 305 is arranged to one side of the web and introduces
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flood and print cycle and preferably over the life of
the print run. In particular, it is desirable that

w0 b@4w3sedsi ty and water content of the enzynePCTkBamB/004708
change over time during the flood and print cycle and
preferably over the life of the print run.. The enzyne
ink is approximately 63% water. A constant water
content ensures that the amount of ink laid down onto
the substrate 242 is consistent. If the water content
of the ink changes during the printing process, this
can lead to variations in the enzyne | ayer thickness.

Adghidifsdadid t6.the 486 ofbneBids iinedibtedndifeneihe ¥ABythdfrint stations. The
shall lead to_the _enzynme drying on screen 301

reaturetapd gynerpfhwardifieatinn areniementy pandiedvanied éienit the sizeand shape of

t of 4 | L ' . .
oJ18 pPB orfind B R RORKE ret G YE et ype b W print staion
smahatdneiaynent. Qfiemb heddtdndre ukbd td enchoae tHeaippedanidéniowsr side of the
85 to 95%rel ative hum dity, Top hum jr. 300 _and
b¥Fegertatymififica gy cpy gﬁé%ltyéaéddﬂwﬂ%g?@ élre&gy agjacent the screen and
. , .
FELEER i FRLY B T B3 s 8L Bl Lihe Bopd is
i mbyutdd or $heaH Pz 2Ot 088 a8 (5 tRPETAIEDO 6aye)the 108d may have a slot in the

hum di fi . Lo the.web on.one.side i nmedi at el .

o etion heclterbnaf inthe) STaBRonE stbret® R iedn drgtion to the

t dpeenQuridyih¢hhdrb@HboWpAH FERENENt S can be varied to

suit the size and shape of the print station and the

hum di fication requirenents of that type of ink at

that print t.] ' vir i

can bo uddgpd iR Byl iibering GOMRR FhbBReR 103 o 6 and

t dieth sseli@B L8R Witapriktihg ditkibadic abmpe@ntsased & pro@idedhe means for
into the hood directly adjacent the screen an

d
r Bmidification ohthe weberiitigsnyiyorsrent e alsorilairaied indgure 4 which
PiERAES fo i? gir@@@,dscréeﬁ 30 SRR s id AFFOHBL gx‘ge glﬁthtgﬁ:?for tions 304,
upper screen franme, as 1s typically the case, the 50d"
nand preafoeateons MO0, side pipeat 305dhoteshbivop A tpipe Widreeith sevarabperforations

printing). to, al]ow the s ee to npve in relation to.

s ik SRt RrErR B LA F risges B plowvies By@m Bt €air 302 to
Fingi#ifin thd Hs@siPbl @Ml RNE BRRINGEIRR30he Pt §is a ?ers%ective view of
environnment around a fifth and sixth sections of the

weipe g4 mithmgrfoionp 460 to Wowpotemtluimid eit 303. provi de t he

means for humdification of the web printing

environnment are also illustrated in Figure 4 which

i ncl udes Hi@geRUFh dcitintatid Aihgras desibrinpOl diffeadnt SqacREed dhgles which
air 302, pgﬁe with perforatgirons%gm, and er@(?%rgfgi or%ls

gwgludes 3 subsirpte 242, pays roies608 mdrsyueeged fPfe q ¢f the squeegee 800
. - S
LS B e o TR IR ISR e

t mvention the angle of the squeegee can be 15 +/-5 and preferably +/-1 to 2 degrees. Note

O

that the contact point of the squeegee 606 to print roller 600 is the same for every squeegee
angle 800.

Figure 9 is a schematic diagram depicting 2 different squeegee positions which
includes substrate 242, print roller 600, lower print roller 303, squeegee 606, first squeegee
position 900, and second squeegee position 901. The squeegee position is the position of

the squeegee relative to the center of the print roller 600. The squeegee position can have a
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mai ntain the viscosity of the enzyne ink onscreen 301.

Figure 5 is a perspective view of pipe 304 with
w@eeohos®mbo ons 400 to bl ow bottom humid air 302PCFHGHA08/004708

8 is a schematic diagramdepicting 2 different

squeegee angles which includes a substrate 242, print

roll er 600, and squeegee 606. The angle of the

squeegee 800 can be varied to optim ze the definition

of the print area. In an enbodi ment of the invention

the angle of the squeegee can be 15 +/-5 and

preferably +/-1 to 2 degrees. Note that the contact

R4 B effdct bl EhetHIERAEGS Of HAfted MkP 'THR gombh of tHeQQuécet b be varied to
sanme for every squeegee angl e 80 Figure 9 is a

optisnze the dgfinition af hepriot fi5g 2 di fferent squeegee

positions which includes substrate 242, print roller

600, |ower print roller 303, squeegee 606, first
squeegeeFigagsit isarschéaticadigeranciepidting o eagaesmpsﬁsttm (1000) which

901. The squee ee p03|t| n |s the o [ n t he
sta%‘éfzjé@ e 4% ErproflfEotll @ﬁe%% PEPi0l. Inone

30erb5u 8RR ABED éc‘?%i%% : nafe&lé%‘% o i elosest distance between

tsktech 385 andfubptratet2dd. mk prefetm:dmﬂnodmwnt of ﬂuhmvsmtume g@een snap

;2&@%?}:@@{) .nga%'l%oqur tlllgl[enfﬁé'n(b% g(? %glﬁ%@g g‘ﬂﬂ%gste (Eé(i)(ﬂtis set too
%I?%ﬂu&@@@@% SrBPER i diORR) deabicdrech BOA Wﬁ&ns%tbﬁl& 6@4 &nto substrate

print roller 600, |lower print roller 303, and
s?dﬂe@ﬂl srfﬁcwmrprm defiaifibodlfthascresn snapsdtting:00@)is set too low, screen

S50 L 5T T b S5 LB giion.

enbodi nent of this invention, screen snap setting

(1000) naybe a{Jpr oximately O.7mmn |f the screen sna

setti ng Figyooi 1 ilipsigates %@(Pl?ﬂeéﬁ’le"‘é aﬁ%er@e@%%n%emﬂl which

S 1 t

SAip St s Aoy REM P BhEilhe 1o, pltcBREL Al L1V, Fnd heater bk
[ 11 Och:ﬁuBthIré dnatenizgnkda08. hgan dflfdimers of Gie 1h0mtiony\hot plate 1100

PR SRR P wbae S i Pt P0Gl pElhisginvention,
'ﬂdt Bk AR mMATHELRUQLFHh Tef¥h &id Iﬁa%@ﬁ@mi tb'aﬁg%ot&ﬁnftgftﬂrg 60°C. In

1"which conprises first drive roller 210 )
1a1mbddnmsmt off dast ipvertsimnk fist beater denlohtD Ih sexoed hiateibank 1102, and third

bank .110 nb
SR L O o DA RS Ty Bl
Shbsrfé typeRad/oticldidss andibrang Bﬁﬁﬁtﬁ&ﬁt aihadntePfinpfatures
this invention, hot plate 110rr§a/be coated with

TP wHergd in theyroreshesavedd be uadasstend bnthesg skilietin theart.

d")

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

herein.
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an enbodi ment of the invention, first heater bank

1101, second heater bank 1102, and third heater bank
wa1®3/osdeoww hot air at approxi mately 160C. Thi SPCHGBR@®3/004708

varied to suit the substrate type and/or thickness

and/ or any pretreatnent and/or |ater tenperatures

encountered in the process as woul d be understood by

those skilled in the art. Figure 12 illustrates an

expl oded view of a first drying zone 217 which

conprises second chilled roller 218, second drive

roller 216, first drier bank 1200A, second drier bank

1101 A tripdurél 18 ilhBtrated B edplOdA) view f b 8edonll dﬂiﬁ%kerﬁbﬁlﬂﬂ which

1103A. In an enbodi ment of the invention, first drier

b‘?ﬁﬂ@ﬂﬁ@@@lﬂd dsiveaplder 2R3 efirshdiee banl 12008, speand daier bank 1101B, third

N T

Vs bahie 1200035 rssédhddirieybzhﬂ:osmlBkt'hhrﬂemef Baﬁkhlal 02B{ afd foth drier bank
t he description herein. WD 200 39600
POfBEIons @fm@sippmxgm@nléo qggﬁl@éwb@w,ans@ agwould be

&n%] ises third
g??@gﬁ%) er82 ]ﬂ$¥?2?3%??g?ﬁﬁédéﬁhg%mpggggcond drier

bank 1101B, third drier bank 1102B, and fourth drler

bank 110 npbodi ne t of .the venti on,

oo or bodhieurs do AusEHes ah SHrlpas W or s DSy g 7oge 20 ayhich
m&&&%ﬁhmefreﬂ@rtzmdﬁfsﬁan&m 134683 %n@ keuwad 'a%rﬁdr& 1101C. In

at apgrOX|nater 140C a1though his may be vari ed
Q;bmeutmféhtsmmhqmy firdhdoer lmklllzﬁelc and seh:enédnelfham 1101C,

QB}NB glgﬁ t 1 oiTxDrggtI%ry §O°Eaa%§ l?%l]lggl | |y;%.0‘5%% %ﬁ%vr(])uld be understood

C@ffﬂbbéﬂéﬂé@h%@aﬁ fropEthe Aedcpiptie® erefnl. r st dri er bank
1200C, and second drier bank 1101 C. In an enbodi nent

of the |nvent| on, first drier bank 1200C and second

drier #&9% iftostrafdh QRx e@%edashéw gabe it ng'b?%é %ﬁ’ 2%%(‘%/111011

aIthough e vari
t boamissk fifth edive mlteln @3 &y firstf drieinbtulie 1 008X, ang Bd:cﬁﬁd ﬁﬁélebémlk 1101D. In

F| gur (1.’2[5 il u@é{ﬂe{%%%nag&%ﬁﬁgggf&bwaaéﬁ L%;gli)ankHOlD

zﬁéws fhbf At aﬂ@%xugﬁt@b 3020 UthoARANRGRANEE Pirlelas R Pe dnderstood

an éenbodi nent of the Tnvention, first drier
bla‘nthos_ezﬂ@lﬂtchmdhsemﬁnm theidescriptionchareé®l D, bl ows hot air
at approxi mtely 50C al though this may be varied as
woul d be understood by those skilled in the art from

t he descirjgirk 26 il@k@tcd an exploded view of a first cleaning unit 204 which
comprises tacky rollers 1600, blue polymer rollers 1601. In an embodiment of the

invention, blue polymer rollers 1601 contact the top and bottom side of substrate 242 and
transfers particulate/foreign material to tacky rollers 1600.

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

31



Figure 16 illustrates an expl oded view of a first

cl eaning unit 204 which conprises tacky rollers 1600,
whbwe/opebymer rollers 1601. I n an enbodi nent oPCT/B82003/004708

i nvention, blue polynmer rollers 1601 contact the top

and bottom side of substrate 242 and transfers

particul ate/foreign material to tacky rollers 1600.

Figures 17A to 17D illustrate views of an insulation

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

invention with proper registration. Note that Figure

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

r . . - » -

i Stioh 0 B Eeck DR AL He 190CoRbR R 2 i

giusitionedint eéweantho solshesgbon reclanglerigde dnd thefregjemgula tarbon line

L8 SHRORE R oo ask ooy Byer oo i PAopgEat i four comners
St9picslF eRMay BE hétBak Rt 4aBstEE 2ALEHIMInDYetFeen the rectarggular

rectangul ar carbon |line 1703 onto substrate 242. In .
siopdeitngdine 10l and gglid earbonmegtangled00.3Thewgtptrn gbmewation layer to
PCTE/ 003/ 004708 i [ O 4 prj .
rattofTatit e P ErkeP bl R irgfbet e ALl shpokeg gy sccond
Wikioh sérsor PRI iviHicHi@Gn @ribedineein cdrhpriss lal cdmes fuditted at each comer of
rect ansgrl e 1700 and_ the rectanpgul ar, carbon |ine

1703.
Ve substate; hyeically bis foeepart of Be inplizatign at the glagiaf kg pyint run. An
| (goepz{t&pc%ﬁ ) 1lfodrQ‘HItnegéjrg(’}ﬁ%1 §ubs{r¥t@aﬁfalc€1¥t otng Gh&thE8Pon zP?V screen.
n 42 s g be he

uncoat ed substrate oW n ween t
("Flod apegtbndan thesvikadllyrigspottthe fepiktrasionl of msilldtiomtdoebon during this
rectangle 1700. The registration of insulation |aye
it procey and Sndosd g lneomaindet ot b gy 4 can malke
OB Qoo 16 nEAEIPHh b Vo HEGNEn ol S4rBEn BRAS o

I n one enbodinment conprises a canera
pregistratiomat It szesid borpreecigtd thahthesvdbstiewen22Tppinprsing , for example, 4

g e A osbons sl @b ituy B oL By o forwards

Ofor B3plagalahpshbofALRE Lihe fORCoRitRé bEsach Bard. TusShE €6fers of each
The operator can then visually inspect the

regd axeroaly wiswed forrstinction gh 2 second opdhe digplpy gineathe substrate beneath
B Cpeh ' SRR, i SRGCELA UL (38 dygpah heapparats.

dUlhis Systen esatdescangreessad sed stanily thet ditecisranyladjustoenhélmay make
carbon prints into_ registration, |t shﬁ%ld be

aroachatsplatingio eakon fEgistyatiRe Adsasiments fisapsraipy may gake include,
. r oy

AR, oy TSRS AP g B B AR posion

diegpivayo aYS daption; sopéengmsitionfin tddatidndta® (Thetap rGnoefthedetver

card., Thus the corners of each <card are only viewed
f eisatomnbasiben sgt up andhisand giher paniftaliong (using, igwet28 and 234) the

SHRSTAERL fitd? 4188t dEistration system (using marks 2107 and 2108) and the automatic Y
registration system (for example, registration systems located at positions 237A, 237B and
237C using marks 2101 to 2104) are allowed to take over and monitor and automatically
correct X and Y registration during printing. Marks 1700 to 1703 shown in figures 17A to
20 D can be used for automatic X and Y registration during printing as an alternative or in
addition to using marks 2101 to 2104 and 2107 and 2108 as would be understood by those
skilled in the art from the description herein.
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the viewing caneras is constantly being replaced as

the web travels through the apparatus. This system
we@p@blzso@an operator to see instantly the eff e BHGBRO03/004708

adj ustment he may nake has on the insulation to

carbon registration. Adjustnents the operator may make

include, but are not limted to, screen print stroke,

snap hei ght, squeegee pressure, screen position

relative to "Y" direction, screen position in relation

to O (Theta). Once the viewer registration has been

set up on this and other print stations (using viewers

228 and 28shre { DHlusitbO IO dil iakildionday@db ShibdhilRr for an
system (using marks 2107 and 2108) and the autonatic Y

{%@boslirgmti of thesipension (Wit ineprapgpiregisiatipnsyhan the tsylagioe pgwork is
t . ! )
20580 B8 o3 80 Pyl 52 EE B0 SepuOrd TR B B0 if the

adasurBdniddadulationgerees ate te aditle ¥zé agihi difehson Becausgof the substrate

printing. Marks 1700 to 1703 shown jin figures 17A to
e rhiesiisiched akibe seresh stikennay e difkrropt rne@cgsr% {@sfower screen

A0 Tl ATt s S o
uweldr NoedhatiBigited84 repiesdntetieitop lefieFimute 18R thettbe right, Figure 18C the

eHoe3 0030087561 P b Bog e Pl et 2196 I tpinsulaion

| 354118 Chi®0n 1B% et Brafidd RAMPréPERht S ofdRe RINPCSINERNInCcOted substrate
the invention with inproper registration when the

| 2Rdaatbieobservedibetiveensthe freiangular insutasingiling d/0 b and solid carbon
printi,n an.the .carbon artywork. This ccur _eve
et 20 s e RSP ORS HBRH s o 56 g B Rfgrked
| Maflilly b EIPeIAR BRsREEenOVisidhesefisdrsppat e my have
stretched or the screen stroke may be different in

each stage (a slower screen stroke gives a relatively

| _ . R
t he subetTAR o Biftheefis Wy b A1 R chftBfTeltor an

t érabddimehtadfithe fivention wilBinrepérapgisirativn, whérgthe prihf@ itsuéation
oA B Ao P BB B o
rﬁ%l%&gﬁﬂhﬁ'}néfbé 1BREQREIN Bht GMBe Sdrbdd)®r ft%sﬂ%&?s{}c?een may be

uncoat ed substrate 242 can be observed between the
r hottanian drat pfithglcatbiongrin statidi)Olotertbiatdigird 18 Ardopresents the top left,

recta 1700.. .The. r eqi atiogn qaf.i nsyl.ati | r .
Efeudy o g e e R batOmr R g 450 BY Bbttom right of
ORBER sBEet Y3 DH.I VARAIRGHNYIIEH Q12§68 Varbdd aydr répistiutib is improper at
illustrates a view of an insulation Iager to carbon

| enyeeaf thefous nomerstmgpatethsubstrate 242 icaw bp pbssiveg iekiveen the rectangular
%ﬁlgﬁ?gr 1in19b? taﬁc?géh%nca%})%r}e&gﬁglg 1h89.€ q"h'e rllgé’gtﬁattfog%f 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,
hollow insulation rectangular line 1701, hollow carbon rectangle 1703, solid rectangle from
the first enzyme layer 2000, solid rectangle from the second enzyme layer 2001, and
uncoated substrate 242. Optionally, such prints can also be used during manufacture by
automatic ongoing inspection systems such as inspection system 237 in section 6 (after the
second enzyme print). Ongoing registration is typically otherwise carried out by a
registration system (not shown) at positions 237A, 237B and 237C in the “Y” direction
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artwork is shorter than that of the carbon print (for

exanpl e, the screen stroke for the insulation print
woreap4los9ebonger than that of the carbon, or thePCT/GB2003/004708

i nsul ati on screen may be shorter than that of the

carbon print station) Note that Figure 19A represents

the top left, Figure 19B the top right, Figure 19C

the bottomleft, and Figure 19D the bottomright of

sensor sheet 2106. When the insulation [ayer to carbon

| ayer registration is inproper at one of the four

corners uncoated substrate 242 can be observed between

tA8 Bye# rafSdiRdh cohRSiydleidBokinB @l rhadks@N05 $Rkitiufe? ROMn the “X”

rectangl e  1700. The régistration of insulation |ayer
. tdirectembon | ayer can be checked manual |y by an

operator using second vision sensor 222. Figures 20A

to 20 D are schematic diagrans depicting the results

of a propgmse #10X ifdn dXahiple offa SASEIHestivak @ﬂtsﬁele%o@ﬁde 2100 and

(see Figure 21A) which canprjses solid carbq
rSEeansge® M@OOZI@SI Buegipsationmasks 2 Hd: éﬁ@&ﬂé@ regjsigtion marks

v/ I I
PAGE ol RSRBRREH R AR A RRAATL s o X
fnagmr:tthm make A% N¥yteehdt & srpis?@dn marld 2106 coatpeides carbon X

substrate 24 I uch prints_c also b )

FEiFrRHA lﬁ@rkf?éﬂfo@aé Fﬁ%ﬁéﬁ SBAdeT & 8ngigure 21B s an exploded
| 16W ©F bhORw YWihA Rnst Shed 31 o&mgtda%nsx %éﬁéﬁa%%ﬁ mdfk 2107 and
section 6 (after the second enzynme print). Ongoing

rsegorsk VB gnde: %OQZy dFigae 2y Cas e explededodewiod dnouw jthin sensor sheet

AR iR A s iR o B o8 Ssbh St BAdatp2. nsulaton

Fi@ﬂaﬂez @@s’ﬂérﬁi}éi%%ercem@ chbod X ﬁ’a@lsﬁﬁﬁéﬁ afk zmt dsQllustrated in Figure
i/lstem | ooki ng at marks 2105 (see ure 21 A) in the

'C angh m@@mgﬁq’)prowﬂw wigRerpqint (éﬁﬂ g s@f ofzmark7d §8) in advance
[ 0 i .
ot oSttt ool ke 2107t st BB EgR Foxrs are printed
riagelatiorato tha sdsmh& prmﬁ%:al CDa?},;er (iRithid caSerth@imsulation tiyery@atker than the
2103, and gr%%”th %str tion rks 2104; and X
raghonlpgan JhisRRpibs vseighsaynbihe spramd ard sabieghent sergen artwork
;
st SRR G X ot (ot Seb BTt st artwork
|<hmn31e|xmﬂldé@d1raqtlew of one row wi thin sensor sheet
2106 with a carbon X registration mark 2107 and
second vi ew gui de 2002. Figure 21C is an expl oded view

of one 1 oW dipldied vESNSOIneIOBRY of a&gﬁin lgfi{de@{3 shown in Figure 20A-D,
i nsul ation é3%dl)regi stration mark 210 Wghsecond Vi ew &

goithesegoore 111 whighdheyare printady At g@gn 8rficagionp P@Nﬁéiﬁt@fmﬂ 103, a solid
,E(faarg:%ﬁlgre%(tarrlge‘lgll%d fastpn%rt]e cr)rlfg \%11[95 rg&arllguhabr'%tarrb%%l ne 1903 which

surrounds the solid carbon rectangle 1700. At section 4 of insulation print station 104, a

rectangular insulation line 1701 is printed between the solid carbon rectangle 1700 and the
rectangular carbon line 1703. When insulation to carbon registration is correct at all four
corners typically there will be no uncoated substrate 242 showing between solid carbon
rectangle 1700 and rectangular insulating line 1701. Additionally, at section 4 of insulation
print station 104, there are two more rectangular insulation lines 1701 printed directly
above the solid carbon rectangle 1700. These two additional insulation lines are used to
visually assess the registration of first enzyme layer 2000 to the insulation layer and second
enzyme layer 2001 to the insulation layer, this is done so by printing a solid rectangle of
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21 C and in doing so provides a trigger point (left

hand edge say of mark 2108) in advance of that of the
w@edogiosmbo car bon mark 2107. This nmeans that angCT/GB2003/004708

subsequent |layers are printed in relation to the

second printed layer (in this case the insulation

| ayer) rather than the carbon layer. This can be

useful say if the second and subsequent screen artwork

di mensions are longer in the X direction (along the

web) than the first screen artwork dinmension in the X

di rection. An expl oded view of one corner of the print

@HERS inkswithia Wt febtafringar iasddnline dstillidtetaldn Feguee 200 and 20D.

whi ch thgé are printed. At section 3 of carbon print

Sihws therthird and fousthy nrintedlayess gan ke tegistared tobe S¢C§n€ PRdyRido the first
I . _ . .

SR 8 P RS R0 s S e e st and

4e@indilagans Gvhicinmay ibe reqiimt ishould @, substrate sitacigaftarthe first print

insulation Iine 1701 js prjnted between the solid .
SEBoT e o Hhsh i faS6n BRiolmGbin s it fsigone 217)

' ' Pof BE] frhi@$h (aStol £300um i
ShiBe oAb R BlGR alerk R0k BERFIEBIAh aiplergpce of 300um s
ngpivaldndiecX daultiin).at e 242 show ng between solid carbon
rectangle 1700 and rectangular insulating Iine 1701.
Additionally, at section 4 of insulation print

station AQ4udRiign i irds Cad¥J, Gt 12 Cha B9 tleAroddls Whbdtiafin42,
lines 1701 printed ditectly above the solid carbon

riedtiding lthee £Qs piihted ¢hareun ia deivatind byl reivinglgt wnit 07 4ndiis ghen fed into

SR St R RS BB GH G o
SRE% Ry LB RNNRAE he®réddePindh W ACCDNX] By Bheta, HlbAinleBolster Punch.

done so by Eri nting a solid rectangle of 34 WO ) .,
eAreaoBoThpeRisterROGI enarena CER, isenisikemite ok at fBreco Dots

rectanaul ar 4 nsul ati;on | i [ i D L QL

SEECE RS fsfied S5t Cob it Sig i, hasY DR bt o Al o the carbon
Giint bed eepisthe paac 10 “phacttabocddand sqadret AT Helmtgut b§Punch 108 is a
printed ] ayers. This has_the advantage that a change .

iS5t frRupched cardssush esvhose ilvstrated i Fighie 214 cighghe %3%% ejected
(b . ) ‘ )

P TEIRE) b Aohf ity bR e St il s
Heatoda nehdeewhichmeaisdwunf dreduiréodes bieeddbraatd wrigentify adwather the card is

St of Brelon Siston To 4 Breb abast, ABh w eyl efhotion of
tiaRctkd dhid8 Ghi Bittied O8t. Thé USlE Rle¥Red Stadkled'8h &6p ¢f GHetndther in

at” the end of the process, substrate 242, 'including
tivepasatingoios thement mdnufheirdogste r ewound by rew nder
unit 107 and is then fed into

At carbon print station 103, insulation print station 104, first enzyme print
station 105, and second enzyme print station 106 all have a means for visually inspecting
the registration immediately after the printing process step using first vision sensor 215,
second vision sensor 222, third vision sensor 228, fourth vision sensor 234, respectively.
For each section in the web printing manufacturing process — Section 3, 4, 5 and 6 - there
are Web Viewer camera systems located immediately after the printing process step. See
Figure’s 2A-2C for web viewer locations. There are two cameras at Section 3 and four
cameras each at Section 4, 5 and 6. The web viewer cameras are part of a manual set-up
process used by the Web machine operators during the start of the print run. The cameras
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punch 108, which may be, for exanple, a Preco punch

which is located within a low humdity environnent.
wabw4@s®wem Punch is a CCD X, Y, Theta, Floati neCB0oB2108/004708

Punch. The Preco Punch registration systemuses a CCD

vision systemto | ook at "Preco Dots" which are

printed on the Carbon print station, these allow the

punch to adjust to the carbon print and enable the

punch to "punch" the cards out square. The output of

Punch 108 is a set of punched cards such as those

illustrated in Figure 21A. Punched cards are ejected

f 4+ WD GAe vt BBntRA nPirs, GWRHENE thelifitial sdi-ib Df 6ABYR ¥BENment to substrate

belt transports the cards under a barcode reader

vt 2oindrregistzationdbebieantinsubationdayes to parbertlayerarfirst @zyme layer to
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vi si on sensor 2 respectively. For each section in
t imechied) JeciFigura g1 Aa X disestion registyatios éseniroBedtby the iBterng] registration
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PRt ot e graapiney TR ot igte s Hied SRRLO RN SR Eig e KB ana .
FORUWREC S pAkt dyRlec ¥ eRbot X \WesistAHoatnhAR 9107 13§t i@ thid@rea. The
caneras at Section 3 and four canmeras each at Section
Alnsglation|pwnting Ryclads regisioer iehgiaskonamint gaing sesogs which use carbon X
nual .. - r ' .
T E AP 3808 oo A5 BTt o prim
ChR®latsn ink3n M@d&ﬁ&éti( Iﬁlﬁﬁﬁmﬁo TE@EA?BQ go&g&&éﬁ@?nmm L(Hadfed for this
to view printed nmarks, which aid the initi set-up of . .
cBYBeTF 1 fhegovshprinted withdpsulption Xoregisiration @gﬁs% {05 qg s utilized in the
b ; : .
PEUIERLS L0 L B8 o0k S Sl S0 Bar 00
i withltlat inswlatiGnypnint. TV dirpetiontriegigtrafitinde sordtradled bly istgistatidn system

i ndi cated.on. Fi qure, 21A o) r i nt  al i gnment ,.

Lios SR S 905186 238 SRR, Wihichn bl S diment of the
PlivehtiddORhy b&8n Efrdn®lt diRitibA sidiem 8668l alimbePDECH58 from

242 as it tuns through carbon print station 103.

Theopoldsbohe, |Geamipny Thisilizesithe pringdd areng 2504 do 3404 indicated in Figure
[ strated in FEig 21A The rbon.print is
i A BBt <yl TR Pl RR Bl Bl 7 heso marks ae

Sptied il érder that the subsequent print is registered, via sensors, in the Y direction. The

Web Database records process information during printing. Information recorded in the
database can be traced back to each individual card via a barcode, in one embodiment a 2D
barcode is used. Typical information gathered in the Web database is outlined in Table 3.
The Web Database has the ability to assess whether a process parameter is Acceptable or
Unacceptable and can be used to reject cards on this basis — whether the parameters were
running within there tolerance limit. Unacceptable cards may be removed at future

processes either manually or automatically.
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the substrate

edge.

Regi stration of the individually

printed layers is required in the X direction (along
wa b@4ozaegd h of the machine) and the Y directi oPCT/GBR@®3504708

the width of t

he

registration is controlled by the interna

registration

system of the nachine.
printed areas indicated on Figure 21A, B and C.

On

the Carbon print cycle a carbon X registration mark

2107 is printed in this area. The

machi ne) See Figure 21A. X direction

This utilizes the

[ nsul ation printing

cycle is registered to the Carbon print using sensors
registration mark 2107 to allow

whi chabiss. car b

on X

r egilsétatbilraft| enDyive Badly ¢r| 2000ieaRdnls &¢ondDeez Bamk 1 Drier Bank
| ayer 2001 wijth the insulgtion print. Y directjon
regi strali on ijs cont R ed by Y r&§3stration s§ktem of 4
(ot _shown) tocated at posiftons 237A, 2378 and 237C ]
Whi cBncthﬂeZ gnbodriee Bank? |t he DrienBenk 2 gn nRyichBazin2 Drier Bank
Eltromat.feqgisitrati on.systgm nodel.,nunbper DGCCG from
Leopol dgfh{) Ger man faTh| g utili ?gé the pri nt8 ar eas of 4
2101 _to 2104 1indi cate Hi gu %aéﬁ On ea rint
Squeegee
cylengr%‘B%n, %{"Pg hﬂ?é ¢ | Enzy ReYeesee queeg
t hese mgrks arle pripged in order ofBat tihe suyhseguent Pressute
rint is registered, via sdansors, in the Y d| rection.
The base Ar OCess., mat i ' .
pri np}qﬁgB%zn or mat1 on recgrded I'n Pﬁltélgﬁc at abase cgﬁgbe Inside Hoo
traced bfictk to each iofidi vi dual caofl3vi ala barcgRE, in %RH
bne enbodi nent!-a—-2D barcode s used—Typical
nformation gajt her agubthebnd Veb sdataiasd i S HuMd 6 |  Inside Hoo
n Table 3. The Web Dat abase has the ahility to
assess whet her| a prbigssge par anet Riessuge Agcept aHTemmr Temp
d—can—be—usgd—to reject—qgards—onthis
basi s - whether the paranetijers were runni ng @itshien Outside
[ here tolerancle limt. Unadceptabl e cards b
Fenbved at futjure processds either manyal :T? %RH Hood %R1
automatically.] 36 WO 2004/ 39600 PCIT/ GB2003/ 004708 .
Table 3. ti C|1 1t . ;CCl{ftin _? “CCl1 rr| Outside Outside
Cectiti+{t ~ |CC1[,,li f~ Hot Plate 1 of Blae% 1
Drier Bl Crier Bank 1 Orier Bank 1 oft 3 4 Hood Tem
Web Tension
Web Speed

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

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

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

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

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

vertical). The parameter 0 represents the angle around the Z axis. In an embodiment of this
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Drier Bank 2 Drier Bank 2 Drier Bank 2 Drier Bank 2

Drier Bank of 1 of 2 of 3 of 4 of 4 Drier Bank 3
waxioen3Bemk 3 Drier Bank 3 Squeegee Squeegee PRET/IGB2a@B/004708

2 of 3 Pressure Pressure Drier Bank 4 Drier Bank 4

Drier Bank 4 Inside Hood Inside Hoo of 1 of 2 of 3

URH Y%RH Squeegee Squeegee | nside Hood | nside Hoo

Pressure Pressure Tenp Tenp Qutside Qutside Hood %RH

Hood %R1 CQutside Qutside Hood Tenp Hood Tem (}~h r5

Web Tension Wb Speed Figure 22 is a schematic

di agram of paraneters X, Y, Z, and O used to register

t iRQeRID, el fillowihgpaREetes ard1Be® ) RER R thefollBRiMS®t Process such as,
the direction fromthe oBerator to the nachine side

ofor exanple beaphanrind gtatiae ADhdnqulationauint gtatien il 94 diref epzyme print station
Tﬁ% B&%n%%m%@ﬂft%&??ﬁ% he di recti on frpm unw nd
re uni

unlt’ (typically horizontal).
The paraneter Z represents the directi on per pendi cul ar

to the X and Y directio (tylcall rtical),.. The
par amet e Gn?@Bg f?‘ﬁ% tan %ﬂ'étpzt&hgwebn

ARaRAOME Blostls 8 Bicle %%tr%ﬁlﬁ%%"?%?%nﬁgg Garbon, Ingulation and

airve) idsutical Enzselge kyers printedfin kégistemuitiponednqgther de ﬁzmmmps each
for carbon pripnt station 103

S Caine ah el rogiemiett SgoL e fesSeien SouAchesiod gt dtieting

aGthcd SEANHbISHT Y516 "].'Hétstr%sae{ré ﬁééd]f@ﬁselitﬁoﬁﬂ&i@m&&?@hcose in

of the present invention, the output of the web
nmmnr@@pu Witheg peist é’sgducgonwfi:sgv dastans i sthips atevemvicaged. At present

q
RO AieRalpPmebfe ot ¢ SN ——
f @t $thidhas aﬁﬁlhble from LlfeScan, Inc.

A schematic diagram sample of the artwork produced is in Figure 21A. This
illustrates one complete printed card, which contains 10 “Rows” of 50 “Strips”. There are a
total of 500 “Strips” per card. Print orientations are also indicated. By printing rows 0 to 9
(each of 50 strips) parallel to the direction of print, the process can be easily extended to
inclusion of a cutting step separating one row from another. Furthermore this means that
any defective rows resulting from cross web variation in print quality (perpendicular to the
direction of print)can be identified easily. Each row is allocated a number (identified by a
barcode) and therefore specific rows from specific sheets on the web can later be identified
with reference to the database and eliminated without the need to reject the whole sheet.
This increases the yield of usable product from the process and renders the whole process

more efficient,

The movable substantially flat screen copes well with the t’ypes of ink
(solid/liquid combinations) used in the printing of electrochemical sensors. The use of a
movable flat screen can enable better control of print definition and the deposition of the
thicker layers of ink needed in electrochemical sensors than may be allowed by rotogravure
or cylinder screen printing. A variety of types of screen (with different mesh, diameter of
thread in the mesh, thread separation, thickness, mesh count ) are readily commercially
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contai ning an el ectrochem cal sensor and associ at ed
contact electrodes for detecting ducose in a blood

WG 200pl089600The strips are used for sel f-nonitoriPgr/eB2003/004708
bl ood gl ucose in conjunction with a neter.
Producti ons of several designs of strips are
envi saged. At present the web is designed to produce
"One Touch Utra" strips for use in the One Touch
Utra neter which is available fromLifeScan, Inc. A
schemati c di agram sanple of the artwork produced is in
Figure 21A. This illustrates one conplete printed
GRhlabldMY dope AN BE AEfetéht r&pi@metts cTQiffébiit tpses. of Tileinathe continuous
are a_total of 500 "Strips" per card. Print
ov¢bepringinig precesy agiosoinpHalemeBEMBy printing rows 0 to
9 (each of 50 strips) parallel to the direction of
print, the process can be easily extended to
i ncl usi oBecfus@ofthietarggctha of thedlatkiraen, priat rotler, Sulsstnate and a
another. Furthernore this neans that _any_defective )
rgieegeR uiging the SPGB Sl AN PGSO Papysters are available to

) r o\

AR QEEE Bk OIS sofLIoRF IS, SlpeRS PubEged position,
(sqdesyee ta printhyller pokitionoshe) distehce,relativo speedpelsubsirate and screen and
fromspecific sheets on. the an | ater be
| ABFRECE EEY o GRiEnZF Lkt bibees Tor ERfmebise Sengors
elimnated without the need to reject the whol e sheet.
This increases the yield of usable product fromthe ‘
process dndumsradize bricfly invhpke npnyiessingprecesefor mangfacturing

The nmoyvabl e substantially fl I j
RGBSR SRR YL e AR AEBRE R o unter
tBRsieoN duiring e pfocedse Ceqeinen}: satioteisexampldéarbas ihilation, two
nmovabl e flat screen can enabl e better control of g{;lﬂﬁc )

ginks efficiently

e} iypivaty gadhse fllasediyorirgmesigiont fp exder tq dry
e S AR Spbi ok RIS ORI B BB RAugRap

Viauritetjorefto hidoegistriticcofabawebitirbughi édch peintingrststion, the web is placed
di ter, of thread in the nesh, thread separation,

‘H?%W@%‘Q?- mesh count) are readily comercially 38 WD

2004/ 039600 PCT/ GB2003/004708 available to cope with

the different requirenents of different types of ink

in the cdheisnbatiate haggdbpkemuinder torsieretoropakisgistration within the

i nsul ati on zyne) . Because,of .t he.arrangepent, of, t.h
T S L R s e
Upraitiig, the Suisieewill Srdhimpkdiiectshlh &hﬁs&i%ﬁma@e%ﬁb ivatiytid in subsequent
paranmeters are available to be manipul ated (screen to
seids.r at e angl e, squeegee angle, screen to squeegee

position,

The size of the image printed at each print station is determined by several
factors (stencil size, ink viscosity, relative web and stencil/screen speed and substrate
stretch at that point (both reversible and irreversible stretch) etcThe image size variation
(between different printing steps) when looked at the end of the process was found to vary.
It was unpredictable and higher than expected significantly reducing yields. If the
mismatch between image sizes between layers is greater than 300microns along the web
(x-direction), the product will not work. The excessive image size variation was thought to
be due to excessive and unpredictable stretching (due to heating and tension) and shrinking
of the web substrate.
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squeegee to print roller position, snap distance,
relati ve speeds of substrate and screen and squeegee
W@L@)}/08wo®pt i m ze the print process for el ectrPCheBR@al04708
sensors. To summarize briefly in a web manufacturing
process for manufacturing electrochem cal sensors,
the web expands or stretches as it is heated up and
pl aced under tension during the process. The printing
stations (for exanple carbon, insulation, two enzyne)
typically each are followed by a drying station. In
order to dry the inks efficiently the drier stations
operate at quite high tenperatures (50-140 degrees

ti . d trat ft
e 1 hr ouldl et SREEh gad e 4oSPHRE s P siinepgfems in fat bed
Upsting. ENSdole thd PRoblétR $i haRbIAScsS), ﬂ@@-sllﬁﬁﬁk stifiGle was tried. The

tension to control registration within the process,
a@béﬁﬂféﬂﬁsﬂlea% Enagsi erdﬁﬁm tcﬁmgadesbdf@@t@mg@cd in the web

p% Y ksnabl rinti subst r at
stt Fet ch th%?’%a%lt%t alBIlrfll easdél ohil I??diep rg{;i%gn and caued reduced

vgielddt i on i n subsequent prints. The size of the image
printed at each print station is determ ned by severa
factors (stencil size, ink viscosity, relative web and

stenci |/ r trert Y g?sgf‘f&rg*éﬁféﬂ gess§ ﬁ1%tl1 ﬁgxlﬁ%tnperatures ina

poi nt (bot e an rS|b e s
eficsTHeer oragthespreeonditidanat iabmwfﬁbxehﬂ\yehighdeﬁlf)ﬁﬁﬁmé so that in one example,

prlntl st S, n.J oked at e _end of the process
sttt el e b taifprigk i image being
Bﬁﬁ}egbﬁ%ﬁgstﬁtgnl ficantly reducing yields. If the

m smat ch bet ween i mage sizes between | ayers is greater

t han 300n1crons along the web (x-direction), the

pr oduct ot wor.k. The ess ge .S

D art ot HratiSiite shiSy B S eb HachiiBog it Sapl heats the substrate
utptetiocdepbdes caittl adéhmmehqiéﬁatﬁ@ Beduh et 8R5d@R) later in th
e ehr ne%Fﬁn e e N S ha i later in the

PPE’PP@Q*GB@P@Y)@?B@%@W%GW stretch and tension

does not cause the sane problens in flat bed

printing. To solve the problemin the web process,

pre- shr urik figutes2 A dtecfirgtelseater bak thihhe ufipiistbd silBtrdRencounters is the

B ptet, Tigiselrhop coeied Bate outaciunts sceopkieiahy oebaats during motion
'yélilgtﬁ@ webZBhe IRIRIsNERodichd QJbl!hg %cl@ﬁge 6PS SRt GH 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

substrate at a set point of 160°C with a specification of +/- 4°C. The calculated mean is
160.70°C.

As aresult of the web tension and the heat introduced in the drier, the web
substrate is stretched by approximately 0.7mm per artwork repeat. This was one of the

primary reasons for utilizing Station 1 as a preconditioning unit to stabilize the substrate
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The current proposal for the web process is the use of
hi gh tenperatures in a first drier or rather

w@e@aosmdd i oned at a sufficiently high tenperapd¥/6B2®3/004708
that in one exanple, irreversible stretch is
substantially renmoved fromthe substrate, prior to an
i mge 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

f pigatrte sadseljient biintig figadrs! Thaue ofISadtioheo pagonaitied the substrate
substrate encounters is the hot glate This is a

Terpreyestba stabilipy eft Carbomandinsylation Ray Legathaincs mygh of the material

LTRSS TR g e B BRI pRIRIEES. This i

currently runni ng at a set poi nt of 160C with a
speC|f|c ion o +/- 160C et .
statisti |0r19 fﬂ tal’i‘él ﬁ)@ﬁg&gﬁ%fw%ﬁ%)ﬁdg}g to the present

ThR erCah R Rf cyTRABr #s 30(9&@9 \&@emleﬁ‘th aﬁ%%wﬁe Peht Riden Jl§st in advance of
ﬂﬁﬁ

i ntroduced to t front face of the substrate at a se
pﬁnemnbfollpﬁo{:pmetbknngs mofsé air fiito she lmllowf cylinderd Bs aﬁhléj acent print roller
cal cul s 16

- FioF s SReCeyingg s PROHE TrimidRyRE B PutbindPiies Ghthesorcen. Bnzyme

SRimi#fidhtion Enayaié@emtdﬁs@emme‘prspém@moﬂﬁe Bhzyfi&ink oot change
calculated nean is 161.18C. In Bank 4 hot air is

i deningithe dl@odisgtand prinideg proeess thypughest a prinkupapastigilarly their viscosity
f h a specification of +/- 4C. The

cgbkg? EL %ﬁ%é%Q%%&% [60. 70C. As a result of the web

tension and the heat introduced in the drier, the web

substrate is stretched by approxi mately O. 7rrm
art wor k 898 fFmbagimentelsthe peesest 1‘9‘f?é‘t1°‘brW1%Fﬁ‘P Qlerrela%%humﬂlty inside

f ok hl(%ﬂ hid iieﬁ%dsart BLéwRen éS @13%95 V\%@tg%%g?%%%r%%%éﬁ%ﬁe HR hood is

stabilize"t substrat
PECRRDG b8tvoRn 18aind 2T Qrth¢ ambightretptivn humidityt éutgjde the hood is

SRR T B0 Percsal taidfe friprin e ha Raod S approximately
| ngeCall 2T, BeyyelBRe hbmidifyGRsiad MR Hebd Woald By &fpeakd to be maintained at

stretch has been removed fromthe substrate pri or
pe Feal A5 7 69Viomih @ Gpad 2 rndof CptrolUindeandsbe gavpeteturs nside the hood

h%ﬁlo :N i IC ;%;%Eétgci;troqlgl -cordi fé‘% ci‘?aﬁ?&glﬁﬁr es eg}g e Oﬁpﬁbﬂlfl}ﬁ Cp of 5.60

saiE£Qpk 088.94n advance of the print roller. A pipe
brings noist air into the hollow cylinder. As an
adj acent print roller

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.

While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will

now occur to those skilled in the art without departing from the invention. It should be
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noves, the cylinder noves with it, humdifying the

entire underside of the screen. Enzyne humdification
woreop4/08968t to ensure that the properties of tPEr/EB20pa©04708

ink do not change during the flooding and printing

process throughout a print run, particularly their

viscosity (thickness) and water content. In one

enbodi ment of the present invention, where the

relative humdity inside the hood is specked at

bet ween 85 and 95 percent, the tenperature inside the

hood is specked at between 18 and 22C, the anbient )

nedeastpodthativaArigus gltenatisies to theembedingnss offhe mysnti dasgribed herein

-50.+/-1 r.cent.. e ' .
B o b R P B8 SR Il BBl B 15 Ui
de@iete bdipelod atk imvsttidn had dupeetieds tud fmctaenwithingble stope of these
a mean of 87.69% with a Cp, of %.81 and a Cpk of 1.52
éhﬂn%?ﬂ?@%ﬁﬂﬁ&ﬂ&ﬂ@ﬁébPﬁg'%ﬁﬂé%ﬁ? ood woul d be expected
to be maintained at a nean tenperature of 20.59C with

a Cp of 5,60 and a Cpk of 3.94. It wll be recognized
t hat equival ent structures may be substituted for the
structures illustrated and descri bed herein and that
the descri bed enbodi nent of the invention is not the
only structure which may be enpl oyed to inplenent the
claimed 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. Wile preferred
enbodi ments of the present invention have been shown
and described herein, it will be obvious to those
skilled in the art that such enbodi nents are provided
by way of exanple only. Nunmerous variations, changes,
and substitutions will now occur to those skilled in
the art without departing fromthe invention. It

shoul d be 41 WO 2004/ 039600 PCT/ GB2003/ 004708
understood that various alternatives to the

enbodi ments of the invention described herein my be
enpl oyed in practicing the invention. It is intended
that the following clains define the scope of the

i nvention and that nethods and structures within the
scope of these <clainms and their equival ents be

covered thereby. 42 WO 2004/ 039600 PCT/ GB2003/ 004708
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CLAIM5 WHAT IS CLAIMED IS: 1. A nethod of inproving
print quality in a web manufacturing process wherein
W@ 200d/08%80 nmanuf act uri ng process includes at |RPEEGBRIVE/004708
print station adapted to print enzynmes on a noving
substrate, said web manufacturing process conprising
the steps of continuously noving said substrate
t hrough sai d process; depositing enzyne ink onto said
substrate through a screen printing process wherein
ink is deposited on a top side of said screen and
forced through said top side onto said substrate
Whiaglyd s positioned adjacent to a bottomside of said
screen; humdifying air at said top side of said
screen to a first relative humdity; humdifying air
usailg dioAnepDdRde of said screen to a second
relative humdity. 2. A nethod of inproving print
quality in a web manufacturing process_accordi ng tql ..
¢! & methodwhidmprovisgpuntiquekity in @l veehi manufaghiRg propess wherein said web
%Eﬂﬁ%ﬁnﬁg%@&kﬁkﬁg& S8Rt ¥nd pryf stufidn adapied io-printenzymes on a
percent. 3. A nethod of inprovin prlnt.g§§$lt%?lgkza
wedyingsbstate. ridyehmap g UERE BIOGPS S ORBTISHEA ¢y HPS OF
wh eé&ﬁiﬁu&%ilyfimﬁ){/ﬁlgtsaiﬁ%hbi&aﬂ@thmirghckhidwrb&sget ween
appr oxi mat € ei ghty-seven,a el - : ;
& SenosRBanDroT R T B e e L5 ALl Rbless wherein
ARio1eT dapbditell 0g apopsids of said serdémand; forceditiaionglasaifh éneside onto said
sajd first. relativ 11 g i | .
el B BRI« SRRSO Sk o
A nithiddfyifs dinasrseidi toig Sige ohsaid serpen §p 3 Hirshrefgitye humidity;

mﬂg&ﬁﬁﬁ%{dg@r rQ8stoACEAS 8if Af dcPeenab aistrohd rdlativehummidity.
said second relative humdity is between approxi mately

eighty-five and ninety-five percent. 6. A nethod of

i JTPA QYHIG 6F inibroviag piiay qualityinetwcbranubfcturing prpossoasesrding to
accor di t.o .Claim.pb. rei j - ' y d
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PCT/ GB2003/ 004708 7. A nethod of inproving print

quality in a web manufacturing process accordin%;to .
3. A method of improving print quality in'a web manufacturing process according to

Claim 2 wherein said first relative humidity is between approximately eighty-seven and

eighty-eight percent.

4. A method of improving print quality in a web manufacturing process according to
Claim 3 wherein said first relative humidity is approximately eighty-seven and sixty-nine

one hundreds percent.

5. A method of improving print quality in a web manufacturing process according to
claim 1, wherein said second relative humidity is between approximately eighty-five and

ninety-five percent.

6. A method of improving print quality in a web manufacturing process according to
Claim 5 wherein said second relative humidity is between approximately eighty-seven and

eighty-eight percent.
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Caim6 wherein said second relative humdity is
approxi mately ei ghty-seven and si xty- nine one

wheovdiozeso percent. 8. A met hod of inproving prP@r/GB2003/004708
quality in a web manufacturing process wherein said
web manufacturing process includes at | east one print
station adapted to print enzynes on a noving
substrate, said web manufacturing process conprising
the steps of continuously noving said substrate
t hrough-sai d process; depositing enzyne ink onto said
substrate through a screen printing process wherein

l m kA I fietded @ﬁhﬁ;&@mﬁ@ pﬁmt (ﬁﬁh i ige vdb ﬁdﬂnﬁ‘a@tﬁﬁﬁg oRBd according to
. su

rou h. sai nt o sai
'S ehisgtidRend e iny b vty b spyand sixty-
smneenehhﬁhédsrmrmt in the region of said screen to a
first predetermned tenperature; and humidifying said
air first relative humdity. 9. A nethod of inproving
p8i Atmethed pf ymbrevingpint qually ica web mpnpfastsing reeesss whengin said web
t RantthebfhS ro‘é@s%ﬁﬁélﬂde%%’t I@a&'o‘iﬁbnﬁ?&t@ﬁdﬁ’zﬁi EH:H‘USI fiMt drSymes on a

bet ween pr OXi y eighty-five and |ve
pEe¥mgsy ﬁffﬁ@t% éﬁ“g%‘fﬁi% “&%agé}rﬂ?qﬁ%aom%@g ﬁ{e@re@s 3
bet W atimRiuglytre@in@sad subsete Yhiowgh Qﬁ‘@pﬁﬁéssce nti gr ade.

Lﬁ% B¢ nﬁ?{htpgo?{ﬁy’&%@gg@g Ig%‘g Sﬁ%ﬁ“ tﬂ{?% ta%2§ %%H ingpracess wherein
smkds fleposited e atdpwiddnfisaidi seyeen and Gireesbthrayzhrseidi topside pnto said
&Xte%ﬁl\f %Bguoﬁ"édgz{a ééet?ﬂ tg gtbo&@ﬁxcs?cﬂat ofasggl s%?é first

et erm _ned tenperat bet wee proxi ma 2l y
e| g me@@rg Fnt thogagion Qﬁﬁ@ldoﬁégqe@ éxa @@ﬁm@g@a@m@ temperature; and

et haehi@ifyih §B48 Wir TstRElafile KuAdtyY 1N a web
nanufacturlng process according to Caim10 wherein

said first relative humdity is approxi mtely
e9.ghtmeﬁe& efl mpﬂ)vﬁiggrmt quality D@ &eb Mnﬁémrmr;ﬁ@mss @d@drdmg to

f’%iea?] gfchg e%-]{ gﬁ?(f fi mre o 1ev% %%H“&’ dlrstbu{vheelnglggxfog ely elglty five and
Oeinpﬁygﬁ‘efct@rcemz andésancbﬁtsbplredetempﬁtbtmmrqxunens bejwatn tighfiean and

WH@%&% énﬂ aRBO0Cess according to Caiml
mhereln sail ate is cooled to a second

pr edet er m ned tenper ature prior to said deposition

S1@PA A4hNO L6 ERD HRE dﬁ@fy@%@@&/ rﬁ%]@&unﬂg%roéess according to

ggtﬁﬁ?‘?c\yéﬁ«r}ﬁ%aﬁr%@g@g&g% f}lbrﬁgﬁgfds ‘ge(:}ween approx1mately eighty-seven and

eighty-eight percent and said first predetermined temperature is between approximately
eighteen and twenty-two degrees Centigrade.

11. A method of improving print quality in a web manufacturing process according to
Claim 10 wherein said first relative humidity is approximately eighty-seven and sixty-nine
one hundreds percent and said first predetermined temperature is approximately twenty and
fifty-nine one hundredihs degrees Centigrade.

12. A method of improving print quality in a web manufacturing process according to
Claim 1 wherein said substrate is cooled to a second predetermined temperature prior to
said deposition step.
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Caim 12 wherein said substrate is cooled to a

tenperature of approximately eighteen degrees
w@emwtioggeatle prior to said deposition step. 14.PEr/GB209/M04708

of inmproving print quality in a web manufacturing

process according to Claim8 wherein said substrate

is cooled to a second predeterm ned tenperature prior

to said deposition step. 15. A nethod of inproving

print quality in a web manufacturing process according

to Caim1l4 wherein said substrate is cooled to a

tenperature of approximately eighteen degrees

@eNiA fEAAE oPfrhsroving phiat gualiepdsd Welpmastfapturid§ process according to

Claim 12 wherein said substrate is cooled to a temperature of approximately eighteen
degrees Centigrade prior to said deposition step.

14. A method of improving print quality in a web manufacturing process according to
Claim 8 wherein said substrate is cooled to a second predetermined temperature prior to
said deposition step.

15. A method of improving print quality in a web manufacturing process according to

Claim 14 wherein said substrate is cooled to a temperature of approximately eighteen
degrees Centigrade prior to said deposition step.
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