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MANUFACTURE OF ELECTROCHEM CAL SENSORS Fi el d of the
WO pwe/03i28h The present invention relates, in gROEGRRG03/004656
to a process for manufacturi ng electrocheni ca
sensors in a continuous web and, nore particularly, to
a web manufacturing process wherein el ectrochem ca
sensors are printed on a continuous web wherein new
rolls of ial _are spliced into the process to
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Background O The Invention El ectrochem cal sensors
are used in a variety of diagnostic procedures,
i ncluding the neasurenent of glucose in human bl ood.
The manufacture of such electrochem cal sensors
.dnvalves the manufacture of mllions of small strips
Iﬁ%ﬁ@?hmgﬁgﬂnKWnclude el ectrodes arranged in a sanple
receiving cell which is adapted to receive blood or
other bodily fluids. The bodily fluids the form .
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whateip gewaplls plcvel g@l&%ﬁ e sphgduntodhe process te foum a continuous sheet
(ﬁ%hﬁ&%&ﬂﬁ%@ﬂh?al sensors requires the deposition of
several layers of electrode material, insulation
material and reagent in a very small space and the
accura d.arrangenents of such layers is critica
B?%gFﬂﬁgﬁﬁﬁgﬁﬁngﬁﬂ ction of the device. Further, in
order to hold down costs and neet demand, it is
i nperative that the el ectrochen cal sensors be
manufactured at very high speeds and with absol ute
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El ectroceﬁem cal sensors can pe useg

inélpging elad hedsarentent 0f gluapgdl ih Gidinad Bloode IThe niaafietdre 8f such
sensor strip are iﬂ]sert ed into specially adapted .
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a meter adapted to measure current or charge at the electrodes. Manufacture of such

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

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

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

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



el ectrodes, the reagent used and other factors. Mny
of these applications, and in particular strips for
wo eatiomgsyl ucose, require sensor |ayouts of a PCT/GB2003/004656

particul ar size and construction, where the

manufacture is done within particular tolerances to

render the el ectrochem cal sensors having
characteristics which are as predictable and

repeat abl e as possi bl e. The manufacturing process is
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the thicker inks and greater print thicknesses
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cylinder is coated with a covering defining the shape of the feature (e.g. electrodes) to be
printed. Further cylinders may be used to print further films or layers (e.g. enzymes or

insulation layers).

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

inks and greater print thicknesses required when printing electrochemical sensors fixed flat



sensors. O her nethods, including nethods of

manuf acturing el ectrochem cal sensors using rotating
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manuf act uri ng process for el ectrochem cal sensors, a

web of substrate material is passed through a series

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

of material such as, for exanple, electrode naterial,
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the,ndpidyal sensgr s B jbe fipishediwebneeded to produce the
required el ectrode thickness for el ectrochem cal
sensors (especially those for blood glucose
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Furt he re, the . . .
resultant reducnion in electrocﬁermcal sensor quality, consistency and reliability.

Rotogravure printing with carbon inks (which typicaily 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
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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)
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direction of printing. Each sheet may be manipulated by hand between each stage. In

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

manipulation steps are time consuming and inefficient.



anot her. Next each row maybe mani pul ated so as to be

cut into 50 separate strips. These nmanipul ation steps
wa@e@4iare7 consunm ng and i nefficient. 4 WO 2004POH0B3X3/004656

PCT/ GB2003/ 004656 Therefore there exists the need for

an i nproved process for the manufacture of

el ectrochem cal sensors, and in particular, for the

manuf act ure of el ectrochem cal sensors for

nmeasur enent of markers in the body such as in blood or

interstitial fluid (glucose, fructosam ne,

haematocrit and so on). There further exists a need

for a Nhghefoakde exipts e wed fbraan ifRsRA b IsSoME hhufacture of
manuf act ur e sensor, strips at a reasonabl e cost.
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require registration to be set for every roll.

Cont i ndid§desitatta nghoVeb printng proicess cdietecaprheniient isensors to ensure
thifd - 0 re as

e S8 i SRR RO, Pl BE LG Bty
urdlesirabi cinadl¢éoproalanicallyensos phrlnctidrediestoniad sebfup setfufidefiefRtin terms of

length.to pravide an economcally  viable print run, of
re @gi_a%éf#ﬁ “1%&?@{_ i f onsanotfar; Yipglg el nmtidireguine
reSRAAICHIBS R s8R Bhdr N A Aftingb&Std %‘f‘r&lfé whﬁ:ﬁ%@%ﬁick@into the
wh me [ayers ar

ich carbon, insulation and two enzy
maghing, adow ong sivglessst-umpironedure a5 opposetomiltipteusst-ups. One single roll
| T ength, of sybstrat.e in the machine at .
of‘}%?ﬁ%é;régiﬁy ﬁ\éﬁlleagie i stralteh1§inaﬁ? suitcient lwgélhggerg £ 3p economically

vihidagiibt oh ofee deshed leag®. Sits in the machine at any one
time, and wll be lost if the run stops early. In
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registration is not set up correct
will be lost if the run stops early. In addition, because of the complexity of providing more

than one print stages which must all be in register with one another, long print runs are
very important to allow for both a lag time in setting up, and a settling down until the
process reaches a steady and repeatable state. Registration can take a maximum of % of a
(660 meter) roll of substrate material. If print registration is not set up correctly the
calibration of the sensor devices across the print run will vary. Furthermore the yield drops

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



calibration of the sensor devices across the print run
will vary. Furthernore the yield drops significantly

w0 tommgizgtrati on of the print steps has to be pedceBe003/004656
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Al t hough splicing has been used in the past for other
conti nui ous web manufacturing processes, it would be
advant ageous to devel op a nmethod of splicing
substrate rolls in a process for manufacturing
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present invention will be obtained by reference to

the followi ng detailed description that sets forth

il Tustrative enmbodiyMNARY IOF TAEANVENeTIoIN Nci pl es of

the invention are utilized, and the acconpanying

drawi ngs of which: Figure 1 is a schematic di agram

depicting 8 sections of the web printing process.

Figure 2A is a schematic diagramdepicting a first and

second sect i ONSRIHF DESCREPTION OF THE DRAWENGS Fi gure

2B is a schematic diagramdepicting a third, fourth,

and fifth sections of the web printing process.

Fi gure [ | G0 WANE Shxt b -

cevont s BoT T anai TPt Sn flufih B CER A ATnR Bl R
appendedilani.’ APSHeCBAR3ABIdE66he Feateearl advantageshudiisd present

ing b A b Ain Py re Retbince 16 e foflowing derhiled dasciption that sets forth

illustrative embodiments, in which the principles of the invention are utilized, and the

accompanying drawings of which:

Figure 1 is a schematic diagram depicting 8 sections of the web printing process.

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

process.

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

printing process.

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

process.



sections of the web printing. Figure 4 is a bottom

vi ew depicting a humd environnent around a fifth and
wa@eootlo42eTt i ons of the web printing. Figure 5PCEG®2003/004656

perspective view of a pipe with perforations. Figure

6 is a schematic diagramdepicting a flood cycle

Figure 7 is a schematic diagram depicting a print

cycle Figure 8 is a schematic diagram depicting 2

di fferent squeegee angles. Figure 9 is a schematic

di agy.am depi ct i 2 different sg L .
e AT ERRLSL el ShE A SEAREARAEMALE g s
seefigdd ofithd %86 grintifg.gure 11 is an expl oded view of a
preconditioning zone (211). Figure 12 is an expl oded

view of the first drying zone (217). Figure 13 is an
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ofthgwich ptintihg. an expl oded view of a fourth drying zone
(236). Figure 16 is an exploded view of a first

cleaning unit (204). Figures 17A-17D are views of an

Fi fld QYRS vibR &aryg;%wﬁ &ordlibis, pr oper
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Fi gures 18A-18D are views of an insulation |ayer to

carbon layer with inproper reqgi,stration when the
Flﬁi“ﬁ/é’rslf‘ SI%?BP‘E‘? g'fafroﬁiﬁp?‘ﬁlé]gsacfﬁg) nI8G1 is stretched.

Fi gures 19A-19D are views of an insulation |ayer to
carbon layer with inproper registration when the art
Figurad isroiehempitediagom depictingta psint ¥ydped. Fi gures

20A- 20D are schenmatic di agranms depicting the print
results for operator registration of the web using a
Fioufess isvi hemuticldiabaim ddpictalg 2 difforat squeegheranglgs.an
initial registration process. Figure 21A is an

exanpl e of a sensor sheet with a first and second web

F?ﬁu?é’@ a4y d8Smafit Hfé%qamaﬁééﬁ&ﬁl%a difkfestt afied@Wokifons.

egli stration mar X registration marks. Figure
21B is an expl oded view of one row within a sensor

Flsgr&?eefo %gﬁ at s%hgmgt?cr 1ggrar)r<1 derple fn%tarsgltreleg rs]na{lr)a c{ilét'ance.

Figure 11 is an exploded view of a preconditioning zone (211).

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

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

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

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

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

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



Figure 21 Cis an exploded view of one rowwthin a
sensor sheet with an insulation X registration mark
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is a schematic diagram of paraneters X, Y, and 0 used
to register the web printing process. DETAILED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS OF THE
I NVENTION Figure 1 is a schematic diagram depicting 8
sections of the web printing process according to the
present invention. Section 1 is an unw nder unit 101.
Section 2 is a pre- conditioning station 102. Section
. C Q)
PR 18 ARG R Ot Sl Ao e (D EREOR B Wi Fproper
regispyptien phemthestrandrio mestlitig 8o theaaregn 361 & swetahed.
enzynme print station 106. Section 7 is a rew nder unit
107. Section 8 is a punch 108. It wll be understood
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escription relates to 8 WO 2004/040287
repsirEERYbet hossoeorkfigm serses 3@npsaopstretehed. concer ni ng
these 8 sections, the process and apparatus of the
i nvention can be enbodied in greater or fewer nunbers
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envi saged_in this enbodi nent, one or nore print, -
registratiozhel the weh using At vigw gvira o wisualdnspgetionagiringean initial
%$ﬂg invention. In one enbodiment there are a
g niﬁ%ﬁ?%%Q§MD print stations for printing an
el ectrode | ayer and a reagent layer. In one enbodi nent

of the present |nvention,, Sectjon_.1 be j ml enent e
Plbra ) s BRSBTS IR SO WERVigy Buides; frst,
sdcBhd, SHAd R Efousth MBEd i firatibh YaRee b PN OBk AtfonIRAkEE Whi ch

is avail able from rtin Automatic Inc. in Rockford,
IL. In this enbodi nent of the invention, Sections 2,

3 ..and . be i nmpl enent.e using a i fied
Ayt isap ploa S P Eer B SY IR R hfPRE R caon x
rd¢parsmatschi nef abri k Grbh, nodel nunber 4.61.35, in

Bi i nde, Germany. In this enbodinent of the invention,

Section 2 may be pre-conditioning unit 102.

- it i
L o s 51088 Y of e o RS 0 SR04 B fsbip it
registtaBormenprk dreer godtihg ocaboeEmegistiationaaarkon, i nsul ati on,

first enzyne and second enzyne inks onto a substrate

242. Section 7 may include rewi nder unit 107 such as,

Fighfe 28 MRkRemAidRA b of parameters X, Y, and 0 used to register the web

printing process.

Pt

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION

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



Rewi nder, which is available fromMartin Automatic

Inc. in Rockford, IL. Section 8 may include a punch
wao@4suek7 as, for exanple, a Preco punch whi chP€BHGB2003/004656

avai l able fromPreco Press, in Lenexa, Kansas as

nodel nunber 2024-P-40T XYT CCD CE. Wile specific

nodel s of apparatus are nentioned, these pieces of

apparatus may be varied and/or replaced and/ or

omtted altogether w thout departing fromthe scope of

t he |n(§nt|on as w |l ﬂt;e understo d by those skilled
a PIRCESH and,pRParJEISfoneenylg thesg SrecEpLngh anparatus of the
inbhiRigh RABbe bhbGdiEdd g}gattep@r ﬂ@% ﬁﬁbe?%@?ée%ﬁ&?s F%%%xﬁﬁ%mmczt
passes through SectTons 1- printing process
pront siaticinsege t:mmdged px é&eﬂnbodmentn oieooT. méne poine stetidnsdionteliie used

wiligpt febariiecBoy s seoDf f Bieiay Miop o fronsmbodgnriicicte lesiza
miamgmof tHh gﬁﬁt dt&tidie o Sredtinaee ekéétr&iboﬁ ér and ﬂeb%an 1a

Substrate 242 is supplied in a roll materi a
maybe, for exanple, nomnally 350 m crons th| ck by

370mm 6 .

ai monsi b B aRRBRE OGP bR SectBaG ey b fplgmented
usiig pabbtratematdrial anwvindhing 100rsutihss, freasiiple] @Ma@ﬁn

el ectrochem cal sensors by flat screen printin

Unndey Autgmatic Splice vhich 15 gvaﬂgblv@ogbm;tguég@mano%nc in Rockford
P i f

nTPRISHABIRT Y BOCHSE SLyF03 A0 AEIE Bl s

ustrgraomgdified K aappendtrierantiichfis sedilableifemt WerokrK 4nmmann

MRS RTROR S PRAE PG 0F it i B Cidpany 3o g embodiment

of tREINERiANS &fion 2 &aﬁ@@bﬁe%ndﬁﬁﬂiﬂg@ﬂlttlmo PRe-E6ndd¥ding unit 102
sides to |rrprove i nk hesi on. yester IS a

my b esed éeipieaenshition subls@@ts @42 pripr l@emwgg agdsdotipag .ok Slapd 6 may
e t n nS|ons used durln he
befbpf IR Rch RN Al PRish fiot BRRLE R SR B e P o

subﬂfay@%%r Smﬁnlmﬂsﬁﬂmhﬂelr&eiﬁd&f Ghit 105 supli e, €61 @@mple, a Martm
i ment of the |nvent|on t he us

materials. in o od
Respingerywhichis wefable I@%Mﬁétm Auiaaigdec. By Ropleford, dkei Segtion § may
1nélﬂdet, ngﬁ:htmf} 'SR &h?%' 5&%1@5'1’9&0% Al Qﬁﬁh@é\%ﬁlgble from Preco
I ndeed, anongst hgs, Frations in mterial
Predsi nkinamssa, Kanststas am[ﬂel sugbér ZﬁamPeﬂ)'EW’IS@@ECCEaW}alegspeciﬁc
| engt hoff.erln addi ti opa acity for th

el O oDl P ip Aot et pleret DD ShnsftRe ay b ke ahd/or

replBéSHME oD ol SOAIR g@ﬂh@pwﬁ&ﬁr&ﬁﬁuﬁ% HoROthE B&pe of the invention as
lﬁrecondltlonlng, regi stration urlng printing. In

herumtletstoed b tasgiskiled llmfhetdnfe present invention, prior
to entering carbon print station 103, substrate 242
is exposed to a heat stabilization process, by heating

the  Figures 2A, 2B and 2C are schematic diagrams illustrating the path of substrate

242 as it passes through Sections 1-8 of a web printing process according to the present
invention. In one embodiment of the Invention, the material used for substrate 242 may be
a polyester material (trade name Melinex ® ST328), which is manufactured by DuPont
Teijin Films. Substrate 242 is supplied in a roll of material, which may be, for example,
nominally 350 microns thick by 370mm wide and approx. 660m in length. These
dimensions of thickness and width have been found to be particularly suitable for the

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



substrate up to 185 C without placing it under

significant tension to try and ensure that substrate
WQ440%QeT i ences mi ni mum di nensi onal di storti oPCTIGBRIVY/004656

the web printing process where tenperatures of

bet ween 140 and 160C at tensions up to 165 N maybe

encountered. Typically the tension used has been

mnimal, just to sufficient to drive the web through

the heater. However, it has been found that despite

this heat stabilization process, varjiations in

becaysesaiiths segpirempenhipn the matqriab tq be mobpstforprigiingayst mapipulable
. o | op e
R BORRRRL s By S n - SEKL 4 AR B ofsnsrs

tondehderltiee prpdsacomchehadallr viablecSubsirate CH2 mpuydaciode an aciykig@coating
step.(section 1), the substrate is heajed to a )

al?é.ﬁﬁé? RGP O_E}T ?ﬂ?sctgllwr(l"@dm@?‘ﬁtﬁ@ﬁt g’pfypﬁ%sméferréd material

b RIRSE BIHALEs datisBBOBUt IV aftd iéMBerhiifes ah@t&isiddk uBdd Affing the web

steps. In one preferred enbodi nent the substrate is
prcsss akeqyding teithe presest ioment{ony Whikd bolyestayand idssdMelinex are the

dur i t.hi recondi t.i oni.ng st.ep. .1 ndeed in.this .
P s B ERAHRR i PeniphIRE Bod O dlerSmterials can be
epliaged by todeskillens e afl Eongthedesotiptiel pERAddd Rrein. Indeed, amongst
variations in print registration and inproved the

othex thingsriarigHen i majeréal dhickmess e dthend dengtibenn lf enviseged, a larger
SNSRI O rf 0Bl By o Rl GRRN R g8R Hfhiion
magdirfabthiqhhessiin gorhe piecisistincas aidfngrthe paopiditiortieg, or registration during
o obodsaebRHbrbSE oS b oL g
phistt SatDENOTBb St 895 &r@xgs&u% b ﬁgatg%ﬁiz%ﬁo& ﬁﬁ)’&gss;c‘ﬁfﬁéz@ﬂg the

2 of a web printing process according to onhe
suhstyaid iurao 1 81C withoyrmdaning it bndersignificant tengioy to ey 2] ensure that
< 82 g A5 Do S5 bbb proces
whbel teifipetitutes D Betwaefl 140 hid 160°ClINNS0AS ug 83163 N ordydby €

2A, section 2 is pre- conditioning Station 102. .
eysoguistsddilypisally gredenpionised bizs besainuainal justio sufficint fydrive the
- . .

g gdine nERETRUEPL. Fipy B e S At Bl Yabifzation
process, BRidtionsiadegistkdtiod@hm biintsdtepptoiphint step ban o0& cadsingSHensor
fag‘;}iﬁ% roller 2‘3.0_ and first_drier zon ,211.,Irfth_e ..

bd e APTEeNEHENINg FisR}as Reen intradycst dgmicdiatslyprier to grinting. As
willBé ﬁ)gﬁémémhéreﬁlxgﬁer, nahe ié%tc%l é%m{lésggtggz g%e?%rﬁ %) the MHiskhfd is heated

Unwi nder / Aut omati c SJoI [ aclilitate
tot heemperatuire (fypisalty Veh€h terater shanstny derep@4@r¢ itteocounters during the

re-conditioning statiqn 102. under t ensi on .of .
1B BBt ) S Bi AmEP AR e Sbsl? Ao et ypder ension
(thbicaly 46MdIb5a7) aking @s preconditioning step. Indeed in this embodiment, the

combination of preconditioning and placing under tension has greatly reduced the

variations in print registration and improved the resultant product yield. In one
embodiment of the invention, rolls of substrate 242 are spliced together in either unwinder
unit 101 or rewinder unit 107 using splicing tape such as, for example, PS-1 Splicing Flat-

back Paper Tape from Intertape Polymer Group.
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and a second unwi nd arbor 201. Note that an arbor can

al so be referred to as a mandrel. First unw nd arbor
WQR@4lowi2es a roll of substrate material 242 anBICT/GB2003/004656

conti nuously feeds substrate 242 into

pre-conditioning station 102 of section 2. Second

unwi nd arbor 201 holds a standby roll of substrate

242, which is automatically spliced to the end of the

roll of substrate 242 fromfirst unwi nd arbor 200

ensuring a m ntlnuous supply .of substrate 242.
This cARgitRofdse srhiseils diagrun depitimmertion] auhsgotion 2 of a web

plﬁ{t?%r rprg&gs E&OM%HH 'WMLRinRdde 8F meégésgnég?éni?%gg 2115 %%?%ZA

accunulator 203 stores a
segfiors Ui lissan wivandet 2nit A6t Uinsyiedes @sittl B icholee first aﬂmraao ssecond

o 7" Bt BP PR 200, BiSca Rnmp R 208 TeBERFe 44 rssttion 2 s pre-
conlitionehgStatior? 2. (Piechmtivkihg Btdiioh8 0P ‘ﬁ{dlhdeg Eirdt| 'cIe%Bmg unit 204,

unwi nd arbor 200 and second unwi nd arbor 201 are
segond spbiea upit 207 whichgypiedlycis agt esgdj inbenng ip roll;vp RD6sseppndreleaning

urgﬁ i(ff;] %ala c%fl tZﬁQ,' ﬁrgtgyr}éx? P& e? 505 : é.rgteénvsé rgﬁerojl Oan ﬁ;rqtde relr %(l)ne 211.

ure qu
apprOX|nater 10m of prlnted substrate may be
di scarded either side of the lice. First unwin

nd -
ar bor 30 thesabodunens Bfﬁ’ﬁ\M‘Y’F‘deP stroted in Figugri24, yspinder unit 101
cdREsR cﬁfufo? ERantipl0la %g‘gﬁy ﬁﬂﬂ%%ﬂégggﬁc %Hﬁ%‘ \R/ﬁl{Cﬁ 152&52& 1§ ERilitate

first splice urit
thadamn3Musampmamﬂnfmﬁmha&ﬁﬁﬂemﬁ@ﬁeéomhmmmm@anhm@1@Bmmkma

i b | t 20
tepfiar it Seovanatelt fnk] {13indth hf 10 Dimey fsids o Bhigeind arbor 200
aﬂd@i WBEHH dnviind after and N’Qfe%éi%ﬁ%%df cBn hIRb bs ré}ﬁrréd‘{?ﬁ&sraq{n%ldrel

at any one time. For those prl nt stations connected
Figst u@wmd axb@r@é)oénbblayﬁ fof smhstratehnatnlmd@éii apd comiduously fmis

=il 60 380 ot ReitpBeRbb Rt T BVERE: S aor 201

haidd astasdtytrol 0§ subls@atelide which ﬁsmdt@ﬂat&ﬁllyl B}bhdéﬁ td e dnd of the roll of
“?’ pplied, the numher _of rolls to be used is an

Sl 24 fromst ufb‘ap%w@péwo SHFYERE 2 SAEl-RIHBEPUTUPPY 9fsubstrate
2429T9f<> ddﬁﬁl%oug fo%éﬁ"r @&H?ﬂ&%%vlﬁg arbBo R t@‘ﬂsggq.pgiﬁmmd arbor

screen prior o sta € printing process.
2(x Arqmbsireftomamnﬁl awhmu}amr 208 sfoves 4 p:teﬂﬁemjnned lenpiheofishbgtrate 242

P Ay SR SRS o oG vt
th@Bsliding dptStionthis PIEY MR fitsh Kpli RQBHD 00 el g<FRikh | 'tﬁhe both the first

readi ness for printing throughout the print run

ungvind pdor 30 ik sspend ymvind m’b@r am emssamnwas r’I‘hersphomcmaed is a butt

il B 4 B 50 5D RSREIHE oo

ensti@tqualiyidgpretitatelyaT0an OF piihte@ BdbyiRte Xy Sdiscdb@ePeldRfside of the
140 the screen w thout reqU|r|ng the screen to be

165 past wp Wi arbey 290.ag4 sesomd apwend arbor 201 includes web edge guides
(not shown) which guide substrate 242 into first splice unit 202. The web edge guides are

adapted to prevent substrate 242 from wandering as it is being fed into first splice unit 202.
Typically the machine of the invention is set up to produce between 2 and 10

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

continuous supply of ink, the number of rolls to be used is not usually a problem. However,

11



reducing the risk of the enzynme ink overflow ng the
screen and onto the web substrate running belowit.)

WO pooafe026€nbodi ment of the present invention, SPUBEGBa108/004656
242 is held under a tension of approximtely 165N
t hroughout the process in order to maintain
registration of the four layers to be printed

(typically the print registration tolerance is 300m.
The substrate 242 is also subjected to various

tenmperatures of 140C or ]ess . jn order to.dry the.
forghe Hre EnASESPIEN: RHEPSe HONDISh PTG et Sl i gHHpfipd the murmber

of éog{%z? B u@tﬂgli%ﬁ RSBk ut %{}Qﬁlgteﬁaﬁﬁ@ecﬂthe heRMBENEBrofl9to be used

rate to stret expand during the process
derndines teemuant biink placed onthesi steeen Ipeior tagitart pfthe prnting process. For

exérglg]g:[ég{] %g 59 ?ﬂ%?g 2‘{%{8@1&3}&1{1{13!91%?{3%3} %);a“r%ilgtwirgﬂjx r(])f{ %frf{?rrll?% f?ﬂtare placed
on"fﬁ%gcrﬁél idr b thelshi®t dTpriting UDedchoTlséctivas 5 und 6edhas, aled enzyme ink
an |

er than coul'd be tolerated. |In the enmbodi ment
needs tbfbe kieptiemeaidiress for psintiag Buoyghopt e PEnbIN tQ gRYTGFTsIstent

]S a pre- conditioni .St atd on. SR Pclel
oo Eap A IR 20 B £ RLEL A R Goont
scRER 1 hat @zyDiehsint @hitond4@ ensurgthat £ aufficieht amduttofeeroeink can

t he anmobunt of expansi on_ and stretcig&wit%i n ubse%ent 1
beadded tortbe sereerhwithouts resuiingshe srrgemiosty topped yp qupne a fun and also

. . y _ e
re«i;}ecgnl‘%{rl]lg ?{sk QP irle éhﬂ@&%ﬂ&ﬁégws‘&&ﬁ afi& 6htoARS wab Qubstrat

oni'ng atron can t substrate 242 to a
ruhgiipbeRLity, which is not exceeded in the subsequent
print steps. Typically this takes place under tension
of between 150 and 180N nore typically around 165N.

Hovwevef, o deRhRfiiet of S i fiveRtich, Settthiei2aniingeld under a
station 2 can heat substrate 242 to a tenperature

temsién dLapproximaRIWAO520bsuEhorshe POTLSER 0odr tomamAIn fegistration of
t he .i i bl tch f.
bt Sk R B AR bR B . e

: AREuSEBRE kMo erhP@atufds@T HONT ort188 in order to dry the
Sug%%{fgrzg%g S #e{ftegd to aop r%x?ﬁatel y 160C in the

prptted ks dtiing eavh priotieg sten., Dup i this tengion ard tempeatyrs, thereanay be a
B el AU S G BBty
ot d¥WticGBeisathntibiRt@cd 42dded themiad size vatisiamlhahtprinhstage to print
BRI NGO R AT NV
highde B S008Po REREET 0L 1 U1 B ger i mage due ¢ o
stretchi ng caused by

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

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

12



t he process of pre-conditioning station 102 by the
provision of a slightly larger stencil screen size
w@ toopioeBty 750m in the direction of travel ofPCT€B2003/004656
web). The provision of new screens can be
probl ematical. Other paraneters can therefore be
varied at each print station to accommbdate a
variation in inmage size wi thout replacing the screen,
such as the relative speed of the screen and the web.
Nevert hel ess, there is a ljmt to the amunt of. .i mage .
to pmase therrreersihe sFpich Sam sbstie Afavgaain Aoy, hile Uier tension
t.her. referable to precondition the substrate as
asggggﬁ%gégnﬁérein reduci ng the overall inmage size
i ncrease and reducing the variation in said inmage

size increase. | n one _enbodiment of, th ese .
i nvent o9ne qmbodimeRy; iﬂlﬁﬁ’ﬂ‘ﬁ‘t@flaﬁ’le Sﬁb‘q’fr@ge 1‘§|rh§%ec? %Onaé’lpﬁo dpately
16 Sg i:f ﬂhtg g%coﬁ&iﬁﬂﬁE%oné’m 1C Rvbikgy i Phistdated Gh nas detwd irciigure 11. As
R

te proper operation of a web manufacturing )
exphaied sbows; topuk ergbe pleofthapresant inveatien dhe temperaturt to which

re-c itioning unit ....102 I; i
subiirat 2P s el oyt DEh 0 nddBertE e oS
sub§tiqient3Rdcadbihg bf aibemite RAE, ihclpdiagdubsedess idednpiteps. Subsequent

substrate 242. First cleaning unit 204 and seco

n
pristt peasessgs tay compensaiselor heisliehilnkesg ey dnagadiado SBricking cpged by
repove particul: . .
Ry T e
scReA Dk Fiypialll 9808 in GRrdiRctombf tyawd af thabvab).fFhempré@ibn of new
W

eaners, nodel nunber WASP400, in asgow, . .
sctgiens eah be probilsmaticelc Ofhgr B@ré@ﬁt%cwbﬁreﬁts%e V%?GVX& S7Rby Ryint station
a clean jal. ' lati
e RSP AR el RARRn, s s ol

speedof bk seee 6l todved. Nevardhaleds) the@ds a lintibtertlie anpunt of image size
roller 206 js used to cgont.ral nsi?n of su

t t frat
vapiglion g b P TGCHiES, L R DR RSB hiS R T pn thesubstrate
as: c%lﬁ{:r?d'ed%gpeiﬁ Péélu@ﬁﬁ%blﬂé‘mrzﬂi #ndeRlstRinc 88k and kétheingdhdwapiation in

er 206 1s linked via a control system (not shown)
sdidichagedizeahére@@8. 13 WO 2004/ 040287 PCT/ GB2003/ 004656
Substrate 242 is renoved from second enzyne print
station 106 in section 6 at a constant rate by

out boung oRé Bmbedinent @38e ptedatt itwntioR (B eicondtating staion 102 also
_neasures the tension of substrate 24%ﬁéT§%ijt IS tion of
ingbdenedditionsl glements, waish ,pp)a‘glgg funchiens. i lifgke, proper operation o
r [WotY ' ' P . ' ot o .
BT el O O P enl. b i
107, elket arctivossctsdtanieg wtits, Afitsy pleasing snli 204 and a senond cleaning unit
In a web manufactyring progcess, agcording.to.the.
2f5F eichicleribr oI MDUSTE 8! SUPHBRIIa: St HEDIFa Gt gnd second

c@%ng%ﬁ 207 use tacky adhesive coated rollers to remove particulates from substrate

242 prior to any printing step. First cleaning unit 204 may be, for example, a cleaner
commercially available from KSM Web Cleaners, model number WASP400, in Glasgow,
United Kingdom. Second cleaning unit 207, for example, a cleaner commercially available
from Teknek. Pre-conditioning station 102 further includes inbound nip roller 206 and a
load cell 208. Inbound nip roller 206 is used to control the tension of substrate 242
(specifically the tension between inbound nip roller 206 and outbound nip roller 238).
Inbound nip roller 206 is linked via a control system (not shown) to load cell 208.

13



specifically 160N to 170N, in this enbodi nent the
tension is approximately 165N. Figure 2B is a

waedveomi28T di agr am depi cting section 3, secti OPCHGBR@3/004656
section 5 of a web printing process according to the
present invention. In Figure 2B, section 3 is carbon
print station 103. Prior to printing (a cleaning
systemis installed (available from Meech), which
cleans the top side (print side) and underside of the
substrate using.,a vacuum and brush system the top

Syhstratg 244 és semoyEiiionnsscand snzymemiing stetienn 9 esctignd bt a constant

L.
o b R ik 28 Pofl e Tlos'il SeRfn? oniies Ao frliBR or
subBMd 242 whyn firis mOving thivagh tid Wdﬂprboésb acccﬂdﬁg amt.‘he present

. unu tor ,213 s.the. cl os cceSS|bIe
in TR e SRR 206 RS HE PR 3t AL PBEA! lgh frasion at o

pré@@etdiThedctpbal AXJpicsiQtbdatstehdibn M%ﬁ ﬁ{aﬁufactunng process
imedi ately after e substrate exits th

aqgo@intgindhq Prgsent gnveahpm woolzl, be@@pmnm:lynlSON tat1i8GN andanore
d d
sosE RN SRy i S epboion e epSOR T P Gma RS,

second drive roller 216, first drier zone 217 and
second _chilled roller 218. In the enbodi ment of the
i nvent Fégyre 2Buse pehieamtic digsram, d@mctzra sesten §.gigctipn 4and section 5 of

oA BB O end M4 983 A

caglsamLpitit station 208), Ptibi tochrinting (a ﬂe:hhmg sydftin mﬁﬁﬂﬂmh(wﬁlabh from
e rst Yr j stration system (not_ shown

MEpchio ek Sl ton i (Y i) R b RE g o

vadliinBland 8ARK 4 ¢étem! fhe Eb;%yfu@h %ﬁl vaatin Pition 253 ahldl b8kom brush and

enzyme print station 105. First enzyme print station

vapgemistation 868 afeefifsehtacdrid dnether. dlhledop B28h ahdvacthm station 250,
acc a 226 rth rj ral ler 2 third
oEElTHe ARl sk dr b e hlid SlerA T2 ol affomypator 213 and
is 2ize/dodeiticc SR Point Pravtth Barbom pantieY. TBE vdd&sid88rdshiahdvacuum
drier _zone 230. In a process according to the present

Sttapei; eptacivthe substrateummerdiatoly g fendhe Gﬂbﬁatﬁ- i the prewenditioning
uﬂviwtS ][ (%Qh gfeagb&s%m%taﬁ hgt()g 'ﬁ%ll]ﬁ]cfég Fivst c hﬂ%ﬁ ao 2? g Lget?&%d a%%wnulator

recl ate ose S
2 1r$u Bd}:end pnok i pe2 16 fipst rvmmmnmrdd 8sseesnddivdrelldr M(Xirst drier zone

G iang hilsthrole 3 1My dh diecmhonhient Shiupusiion ssted n Figure
zmectﬁyﬁamah@smaﬁ@a prizR&RAbn PH4. %&1&% Ilﬁfht RfaBY%h d@ﬂ rﬂ%iud‘ég fhird

or nore prints with carbon with Ic partic
chélledreH¢rsd 1% thirdaecamilatori2aR, third guhﬁroﬂsrm Isa:@ndl Nismssedsor 222,

Bl e Bt Y P oA BB s Mine T Byl and socond
diiedyefies22MR)in Higfe 2B, section 5 is first enzyme print station 105. First enzyme
print station 105 includes fourth chilled roller 225, fourth accumulator 226, fourth print
roller 227, third vision sensor 228, second Y registration system, at 237B (not shown),
fourth drive roller 229 and third drier zone 230.

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

appreciated by those skilled in the art, the number and type of printing processes can be
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be varied in their conposition, order of deposition,

t hi ckness of deposition and |ayout as well as in
worde04Q8T anet ers apparent to those skill ed i nP€TY&Baw0B/004656

fromthe enbodi ments described herein. In section 3,

the carbon artwork for the el ectrochem cal sensors

manuf actured in accordance with the present invention

may be printed utilizing screen- printing. The basic

conmponents of the carbon print station 103 are

illustrated in Figures 6 and 7

vagsql ilbpe dgprrips GOk 15 muER i bR oL mpte, two

t wﬁ%&b@ﬁmxﬁahner articl
A S e e

silhelsilyer chb@ilednkl ongslduwe @gﬁ@l@@@aseldnnkfambﬁhe p$ p provide an

530 o B Plr bR PBR, R PREENERE Bheb iy s
belwaBikd &l thiir ‘é@ﬂﬁbhﬁ@& RdTRTdepdsiting facknkss dﬂd@pd)ﬁ@oraand layout as

negative of e artwork desired. Carbon ink ISFW% plied
welbasihethes phrameterpernseent to thogriginlled indhg 3th fopy th embgdiments

t hi.s
lbegiel%%? f]fnl'E%ctf (La ﬁeﬁ‘ggﬁﬁﬁne Weo&ﬁ”md %%%%ﬁg }%kﬂ ?hE%%SOsz
mﬁﬁﬂ@ﬁmﬁﬂ inyadcbtdanéowith fige miepﬂ'ﬁwpntlmi may beprintad utAhzmg screen-
all of the ink to be ed ur| thee Fir UE' 6
pringings T hayicroproneniy obfher sfatiop {53@; e Jfugjrated dn Figures
ange IH fay@ uﬁﬁﬁl %%ﬁ&?%c@rd&ﬁé’@ﬁx@ﬁre@?&iﬂ %ﬁﬂ:ﬁﬁon includes a

pushl e |n stencil. In a flood
scnspnBélpbwe]emmtlmllacS@é}r plramtcrellw G0n, a ﬂwtbbleé@m?’ a Squeegee holder

|nv nt| on %é@@e&f@%’ ]g‘?ﬂf E,'gggzg% {‘bqqéﬁ?@(?lgﬁexorndpnnt roller

21@0 Q‘:cr&ﬁ‘éoll ‘Pé"@frgenl?fallﬁ}tﬂaf ednsBuctiihand! t?plﬁélfﬁdonﬁihﬁé@ﬁ hie6h arranged
8 which corresponds to the web novenent of substrate

tozmwdcsc negative of thegrtvoyls desireds &@ehon ivk iseppligshtoghe mesh and pushed

OB Sy 2 A D T R R T SRty o

ﬂa?t@ﬁapelby the %@1@ afithetinlp(thistis espeblelljotme:ﬁnssha engnxequiasteps in

with the present vention, as illustrat n Fi
wiich 81 6 Shs 3Bk BUBF 1A HP BB ShG RRrSEIRLIVN 5 GRANFeRobi i the screen

h through the
TR e e
anﬂﬁhmﬂer print roller 303 all nove in second

direction 607 which is opposite to the web novenent

of substrate 242. Screen 301 is noved in first
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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
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noves in the sanme direction as the web substrate at

the sane or very nearly the sane speed as the
wGeaiss@8e. The screen 301 is substantially flRCT/GB2V3/004656
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zone217, which is illustrated in more detail in Figure 12.

Suitable ink for use in carbon print station include, but is not limited to, carbon with
metallic particles, silver/silver chloride, gold based, palladium based conductive printable
inks.
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designed to rapidly cool substrate 242 to a
predeterm ned tenperature, typically room tenperature

W@ a00a/0m2818- 21 C and typically 19.5 C +/- 0.5 BET/GBR003/004656
one enbodi nent of the web nmanufacturing process
according to the present invention the surface of
first chilled roller 212 is approximtely 18C. First
chilled roller 212 may be cooled to an appropriate
tenperature using, for exanpl e, factory chilled water
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roller 221. 17 WD 2004/ 040287 PCT/ GB2003/ 004656

Q

In a process according to the present invention, section 4 of the web
manufacturing process is where insulation printing takes place. In section 4, the insulation
artwork for the electrochemical sensors manufactured in accordance with the present
invention is printed utilizing screen-printing utilizing a generally flat screen. The basic
components of the insulation print station 104 are illustrated in Figures 6 and 7. In
particular, a suitable print station according to the present invention includes a screen 301,
lower print roller 303, print roller 600, a flood blade 603, a squeegee holder 605 and a
squeegee 606. In insulation print station 104, print roller 600 is third print roller 221.
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In a flood cycle process in accordance with the

present invention, screen 301 is charged with ink 604
whgorowi28y squeegee 606, fl ood bl ade 603, pri NPCT/GCBR@B/004656

600, and lower print roller 303, in first direction

608 which corresponds to the web novenent of substrate

242. Screen 301 is noved in second direction 607

opposite to first direction 608 of substrate 242 for

the flood cycle where ink 604 is charged onto screen

301. In a subsequent print cycle process in accordance

Wth the present invention, as illustrated in Figure
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of the substrate, i.e. the X-direction.

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

screen to form a negative of the desired ariwork image. With the aid of a squeegee, ink is
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passed through the open areas of the stencil and onto
the substrate (giving a positive image fornmed by the
WO pdo40m28he substrate). The frane provi des a nREIEBRG03/004656
nmounting the nmesh, and w thstanding the forces
i nposed by the stretched nesh with m ninum distortion
and with standing the additional forces produced
during printing. In particular, in insulation print
station 104, the ink in question is an insulation
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surface tenperature of the third chilled roller is
approximately 18C. Third chilled roller 219 nmay be
cool edln Qﬂeaﬁmb&épn@fs of &t@r@mwmtwpebefg@ thg lnSfl ion printing
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cool er tenp atures reduces the probability of

nk
SubRI 0 SRR PR CRRET 6 e BPIALY BIO3R knpatip(around 17-21°C
and typically 19.5 °C +/-0.5°C). In one embodiment of the web manufacturing process

according to the present invention, the surface temperature of the third chilled roller is
approximately 18°C. Third chilled roller 219 may be cooled to an appropriate temperature
using, for example, factory chilled water at around 7°C. Reducing the temperature of
substrate 242 and maintaining the temperature of substrate 242 is beneficial because cooler

temperatures reduces the probability of ink drying on the screens and creating blocks in the
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19 WO 2004/ 040287 PCT/ GB2003/ 004656 nesh. The use of
chilled rollers in a web manufacturing process
w@e@andi2By to the present invention is al so breEGBe0aI004656
because it reduces the amount of stretch in substrate
242, reducing registration problens and the need to
nodi fy the process on the fly to conpensate for such
problenms. In a process according to the present
i nvention, section 5 of the web manufacturing process
Is where the first enzyme printing takes placg, In
meshcThowsedf chilled rellers/ine Welkmanpipgitrng procegs@ccording to the present
. el ect roGghem . [
i g PRy BN B6E e R oA P D Rte 242,
re@ifSRgBiratidn problend aad Mniedet eo gediy did proddsaon derfbeto cagpensate
herei n before described. The basic conponents of the
fox sychipreldemisre print station 105 are illustrated in
Figures 6 and 7. In particular, a suitable print
station according to the present invention includes a
scr een i3 procksywecorpinigrio thayirbsent @@8ntion setion §lof dre WG,

a flood blade 603, a, sgueegee hol der. 60 d .
e BOES P (o BHCT Y TR PR pRCS o seeion , the
enz§ink 8k £BRorkifSr the elebhodtehiital kédsb&maifactired & ddcofldnce with the
cycle process in accordance with the present
presenbinveetion is privted vgbizing scregmaripiing sdmeyableagepegfly flat screen as
nmovi ng squeege 11 ' d
gt oORRG TG THY B Pt itk Rt il i 105 are
1698 t¥hinag6es 6 asdPniisparticilie a weiabiopdrtatition hcauding tathe present

242. Screen 301 is moved in second directjon 607
inpestos ipeludes arscresn 301 rlewey BRSO OH03 E lst Q08 g5figag blade 603, o

sq&a;g%e]; llhﬁﬁgr é%%é?q%\%ﬁ%g%ée%Gﬁ B fit? et Y tht RO $05,98Mt roller 600

rint cycle process in accordance
is\fourth piivet rpfl@ 22t | nvention, as illustrated in Figure

7, .squeegee 606 transfers ink 604 through the screen
301 and onto substrate 242. During the print cycle,

the squregIRBd €P&e pfdcednbangarfelithahe Pesdm lidvantion)@creen 301 is
and lower print roller 303 all nove in second

chargagovitiomka® butmeving squspgrssi0betioed blade GfSn PrRgPBREA0, and lower
of, _sib at 42 S [ [ '
ot Rl B fesiion S wtsh o eSHRKRHc e b Blovement of substuae
24, Sl 30atiemdAed frodectibdipsctioh 60y opositktr Brst dikedsiod 608 of
pushed through screen 301 and deﬁosi%ed on sugﬁgrate
supgtrate A2 ferithe Hpekeclowhensdnks 60 hgerh PRIAGETCRR it sm
is described in nore detail in issued US patent
4,245,554 which is incorporated by reference herein.
In a subsequent print cycle process in accordance with the present invention, as

illustrated in Figure 7, squeegee 606 transfers ink 604 through the screen 301 and onto

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

by reference herein.
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20 WD 2004/ 040287 PCT/ GB2003/ 004656 In particular, in

first enzynme print station 105, the ink in question is
w@noog/z028®e i nk. An exanpl e of a suitabl e enzynkCT/GB2003/004656

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

t hrough the screen and onto substrate 242. The printed

enzyme artwork deposited on substrate 242 is then

dried using, for exanple, hot air at 50C directed

onto t hepqshwimem Bugk ¢mmeqmnt platien bRY, ithe iak isquegtiemis an enzyme

]selgar at e \d <1\f ?‘a 2§r§%yvﬁ\4t % Sgef rﬁﬁrﬂ‘ﬁrnnb%{a’?gmigﬂseﬁ&dmmt

of ﬂi@ﬁﬁﬁfreﬁt Rivedticii) béradt 301 ik flsod el witls ki 604fprios to esiizy sqeegee 606 to
print station 105 in a web manufacturin

ol S0 eyl (e e arppin B RLE 4 du bhEPRA B R
5o RE R e 30 e B35, O SOREAGEATR s vt
onfd theiptinfd surfatesbithe Stistateiubing tRolsgpavata xdi'yiwg baiks witBimtie third
dr‘/gﬁ g&gﬁ@é%w . i et q(ili%l@ll(%lp ggfgﬂgp'\lg% 259 Egagﬁglég% a suitable

h Béctdi
e

thepidsdns eéneention asisunp@ized isPalde@pany Ltd Anal ar Water
BDH Merck Ltd In one enbodi nent of the present
invention, after the insulation printing process and
i Thgldipately after drying, the substrate 242, including

Shaco "i.l . < MB1o
tenperature typically roomtenpera

dlnksodium Citrate Fisher Scientific

Citric Acid Fisher Scientific

Poly Vinyl Alcohol Sigma Aldrich

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

Potassium hexacyanoferrate 11 Norlab Instruments Ltd., UK

DC 1500 Antifoam BDH/Merck Ltd

Cabosil Ellis and Everard Ltd

PVPVA ISP Company Ltd

Analar Water BDH/Merck Ltd

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

w0 nooaf08i28n t he surface of fourth chilled roll erCREB2003/004656
approxi mately 21 WD 2004/ 040287 PCT/ GB2003/ 004656
18C. Fourth chilled roller 225 nmay be cooled to an
appropriate tenperature using, for exanple, factory
chilled water at around 7C. Reduci ng the tenperature
of substrate 242 and naintaining the tenperature of
substrate 242 i s beneficial because coo| e
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flat bed screen printers (such as Thienme flat bed

rinter N I t

e
dueh6 tihbV@fert of llﬁfscﬁdeh at/isarxudm; to bhsirdihatths l@nzymge inkdoes not dry

substrate is cool around 18 g}fore

intorfhe srreat d herelaine ?&-5 o 6 sspuptersi by the IEHine soRendgies fyp ink on
%gﬁggtgm ng{gx@xaﬁéf‘%?ﬁo u 'oﬁseIN"é@ ififfat BEH S Eninkré (Butigs Thieme

n one e I men fication is substantially.
flat bed iprinteus) sinbh elueescr@p lisdf ﬂwsml aovawdthin thgenaghimeopnlike the

si de, screen
prBRenp B an, Aol e GO e aBRE R by b BBXubstrateis
cod st aRdun! 189C Befvé ﬁ%hcdiinf@éiﬂibQﬁzﬁﬂﬂbc&béﬂ-ﬁ%tﬁﬂgrst@bﬁﬁtecreen

bel ow and sideways onto the screen respe
loedfsimﬂm gnaviee ipkishupisiied furige printng.dr ong §m?% ifpelf, hugidification

is Shidfillyc Bl oY Crhorbimat el @Blido 2 RAIEIERYof Gl screen
6}1 oV op3| , URA8TSiGe ARdTor si de screen

hiibidi fibatios ahd afdecdalt thirel may b@pltolmieplr éseartangeruenttof pipes provides a
illustrated in Figures 3

substanig bheanstast strRam %ﬁ@ﬁ&é‘iﬁﬁé A I?B%YFS E%Pypﬁq@aﬁ“f%”% g the screen
re%ﬁéc'ﬁ%ls}gexﬁﬂﬁhg El{e' $iedonlenbf the 80 8NHaintATEAING 8 Cotdilevel. A

upon e anount of hum dification required,
smiable\mtaagemarttfenpromfdmgtepsmm randerbide hodrpriFidy scuer humidification

ado R AL QL iR entith LIS AlFigurbl'S, 4 SIS 13 WieBufl and

arrangement of humidification means (typically pipes carrying humidified air) will depend,

amongst other things, upon the amount of humidification required, the water content of the
ink, the humidity and temperature of the surrounding air, the temperature of the substrate
as it approaches the enzyme print station, the temperature of the print roller, the size of
the screen and the exposure of the screen to the surrounding (unhumidified air). In one
embodiment a pipe 304 comprising one or more rows of holes 400 delivers humidified air

across the whole underside of the screen during one stroke of the screen back and forth.

22



as it approaches the enzyne print station, the
tenperature of the print roller, the size of the
wa@eoroeom28nd t he exposure of the screen to the PCT/GB2003/004656
surroundi ng (unhumidified air). In one enbodinent a
pi pe 304 conprising one or nore rows of holes 400
delivers humdified air across the whole underside of
the screen during one stroke of the screen back and
forth. 22 WD 2004/ 040287 PCT/ GB2003/ 004656 Pi pes (not
shown) above and to the operator side of the nmachine
Pipesl (hetshowohitiveiagd tathe opetatorside@d thamadoae deliver humidified air

enzyme ink required for that
ﬂ‘ﬁ%si ﬁaélgrﬁﬁ?d‘ts(%ﬁé%‘gaqg‘n the screen at or prior to the
start of the print run. Since the enzyne ink is
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a e screen at
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t fe use of chil rollers as herein descri bed.
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oGP b R B M S e

teﬁl{ﬁ@ﬁﬂr@&?&b%ﬂfs@ﬁ& 18leeoliddeo Be VesPttafior EQual tdehe temperature of the
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roohie Howererd the tpoperetusagf he sqlEH@Ie is kept @heve hagew ot éord
the .substrate f beIom;t th [ o
SRR (ehioont b8 da Sk ey G 1R i be 15 oc.
TR APERRIre BY thdtsubdtiite ﬂﬂpe@lbalt}mg ﬂ@dmy c@i&éﬁmﬁ Rhn o@cmr oh the
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m Qgg
ﬂ?ﬁé?é gﬁezég%ﬁp%? %ﬁ% I success?ﬁqogﬁ?ﬁﬂwume“nmmﬂnne
foterample befweica ml&e}ﬁrﬁttsl bﬁroofn tamﬂéla‘rurt ambdepapeintgnayvtberefore be
chllle rollers 212, 219, 2 and 231 ant .in
P AeeStRtRA st CopEPLATBDeratore GEAIAR B BE over
HifaProfieR 9, 211899%5 Qunld®3% %ﬁ@%ﬁﬁ%ﬁﬁ@l@ E@Jmﬁfe%mp&ame A
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fe@élwcb oonttol (lgmmm hehsed bomeasutauie auhsy)itettgmp@ﬁwg for emmple
the chill]ed roll.

%?%%E%&@&é%{l emppergture an %‘é{%’qunﬁt glven eroo gﬁ?&ﬁfd%&}‘{o control

tHRRBhpREHRSofithe chif¥d rdlletd Yndth&deheratire @tﬂth% SAbstrdte 8 it leaves the
schemati c di agram depi cting section 6 and section 7 of
radlepaitsl approaches the next print station.

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

embodiment of the invention illustrated in Figure 2C, section 7 is rewinder unit 107.
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printing process according to the present invention.
In Figure 2C, Section 6 is second enzyne print
WG t@iioe28106. Second enzynme print station 106 POTIGBA@S/004656
fifth chilled roller 231, fifth accunul ator 232,
fifth print roller 233, fourth vision sensor 234,
fifth drive roller 235, fifth drier zone 236, Y
regi stration system 237 and outbound nip roller 238.
In the enbodinent of the invention illustrated in

Figure 2C section 7 is rewinder unit 107. 23 WO
Rowoulenwsv by ipcinfeternneonerbassmids; fgtrewind arbep240 and second

j t eeri ng nmechani sm 239, first rew nd arbor
Rﬁﬂgag%§§%£%ond rewi nd arbor 241. In a process

according to the present invention, section 6 of the

web nﬁgufacturing process is where the second_ enzyne
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The basic conponents of the second enzyne print
elegtzades aresobstantially leversandafireaiof voids. Glhedasie campoents of the second

) . . I . st di to. .

38 it Aoy Bt AR P BB, SPATAR, Ryl prim

statddrl ficoBR; to th prétent QivieptioBR0ludas 4 taesh JV1alBvE Pdint Rller 303,
squeegee hol de QES and a squeeqee 606. In second

P%*%_zrg)ﬁ%r Py hiload bipde,60 1 66augseratolien G0erand@qpecerr HP6 In second

erhfipdnPlthfidn PR pribftoflef 6RO ARGhfh PIRG 988, 1 1

accordance w e present invention, Sscreen 301 is
charged with ink 604 by noving squeegee 606, fl ood

bl ade 603 int roller. 600, ,and I, r rint raoller .
S0a. i At 008 CHile BRI AER U Wi P BEBGHARYaOR fereen 301 is

chaiedRVERR 504 Bl r@cbl}i’r%é §citleBeedib8, flosd K16 G831 phifit AMYEEHO, Bnd lower

second direction 607 opposite to first direction 608
prépt raligs 303 dpdirstalirepignn §@fewhich sarresponds tatthe web moveuni of substrate
: LN, | at cycl
20 SSEEQ DTS mDE Aol e P AT o ol P fs of

subktrats P42 foz dhd flodd @/dteewhere HUERICIE ehHPEd biitd REfeen 301.nk
604 through the screen 301 and onto substrate 242.

During the print cycle, the squeegee 606, flood bl ade

603, piih Bluselbed | . Bybnti
nove in s elclz c? nJéi d|E ? lglg%ly glﬁqggcgsgﬁf%ﬁg{déﬂ% p‘g@lé P{%ep r?%;ﬂi '%gl’mlon’ as

illw_etmted‘r'mféggn t7, sfuesgdesiOb atansf2rink 604 teonglthe saream ¥ daridonto

sufblstrre‘fite 2%. ' ]Sﬁttirllé) fhe %ggt églchlleci 'ghecs%%%ggfcég %Bg,sﬂood blade 603, print roller 600,

and lower print roller 303 all move in second direction 607 which is opposite to the web

movement of substrate 242. Screen 301 is moved in first direction 608 which corresponds
to the web movement of substrate 242 for the print cycle where ink 604 is pushed through
screen 301 and deposited on substrate 242. One embodiment of the screen printing
mechanism is described in more detail in issued US patent 4,245,554 which is incorporated

by reference herein.
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to the web novenent of substrate 242 for the print

cycle where ink 604 is pushed through screen 301 and
walepasii2ed on substrate 242. One enbodi ment of PCT&B2003/004656

screen printing nechanismis described in nore det ai

in issued US patent 4,245,554 which is incorporated

by reference herein. 24 WO 2004/ 040287

PCT/ GB2003/ 004656 I n particular, in second enzyne

print station 106, the ink in question is an enzyne

ink. In this enbodi nent of the current invention,

scr eenl8pdrticaarf inoedewt eizyineipriat st@tdn poa, dhe inks in gqirestion is an

eng S SHE a8 o e s MR 301 ppged with
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Figpred:S. o}y GHEDNs 9t S"é*@'é‘ﬁ‘%‘ﬁ QXNS%HI jesoRfbezy MG Pging ?Fahon 106 is the
saﬁ’feoc{s?ﬁ@a{zkﬁfé%ﬁ( J*8 Iu? el WRidh Rideldi®ed in

present vent i on, ter t'he econd enzyne printing
MbﬁmﬁmSGnmﬁﬂmkﬂhedlately after drying, the substrate

242, including printed carbon, insulation, and enzyne

ink patterns, is passed over fifth chilled roller 231

Whi ch I8 ond&abiaenitdT théptestny ifi@ftios Whet thakscodd %nﬁ}@n@pnntmg
predeterm ned tenperature. In one enbodi ment  of

proedss nndlunmcdhlatplwep dmm? shegbeiralt 342 iocludiag @ﬂé@ém@rbon
o QAEI B0 R S B S 2

dééi@b@tb #29idycood PitisGte 240 &o heigiRtctinitied tesfpergiurd. O one embodlment
exanpl e, factory chilled water at around 7C. Reducj

ofthe weh map BCUFIBE BFOCSERRASCPIIRE tofbe Bwaewvml%?fhﬂﬁﬁuffﬁ@ of the fifth
clﬁﬁ i18f 3415 é\gﬁﬁ%&é@ @@4%%%1111&%@ érczsqlmaﬁ&aé&?ed to an

ool er tenp ures reduces robability of
amrgprmge tempbiamrs umag,rfer em@le,rfwbnyl@ﬂtddm&sr at ramumé 7°C Reducing

S RS et et e o P afappotrate 242 i

benBHEAl bRAukrBoRt Bfpefatides fidusésahe ?ﬁ%ﬁlbiﬁ@y bftink @BHELSEN the screens
the amount of streétch in substrate 242, reduc

n
andecgc@mgamwmpmmeéhsﬂmetoﬁemﬁe@mue@s imsc Py mepefacturing process

a '&érgﬁl?gs tg)ntg vaeng Hnéfe%{% 1}0 %a%o %Bg ﬁg Bt eﬁfci)a:l: Bn %Q 5 c?(ﬂt Eﬁe amount of
stesielyiiBubsthateud, tddaciag [réglﬁtmuon problems and the need to modify the process

on the fly to compensate for such problems.

Additionally, due to the high water content of the enzyme ink and the airflow
due to the movement of the screen, it is crucial to ensure that the enzyme ink does not dry
into the screen. As well as the chilled roller alleviating this by ensuring the substrate is
cooled to 18°C before it encounters the enzyme screen-printing step, there is also topside
and/or underside and/or side screen humidification, which can provide a stream of
humidified air above and below the screen , ensuring the water content of the ink is

maintained at a constant level. Typically the humidified air flows constantly over the
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due to the novenent of the screen, it is crucial to

ensure that the enzyne ink does not dry into the
waeoeem28As wel | as the chilled roller allevi apCTIGBRIVWSS04656

by ensuring the substrate is cooled to 18C before it

encounters the enzynme screen-printing step, there is

al so topside and/or underside and/or side screen

hum di fi cation, which can provide a stream of

hum di fied air above and bel ow the screen, ensuring

the water content of the ink is _maintained at
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according to the present invention is illustrated in
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the inspection system 237, may be inplenmented using

}_'Be \%thbg ??gf:a tgm Q(fiﬁl%ﬁtt (I)fo tﬂe ;S)'%é%én% %Vegggril thg &gge%gior? (s:)gstél'ncl) 937, may be

implemented using the Eltromat Inspection System, model number PC3100 HD, which is

=

(=

commercially available from Eltromat Gmbh in Leopoldshohe, Germany. The inspection
system237 has a vision component that inspects the registration marks illustrated in
Figures 17A to 19D and/or figure 20D and can be used as a tool in assessing whether a
sensor sheet 2106 should be rejected (for example by recording inspection results against a

barcode in a database).
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commercially available fromEltromat Gibh in
Leopol dshohe, Germany. The inspection systenR37 has a
wo e@uom28DNpPonent that inspects the registratiBOI/GBRAIS/004656
illustrated in Figures 17A to 19D and/or figure 20D
and can be used as a tool in assessing whether a
sensor sheet 2106 should be rejected (for exanple by
recordi ng i nspection results against a barcode in a
dat abase) 26 WD 2004/ 040287 PCT/ GB2003/ 004656
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idemiation, ARSlsenB¥Y shebliRimber Rad Bew G0ABesS U Eild HiRcodk $@tib# a6 reads
bar code i mmedi ately after printing to verify that the

basende damediatell after wtwgég setiky thafdhe bareqdedhas peinted praperly and
prl)@i%sc ?Ll{gﬁal fl&?l%n%?{ {ogﬁtﬁg #rf%@hlﬁ@ 8%%51%{'55 L%%n%%{a R4 gxio%&q dnformatlon

cess romse ons are

frd)tfl séctﬂbats ahaﬁemﬂﬁtdredSﬁ d dh@abase ahd useklater fo/idamiy and subsequently
gﬁequen rej ect/ accept cards for future process.

TeIRElR GG EREC |Pr§5’€§9‘°&’6‘?f‘§?ssts of, for example, a Martin

Automatic Rewind System This is the [ast section of

t he machi ne and all ows the conti nuous rew nd of

subst r Rewigd? unfﬁéﬁﬂ nd@ist&mﬁ, formmnpbns Maarién AfutcandticRewind
g g arb 1240 i cond 2) Hd ar hor 241, Firs.td f
PSRN 8?% ‘2*1163 SP Q™S P4 e 2w Mg ooy reyind o
suBérat@ DAl . CREKIndALPBiEL Y07 ®akis® oFatfBst rewidd HerPA08d second rewind

en%%&e orint station 106. Second rew nd arbor 241
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irsteaiad groos P40 baldnarall ofaubstighe wtesial HPeand cantiguously
pul 8l Frobd tbnd Bhynft/ peft BRLiEA'L 6. 28c0h @t Qyifld atBE 9B holds a

e conpl e e ro
stdndbynrdli oBinategial, hicll avemAdily $plices a first roll of substrate 242 into a

second roll on the completion of the roll of substrate 242 from first rewind arbor 240. This

continuous process repeats from first rewind arbor 240 to second rewind arbor 241. A
flying splice, which occurs while the substrate 242 is still moving, is used to enable the
continuous rewind of substrate 242. The splice is placed directly onto a fresh roll of

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

for humidification of the web printing environment are illustrated in Figure 3 which
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conti nuous process repeats fromfirst rewi nd arbor 240
to second rewind arbor 241. A flying splice, which
wWo@e@ui0$028hi | e the substrate 242 is still novi NBCT/GB2003/004656
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sc!rc'n1 sg 1Rt B g}ﬁtﬁi‘?ﬂea% rl:hl& gl ?\Fgé/d'[ﬁtooﬂlb RboPiddct Jacyﬂ e screen and

nature and type o cation arrangenents can
retanddedlithia thevicinityo fsheerandyshapesaice of the hoodnif the hood is

npy@t@St at ! 8?1 tl?qqnlgppptglg Sqrgelzjﬂ %#1;,% ?étltyg?cplgﬁ ¥ Ic%see?ﬁﬁﬁc’ooa mayt}xave a slot in the
X %ﬂ&t{oﬁrﬁf?ﬁlrecﬁ%ﬁ §Pp2ntiR9 b élﬁﬁv BR sisRged @ RO BTelatibifto the

upper an [ ower S|de of the
screen during the normal flood/print cycle.

Figure 4 is a bottom view depicting the humid environment around a fifth and
sixth sections of the web printing. The basic components used to provide the means for
humidification of the web printing environment are also illustrated in Figure 4 which
includes top humid air 300, screen 301, bottom humid air 302, pipe with perforations 304,
and perforations 400, side pipe at 305 (not shown). A pipe 304 with several perforations
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screen so that humdified air can be delivered into
the hood directly adjacent the screen and retained
wowdohiom2she vicinity of the screen by the prespei/eBoi03/004656
the hood. If the hood is nounted on the upper screen
frame, as is typically the case, the hood may have a
slot inthe x direction (the direction of printing)
to allow the squeegee to nove in relation to the
screen during the normal flood/print cycle. Figure 4
Is a bottom view depicti ? the hum d environnent
464} is positignad ynderngatdh sceder3A ] ge 6 megnsfonblaviag henbom humid air 302 to

n% ngaﬁé ltlg,g\glscogmgeﬁle 1&%&@ gqglt s?ﬁeéﬁﬁbt %ﬂg‘ﬁf’ ﬁ%a pggpectlve view of

pipe B304 el foRtienale®td BlbwHotiantthnid at‘rIS@Qr e 4 which
I ncludes top humd air 300, screen 301, bottom humd

air 302, pipe with perforations 304, and perforations

Sever ol BPpafs fngidnc g DGl Hng ARl R Al dhgles which

m@mﬂb@m&ht@mzﬁﬁmtctﬁlmeﬂ 690paisi sjieapee 6061 (Ehaans1oSthe squeegee 800

1 as. ns. f g bottom hum. d air 2 to
a{asief] 19 P ig M#fw% i S B Then sirCon A bthe
m@h&kﬁﬂh@aﬁ e 8f MRs§RRGE +,
perforati 0%36200 S?o bl %gvﬁlb%% %ﬁ%ﬁﬂrﬁxﬁgﬁré‘lﬁg Mtt@lzg%ergeees Note
thgt the cantaeitpeind of thediquegzemoe o printmolled 6801 tiesame for every squeegee
mﬁggﬁ&gee angl es which includes a substrate 242, print
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 enbodinment of the invention
t he angh@wef is yachematio diagran depjetings? diffesen saueegee positions which
inBlo SRt 24, e A1 B0 e R Fotir 3B, ol B0t sauecgee
pesitian 90k achynd;sqmemqaosﬁhgl%l BIIFHe sdrieggegolition igithe position of

chematic ng .2 dif n ueegee
(1 SR B £ el ogaieh L Srtoiat €065 The Sesaes pasitiopycan have a
mafeP effb@WRrthPitidknedsf 6ﬁfnte%lqgk $RLEEAE SQ8e sddebSde can be varied to

squeegee position 9 and second squeegee poSition
orgtuize Hecdefinyifiongs shaeriittarem is the position of the

squeegee relative to the center of the print roller

600. The squeegee position can have a major effect on

t he t hikgkire$6 ind sdheinatie diaghitn ddpi@inpQSdctdef’Rns) disfafice (1 000) which
squeegee can be varied to_ optimze the definition of

m@hléewbﬁﬁrata P print glles 699, lpweléprgé el 802, andggregn301. In one
RS RFEER, 599 S LPRaSs PAABEh Bl aigopsgbevecn

sareenl 30 aBO Substratt XIQr den pdéfirred embodiment of this invention, screen snap
setting (1000) may be approximately 0.7mm. If the screen snap setting (1000) is set too

high, squeegee 606 cannot sufficiently deflect screen 301 to transfer ink 604 onto substrate
242 with sufficient print definition. If the screen snap setting (1000) is set too low, screen

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

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

contacts the unprinted side of substrate 242. In a preferred embodiment of this invention,
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enbodi nent of the invention, screen snap distance

(1000) is the cl osest distance between screen 301 and
waemmgiw@ase 242. In a preferred enbodi nent of tPECEGB2003/004656

i nvention, screen snap setting (1000) maybe

approximately 0.7mm |[|f the screen snap setting (1000)

is set too high, squeegee 606 cannot sufficiently

defl ect screen 301 to transfer ink 604 onto substrate

242 with sufficient print definition. If the screen

snap setting (1000) is set too low, screen 301 will
hag plede 110fkmephe eoated withTeflowand may he heated o aparagimgtely 160°C. In

o GRS PP AS b hon ST S bbEB R, . o i
heagrbanls 8803 blowthotlsik ‘dﬁappﬁd)ilﬁaﬁtegilbeGQHHB nadyebe b8 to suit the
first heater bank 1101, second heater bank 1102, and

subpirate tps andior fugimessiand/or pry aretieatvsat Ardier lgter tqﬁ@eramre;
el A0 0SBl 8 Sodd B et e e grﬁa%%.nz' e

i nvention, 29 WD 2004/040287 PCT/ GB2003/ 004656 hOt

pl ate be coated th. Teflon a na heat

o applais I eaigne Smiodedien obatREABE St t) v

confHRES §RBnd bhillsd roleAL 1Y, sBRRl d%ﬂf@ iolle'i 06 ekt 1L Bhnt @ﬁﬂ"()A second

1102, and third heater bank 1103 bl ow hot air at
drigy badx i mﬁeltlsard;_@mbaﬁh il $027iyand dowrtlr dmet bapk 3 103A .t lnean

e o b ARG Bt M HERR I 20 e Bind e B L1014 i drier

bdnR€l 1p2 A¢&FSoadh uﬂeﬂ lﬂmia 9 103l 8lc3# BOhiPt abPRSEnAKly! 1146°C hRhough
the art. Figure 12 illustrates an expl oded view of a

this agy beyyarieds Feowld bermdgrtead bycthags skilled 18 dhetifremi the description
m%éb]er 218, second drive roller 216, first drier bank
OA, second drier bank 1101A, third drier bank
1102A, and fourth drier bank 1103A. I n an enbodi nent

of the nven first r ban 1200A second drler
bank 1fJ %Hﬁs@atﬁ %?x dian g ASecqnd) drpng gencgdgrhich

mﬁiges'l&@%rm QU1 Q,tzs ikt aﬁer%am X0 LM hﬁgpoaﬁha NeyBNthird

this may be varied as woul d be understood by those
dl:;ﬁmblanle 41028, e fourth &mohmﬂhlel 038s dniapteimbndintast of he invention, first

gy JHRG 1008, S50 B R R BER @RE S B cinoF TP Rl aer bank

11238, blbwi Bbt it dt Qbﬁlbﬁﬂﬁatélgz(l@@"c glefougH dds hRy bedaked AWBald be
third drier bank 1102B, and fourth drier bank 1103B.

undsrsigpddniibererkiied dn therpat fromdhy desariptionhareingr i er  bank
1200B, second drier bank 1101 B, third drier bank
1102B, and fourth drier bank 1103B blows hot air at
appr oxiFimtre [ 4 illiéf&eahn qigledtiidve ofrayhitiedryimgizede 230 which

woul d he .
compli[}ses B)urth drive roller 229, first drier bank 1200C, and second drier bank 1101C. In

an embodiment of the invention, first drier bank 1200C and second drier bank 1101C,

blows hot air at approximately 50°C although this may be varied as would be understood
by those skilled in the art from the description herein.

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

comprises fifth drive roller 235, first drier bank 1200D, and second drier bank 1101D. In
an embodiment of the invention, first drier bank 1200D and second drier bank 1101D,
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understood by those skilled in the art fromthe
description herein. Figure 14 illustrates an expl oded
wok@woaf28a third dryi ng zone 230 which conpri BEEGB2003/004656
fourth drive roller 229, first drier bank 1200C, and
second drier bank 1101C. In an enbodi nent of the
invention, first drier bank 1200C and second drier
bank 1101 C, blows hot air at approxi mtely 50C
although this may be varied as would be understood by
e skilled in the agrt fromthe description herein.
b W@Elﬁéali gt anprerdmatele0 Gl tbsz'mlb@@dn@y bewastedas nuld be understood

g{ﬁéb@ ﬂQJ‘ﬁldt?ll ar grﬁ fg%{lb {dfth drive roller

rst second dri er bank
1101D. In an enbodi ment of the i nvention, first drier
bank 1 second drier bank 1101D, 30
2004/ 0 QE%W%B‘SBG%F%R}Q VlerO%\?éifﬁd%eaamg ygit 204 which

Ci T T b
SRPHLRY 'tzl&? %nfe > Ho0abiub pue e Pme 59801080 e h@r dfife enhve@y{h%

be und ood by those skilled in the art
inyeafiqn, ptue@olsvesr@plters Fﬁicgmoataretheubm sud battem side ekpibotiatd 242 and

tr S‘? y%rgfwg{eé%t Cl? g’%og%%f erﬁgﬁ)(grs (1:832” Isﬁsan

enbodlnent of the invention, blue polyner rollers
1601 contact the tljg and bottom side of substrate 242
and t r dH&YreY 57t PR Ulustrete viavel ofranriegudationllayes te aarkcyn layer print

fo'i%!eﬁfb% ﬂx@éﬁ@of %Weﬁ o with %Porﬁegp )%Anlaﬁax ﬁIoFeftg?t e 17A

an |nsu ation |ayer

repraseds thertbp b, Flpare ITKBaﬁieltﬁmnghﬂ; RigarOPRT the@®@tsin' I@ﬂl 41d-Figure
1@3@ t hat ure 17A resentstheto | eft, Figure
et‘i?ét%’ag*& o ﬁ?nsorFﬁhﬁEFr 0¢7 Ebe prarre 89‘5 shern, onethq sensor sheet
illkt@tb®in AdlPe bDE. ROSALHBI@NENYr tﬁ? tlg‘lp %?xfb %) st%'tli'cﬁl 103
mar ks are not shown on the sensor s ra e
priits ﬁﬁrgum lnyed which gomprses aisolid athbn nEEcta:riglesl 700anbinded by a

r|nt on, 10 s, carbon | ayer which
re AR BOdt 1] {75 SR suRerBE 124, e PO th i ek pgplation
pl&xt st&@hdl)g pHafs récddpAnr idsORtidd Qﬁe Q70 Posstd REb Al 2Hhich 1
a.subsequent print cycle, insulation print station

posgiipnsd ilrhb@twre@tﬂia sefidl earbonvegtengledi00 andtheTedtangwlay carbon line
b th
1RBP b e 21alh Bljel © opiR' byl el BT DR a@gpwowmers
tybicakly the7)Ray W e uhdmteldrsablsitﬂltelb Zx]f]z dhaydiig b@weed ith@ Redt |
trat t our corners | Ca
infghice T L0 o sBib habstresnglendte Shoreibmionobioovie %w fayer to
catBi 16 P& AR O CREcked Aokl Y% ddibatdr’Sall 'B? l?é@k%&i P&'ﬁg ROnd

rectangl e 1700. The registration of insu Ion
vigign sensor 222, which in one embodiment comprises a camera pointed at each corner of

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

card are only viewed for a fraction of a second on the display since the substrate beneath
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carbon | ayer can be checked manual |y by an operator or
can be checked using second vision sensor 222, which
w0 nooafe026Tbodi nent conpri ses a canera poi nt ed BPCT/6B2H03/004656
corner of the substrate. Typically this forns part of
the initialization at the start of the print run. An
operator can view all four corners of the substrate
adj acent one another on a TV screen. The operator can
then visually inspect the registration of insulation
to carbon during this_ initializatjon process (and
th¢ igwing eamarais corstantydeingaeplaged: qséh?JWPg Favﬂﬁ?*“% the,gpparatus.
mak ver ' t- i
T ey DR DUl \ER Sy iy RECABASILy dfnsthliehcafey make
has b thedinbslat@pioaaitheckisthmiont Adjustlents theepera®? may make include,
qicorrpri,si,ng, for exanple, 4 cgmeﬁéas oi nted at i
but greot Fnitedioierern BRNHOkeSIaR height STHFERGCRTESSELE ffeen position
L apd £ orwar - .
rolf G sl bR ien pE5h SRiGRGR 1 DRPACE) ORbe RS
re@is@itiondai Gead et aploy thik endothtoprim sfatinns (wingofieveers 82dandl 234) the

S B e 46, IO By e ppomnic
regﬁ{e}ﬁcgf&yrsﬁénp@%%ﬁfpg, A8GrafSn SPFeMER chiedWhasitidnk 08TA, 237B and

a atu syst em enabl es an oper a.t or to see
237sushng tyrkis 24 0 b fdf My argrajlowdd tstake nvertaad megniten ked avtematically

on the igsul ati on to.carbon regist i.0 | Ust
st Rl 3 RO B ) 200 Sk 3t 1710
20 Brcaft B G465 Ok bitbmBitié NeRd Y Reistiafibs Bring ARBRER an alternative or in
pressure, screen position relative to "Y' direction,

adslitiamen usingimarkn21 ¢ to 2164 presh21QY and(2EA8 pg youldegmdgistood by those
' ' 200 - t t hi d oth
s iR end 7 FELAb o8RpAch BEER 00 0 a5 Sthe. O

automatic internal X registration system (using marks
2107 and 2108) _and the autpmati ¢ Y registration
syst emt{gwe 18 ihurpies 2 Vs qndw‘ﬁﬂ_logy‘gy%ﬁg °Prg8’é?aé(8r for an
emg%gi)én'em tﬁ?%ﬁen%ﬁ7ﬁﬂ?ﬂl%roﬁ)§zggik'§étﬂﬁ widnkBie fbOhtibPartwork is
are allowed to take d

over and nonitor an )
loapérdnshd disdctipn of primtingtthaq tha darbon egivetk. Fhisomayieedungven if the

inting. .Marks 1700 to 1703 sho i.n fi. s. 17
cobpindifonaonareh are b eaers d i g ERps (b ubstrat
meY hbRGstRA dHel ioh theRdredi sttdeahaldbé digfefint illeachdiigt (Dslower screen

using marks 2101 to 2104 _and 2107 and 2108 as woul d be

stroke i eas aalatiyely henger arskorkinsiat pleng the diractipn ghirgyeéol the substrate
PP RAIR o B el ! AR5 0B 0L Richig 150 e

béthan Loty and Fipuren 8 tlierbptiomaight efsaisorshicetr? 186 e Wihdnehe insulation
insulation artwork is, longer in t(%e di.recti on of

Lapypr tacRrhyn myes Tegsraian ISJRIPEORSRAT R Ofhe fane FoREis pncAj e substrate
243 ¢4\ observed between the rectangular insulating line 1701 and solid carbon

rectangle 1700. The registration of insulation layer to carbon layer can be checked

manually by an operator using second vision sensor 222.

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

insulation print may be longer than that of the carbon, or the insulation screen may be
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carbon and insul ation screen are the sane size in this

di nensi on because of the substrate may have stretched
woeooioe28Tr een stroke may be different in eachpPGr/aBe003m04656

sl 6wer screen stroke gives a relatively |onger

artwork print along the direction of travel of the

substrate web). Note that Figure 18A represents the

top left, Figure 18B the top right, Figure 18C the

bottom |l eft, and Figure 18D the bottomright of sensor

sheet 2106. Wen the insulation |ayer to carbon |ayer
shoreggitsan that afithé earborppuigestation) Mée that igarer L4y TepEsS RIS %13 top left,

FiiREE A0 P HERb AT GET AgC e R RS BprReiofp shltin ight of

sehf SiRr@h Fo6l ABlen %Qnﬁ%io‘ﬁtldi}&i td)dfhrbtfn Iay&lriegtﬁrﬂmnl imjraproper at
to carbon | ayer can be checked nan

oo o€ ﬂmfgur m@g uBA UG HER G 2 @RDGO eZZ & %&ﬁ%thi gectangular
1n:fu | u St ﬁldvérrgw é;glfboﬁ?eu 1751 %fé‘fdloo NTh strtlﬁbrf:@l’r iRQation layer to

O r an nventi on wt
cathrl@m lcati B tlsdckad imanuallydry antoperatormising seosndl \auom gensor 222.

Fl@%ﬁ%ﬁr)g to 30D Ge st Ainedipferigiae %aéegqgﬁﬁrgrprﬁ%ﬁn printing

2fi A Hichakl Ddolililk@rbon rectangle 1700,
aélégésfrb %%%dgznﬁbetﬂéﬁre z Bichahon CS)Z Holid on rectangle

hoHGH oRdoRs! ROUsSar lsrteolrmé;hqlhmamm repipnglpd 70% rsmrectangle from
rint stat t e,t.hat F| Ar r
o it endyer e 2408 T oy B 2R CFARN fyhaBo . 3ha
uﬂc@ﬁt%d sﬁﬁﬁa{:e' T ©pldRally) @u&%ﬁtﬁmm £ beddised ﬂ&ﬁﬁg)mamkfeme by
. When the insul ation Iayer to carbon |a

aut@gatm mmoumnsmvcuwp PYSsEts sHeh ApWEPASHOR RS9 357 etiond (after the

uncpat ed su 4
L
regﬁﬁhﬁ&gé}@teiﬂﬁﬁt s%ﬁl)raegmmdmmm 2378 asi23a omthe §yBdirection

carbon | ayer can be ch e
ar@pe}f B SESTRR RSO OGEGOHER 93 Sofialfh U pfho X
dl},% D are schematic diagrans depicting the results

ap

rocess for printing a second view guide 2002
(see Figure 21A) which conprises solid carbon

t , | : s
o1 Hoprb et b i abg et el G AR R lifig2100 and
sdchRdVielBiidd 26102, BR% WRgisa¥iein BAQE 216Dskecbndex t@myiaﬁon marks
fromthe second enzyme | ayer 2001, and uncoi@@l&éamyx

zmmdamemmmw o) 03y ands oeph 3 fegtSiratiof
rqgﬁ dgglilj |r IHa08 TTREURREL 4 ﬁXl?és(gwtﬁiﬁBﬁ Rk m%g%glses carbon X

on systens suc I nspection syst
reg@idation nfark 2f 07edndtinaulatR@Cco mglmanymmaﬂ( 2108) .Figng @ilBgs an exploded

reglstratlon I.s typicall rw rri.ed out b
Viewpiane eV orthin sensat f(hﬁﬁttil Qaaw% ?fbg regigiFtion gk 2107 and
s@h® AR gbiiESobs. Fifare 21 C Hiah®&ploBBd view of one row w1th1n sensor sheet
2106 with an insulation X registration mark 2108 and second view guide 2002. Insulation

=

X mark 2108 entirely overcoats carbon X registration mark 2107 as illustrated in Figure
21C and in doing so provides a trigger point (left hand edge say of mark 2108) in advance
of that of the original carbon mark 2107. This means that any subsequent layers are printed
in relation to the second printed layer (in this case the insulation layer) rather than the

carbon layer. This can be useful say if the second and subsequent screen artwork
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and by a registration control system | ooking at marks

2105 (see figure 21A) in the "X' direction). Figure
WQ1004i0$028n exanpl e of a sensor sheet with a fiPCI/GBR@W004656

gui'de 2100 and second view guide 2002; first Y

regi stration marks 2101, second Y registration marks

2102, third Y registration marks 2103, and fourth Y

regi stration marks 2104; and X registration marks

2105. Note that X registration marks 2105 conpri ses

carbon X registration mark 2107 and insul ati on X
dimegsieny ae langerriay the Xidigectipn (along the meb)than thedystisegn artwork
d.vi ew of t?ln%éloe\%v(\)/ithi n sensor sheet 2106 with a carbon
ipepyign 1 5ot SRCHePK 2107 and  second vi ew gui de 2002.

Figure 21 Cis an exploded view of one row within

sensor sheet 2106 wi_ith an insyl atjon registration

Tt k2 AGENAcd OO A ORI O RSt BUES GOV i Figire 20A-D,
infTRE Keapdff i WHiliPlnty QUARERAL At GBAN of chfbdh PhibAARA 103, a solid

as IlTustrat In Figure 21C and in doing
cborpyeotahgled 760 is prijged alpog with @lreftangwlardarbgyding 4 0B which

FCCRI NN T MR R T s

rdfal gﬁlﬁldinsﬁlﬁﬁéﬂiﬁé 1701 ik Prihfe@ bewRReA theolif icaboh aatting(d 1700 and the
this case the insulation layer) rather than the

rectanpdar talker linerh703. ¥dhentiesulation o cahyn reeisglonr SCoHgctAh all four
subseque creen.artwork . :
oA S SRS 0SB0 MR b s o
a8kt 1700 ah@ kehmeute imahling ian1701e Addifonatlyy section 4 of insulation
ar t wor i mension in the X direction. ﬁn gégmd.e% ectl
printesiation 1@dethersyare fve morsecispeyiar igehlafian fnes rinfed directly
Fi gyr e : ' ' jriohalli i dto
SR Ex ¥ Rop LRahE 17090REE 8 BBt Bigs e usd
vi0hliythss&sa tioregistratiangf frstd@Pme dayer 2eAk the wglatipn layer and second
rectangul ar carbaqon Line 1703,. whi,ch surrounds th
exgmedayer298h to g@tlﬁﬂﬁ?@nﬁ%%hlﬁ\tls g@&sﬁojp( ppnging a sofid rectangle of

eﬁir}ﬁjﬂ% ik vAmiPHetbctah AlldrQRsuldddn 1Re ab BRfsaR@d iBFigure 20C and 20D.
Insulation |ine 17 is printed between the solid

Thes thethirkaidfoytth pringd layets eande registeradgo e seeendan nof fpethe first
170 When. i nsulatipon t ' [ '

oS ol e PO E B it 528 hfyen g st and
s8Qdnd NERA! @fhicHiREY ba ka6 sivhiddhe gulistiateestretchalfier!the dirigmint
rectangl e 1700 and rectangul ar insulating |ine 1701.

siatiom faremample, dugtio Shechaabipdacrsyon FSQRHETEd ﬂ'ﬁr’fﬂﬁft dring zone 217)
station 10 t s j i ;
o RLADr g 8 TR A5 RO L UBL o 00un

tyR6dl anleX dif@&ionJhese two additional insulation Iines
are used to

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

set of punched cards such as those illustrated in Figure 21A. Punched cards are ejected
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visually assess the registration of first enzyne |ayer
2000 to the insulation |ayer and second enzyne |ayer
wQO®1/04281 he i nsul ation layer, this is done soPE&IGB2003/004656

printing a solid rectangle of enzyne ink within the
rectangul ar insulation line as illustrated in Figure

20C and 20D. Thus the third and fourth printed | ayers
can be registered to the second and not to the first
printed |layers. This has the advantage that a change

in artwork size between the first and second | ayers
frommpeehig opto 2 eenyieyerbelththis ehnyeyer el ransposs teratdshinder a

i- i_nt tati f le. to, t .
B S A KBl G o1 Bl oS S Rt b o cand i
agdep) or 1efot MEeRCion BB s DaiablRUAuRAGE 98 nfthlif CktrBdtion of

registration (a tolerance of 300mis typical in

prin
T?Jﬁ%te‘i@’ﬁii? e Gagigd oytsThe cayds ara thea stasked oquiopof png agpther in
bstrate 242, includi
atdfiSn ?Mh@fleﬁtti‘ﬁaégff?ﬁ% stgpostrate I ncl udi ng

the sensors print on'I's rewound by rew nder
unit 107 and is then fed into punch 108, which nmaybe,

s R e T
sthtiod 16%,and 5éRal N8y B0 bShiQatiMNOB a1l hiEa E{eﬁﬁsofop&ﬁﬁ%})ykinspecﬁng

registration systemuses a CCD vision systemto
the registration iponediatelyrifich themeinting prosdssoteptisingGsbaisiop sémsbr 215,

A 0P, BB o B! Bk e

Fefletth Sectibidn Gt Web pahtifpunedufdd it Sprdcess 1SefioP3NE BEHA 6 - there
cards such as those illustrated in Figure 21A "Punched

aEealV 48 Vagwerspaicr s igratabnme sty afiemheprotas poxes6tep. Sce
Fgéél?é% QH% fo]r%eboﬂ \Qelalogagfs&‘ngy%erg %let Mo%%ga%%@é%%% 3 and four

t transports the car under "a  barc
cavérasieachatl Sedtiom HfS dnde. heondedewer ramelhs@ed part 6f a manual set-up

identif(ﬁbm@et er the card is _accept or reject in
PREFERBhOY B HE Wﬁﬁlﬁﬁf’aﬁ‘a@éﬁ d‘mngdgﬁftﬁlé obtherpsi ayn. The cameras
afIsERRIViOR plinted RS j L ﬁﬁ,tg,. iLhE

cards ayle t.pﬁleae srtﬁack’e‘?qgl?}a?g%eo cl)ﬁglfn(g% erhia}}1 ent to substrate
242 anshiegisiratior betweereinggatiomiaerf tacttbon teyes t S5t endynediye o

- nrd [ 103, insulatign.print stati.on 104, first
utThn BB uRsdeona e Bverdh wRulabin v hroriitinginides are
ilhismitb® indldbedadi Figars2 12\ NBsHEHoA privit Siinlent, isB&RAG W Buide 2100 is

t he éggi stration inmrediately after the printing
ugsdde sudicats g cabiopgring pesitien igirelatientodthe eduemf subsmatai2 as it runs

e IR B P R —
Figoee 2ib Theicattiongring iwddpstadninty therlmee idicatea6t the Prisk is dquare to
thSe sﬁgs%a?e édg%.hlgégeistration of the individually printed layers is required in the X
direction (along the length of the machine) and the Y direction (across the width of the
machine) See Figure 21A. X direction registration is controlled by the internal registration
system of the machine. This utilizes the printed areas indicated on Figure 21A, B and C.
On the Carbon print cycle a carbon X registration mark 2107 is printed in this area. The
Insulation printing cycle is registered to the Carbon print using sensors which use carbon X
registration mark 2107 to allow the insulation screen to adjust in order to print the
insulation ink in the correct position. The carbon X registration mark 2107 used for this

purpose is then over printed with insulation X registration mark 2108 and is utilized in the
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are Wb Viewer canera systens |ocated i nmedi ately
after the printing process step. See Figure's 2A-2C
wo oro4me28Vi ewer | ocations. There are two camer BCI/&B2003/004656

Section 3 and four caneras each at Section 4, 5 and

6. The web viewer caneras are part of a manual set-up
process used by the Wb nachi ne operators during the
start of the print run. The caneras are used to view
printed marks, which aid the initial set-up of carbon
alignment to substrate 242 and re istration bet ween

samegnAnger torvorragiby rogtstes irgenzymg kyer 7000gnd éﬁ%nm%}ayef 2001
|
i g AN s ¥ BB RO s TN Y B e
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. second view quide 2100 is used to d| C ga{igfe) @gr bon

ingention Bt PRAF ERIRAEOR 15t aiods ?

L%)ﬁgld‘?ﬁoﬁet Gk ’Tﬁirs QWiBDeCRE PR He% Zfibﬂd 9104dicated in Figure
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21|A |Qus¢achpedt ¢yvle —FCgIhoa Inswlatidih Engyambb anq;)En:mm&Zs— these marks are
Ste t I, the pri

| d h
orlidiprtss it elifeaieniains RysB it dPssbRan Ty ghection. The
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direction
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dagibase¢dndie tiaged be@ tpleac

r.e 2
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by
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terrac

t4HAH it Q)lu lﬁlgq_?Table 3.

The Web TRagabafcha3rthaisitityao @ssess Wﬁethataqﬁoeea;s Emgnfeeeﬁé.AcceﬁStable or

and C.. On the Carbon print cycl
Upasgprighle end fnRe ysed 19neiect cyrs Ap

rubREENAIHEP TheR foldridld LA

pri #t usi n

g sensors

a carbo
s basig

Wg 'gPTe’er pygmeters were

Ctﬁxahc;eéﬁa%gé k& B8y bOrdh& <Gaf Ridre

carbon X

regl strat

1 on

proeeskesZlhdr menwlly@wattomatinaly. at i on screen to adjust in
order to p

mableBi on.

rint the

insulation ink in the correct

The carbon X reglstratlon nark 2107 used for

Hiot Blatel loof | egiBtierdBankrl | s domermankdd by Dfierd@pinktlr|at | hier Bank 1
system (npt sho | ocpat ed at ositons 237A,, 237B and
237C3mhich in one®’@rbod| ment 6# t he |nvent?gn maly be of 4
an_Eltroma re stratlon syste del nunpber 65
rigmBagk go| dsHARE BaskiZany D Wr]gsa“go i | i z & i nt eél)’fler Bank 2
aregg;2101 to Zloqxgndl“atedld}3F|gure 21R¢ 4O each of 4
print cycle - Cafb wsulatlon Enzynel and Enzyne2
t hese ks | r, t hat
é%fb@f?ﬂ%ﬁ? pri ]%fler %?E]?(e% ster ed(ﬁang 3 Sens oércgu%e % the v Squeegee
di regtfi on. [ The  of2 of 3 Pressure Pressure
Drier Bank 4 Drier Bank 4 Drier Bank 4 Inside Hood Inside Hood
of 1 of2 of 3 %RH %RH
Squeegee Squeegee Inside Hood Inside Hood
Pressure Pressure Temp Temp
Outside Outside
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Wb Dat abase records process information during

printing.

w0 eadmdn2back to each i ndi vi dual

Informati on recorded in the

one enbodi nent a 2D barcode is used. Typical

information gathered in the Wb database is outlined
The Web Dat abase has the ability to
a process paraneter _
Unaccept abl e and can be used to reject cards on this
running wthin

in Table 3.
assess whet her

basis - whether the paraneters were

is Acceptable or

dat abase can be
card via a barpoTieB2003/004656

there tol grance limt. {Unaccept abl e| car #ood¥yRHe Hood %RH
removed—at—future—progesses—etrtherranvatH-y—or
automatically. Table 3f ~I"'~11: X17{~ ~: :omﬁfqig;ll ~ - Qutside
~C (Il |~=~"~t~t~il} ,~+ ~t"Lill~ll I~ti~~ t
Plate | of Drier Bank | Drier Bank ] DrHepdBgmw |  Hood Temp
[T of 2 of 3 0of 4 of 4 Drier Bank 2 Driet
r Bank 2 Drier Bank 2 Drier Bank 2 oft of2
0 ofa-0f 4 Drier Bank 3 Drier Bank 3 Drier Bank 3
Velidenpian fqueegee of | of 2 of 3 Pressure Pressure
Brier—Bark 4 Drier Bank 4 Drier Bank 4 |nside Hood
Web Speedopd of | of 2 of 3 YRH %H Squeegee Squeegee
astde—Heod | nside Hood Pressure Pressure Tenp Tenp

T TToT OC T

Qut si de Qut si de
Hood
Web
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the wolb printiryproesss. Khe YaradietedNorefrebiRithe Airt@EHSA6MH 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

mvention, the following parameters are used to register the following print process such as,

for example, carbon print station 103, insulation print station 104, first enzyme print station

105, and second enzyme print station 106.

In one embodiment of the present invention, the output of the web

manufacturing process is cards printed with artwork comprising Carbon, Insulation and

two identical Enzyme layers printed in register with one another to form strips each

containing an electrochemical sensor and associated contact electrodes for detecting

Glucose in a blood sample. The strips are used for self-monitoring of blood glucose in

conjunction with a meter. Productions of several designs of strips are envisaged. At present

the web is designed to produce “One Touch Ultra” strips for use in the One Touch Ultra

meter which is available from LifeScan, Inc.

A schematic diagram sample of the artwork produced is in Figure 21A. This

illustrates one complete printed card, which contains 10 “Rows” of 50 “Strips™. There are a

total of 500 “Strips” per card. Print orientations are also indicated. By printing rows 0 to 9

(each of 50 strips) parallel to the direction of print, the process can be easily extended to
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the web printing process. The paraneter Y represents

the direction fromthe operator to the nmachine side
w@bRootiog028b printing machine (typically hori zoPCHEIGB2003/004656

The paraneter X represents the direction fromunw nd

unit 101 to rewinder unit 107 (typically horizontal).

The paraneter Z represents the direction perpendicul ar

to the X and Y directions (typically vertical). The

paranmeter O represents the angle around the Z axis. In

an enbodi nent of this_ invention, the follow ng
inshsionaiarcyttmestapseparating eng rovefiomipaothet.| Ewthgmgre fitis means that

tion
o SRS i SEUTPLR v SH oL By Bt o e
dieaionaif pnﬂﬁ)é'a,n b&nderﬁﬁii—:d rRAsiBN EYeierdw isnilllosdtad & ﬁﬂmb@ﬁ(lddnﬁﬁed bya
nt of present invention, the output o

one
bETRIEBS heplure SPrcie F@Vspﬁ@@éggclﬁg shegtshn the b &an Baterbe identiied
wathtrbRfdac RRE H&hﬁ‘cﬁe G BRRinatdSWiRdd: ARk R34 to fe“i\;@lzt ﬁhe whole sheet.

I dentical Enzyne layers printed 1n register

Thisan¢regses ﬂneb’mlﬁvﬁmaabbspredwh froootht provessprarenders the Whole process
el e éﬁf em cal sensor and associ ated contact

T Y 5les for detecti ng G ucose in a blood sanple.

The strips are used for self-nonitoring of blood

glucose in conjunction with a neter. Productions of

sever al Theanovghle sgbstantiallySlag paeemedpsayetl witkt thp tyme of ink

(TR <o AR AN el & B BN o (5Tl S s ofa
mavabit dbl ?re{eﬁ (6: 1} bﬂtidbﬁeﬁﬁaﬁk T c%ﬁtfbl gf\ ph6d tﬁfﬁFEtidh eﬂxkigfllﬁ %smon of the

e o e ar r roduced I's in Figure
ﬂﬁ“ﬁﬁgg Lab'Prétoé %d%ﬁp#pﬂl@?f@dpﬁm #lesgnsosy than vgmydw allomed by gotogravure

1]1%; 1}1?%2&‘%&&:9?)110 g, zlr%'%r of typ&r & flen thgﬁf?e}re& mg’s%,o diameter of

ent'ation are a
thireadi in sheaeshBihreadisaparatiprr, dviskddse, meSh coweo lar@fea&ﬂ)y commercially

str' arallel ta the di.rectio print
VB3 oy B aisfers ettty of Serbes Doig i athe continous
westﬁﬁﬁa@%é&ge&%n inR6lat&h, Gazphep cutting step
separati ng one row from anot her. Furt hernmore this
means that any defective rows resulting fromcross

0 oot Bsghlsg Bl oblihBim B o REERE BRI IR Bl o
squsegrlelunging tet sareﬁm tovetrdd thdeobstfatecd Vbide@r of bﬁh"aﬁ&@&é az%rb@aﬂable to

therefore&ra1 épeCIfIC rows from speC|f|c sheets on the
fated Jsereehio SubEFAte ngle saupasse peglerssrrea te squekgce position,

sﬁ%ﬁﬁmwﬂﬁj ‘Pf?g?n%?tn%r \aﬁﬁss'éégl%tg,ﬁgfaﬁse F}ge% : Bf)suﬁ)gt{raetg tnd 8§ een and
squeegte etc) ta aptintibe therpying peocassdor dﬂdﬁ)’(ﬁeﬁﬂtﬁl yémebie. pr ocess

more efficient.

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

under tension.
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The novabl e substantially flat screen copes well wth
the types of ink (solid/liquid conbinations) used in
wo b@4/ui281 i ng of el ectrochem cal sensors. The PEEGBR00a/004656
- novable flat screen can enable better control of print
definition and the deposition of the thicker |ayers
of ink needed in electrochem cal sensors than nay be
al l oned by rotogravure or cylinder screen printing. A
variety of types of screen (with different nesh,
di aneter of thread in the nesh, thread separatjon,, .
t hi cknEbssubsteath havtorhe)kept wndes satision te eonteal semgirafion within the

avail able to cope wth.the, diff equi .
o a ety sy iR s e SHERY SIS il afr
pritiRg GRS sitRREE W1 strBe hifipicaittably gausid imBge sins eartition e subsequent
arrangenent of the flat screen, print roller,
prethstrate and a squeegee urging the screen towards
the substrate, a variety of paraneters are avail abl e
to be manipul ated (screen to substrate angl e,
squeegehe singbethe smagepriited stpack gent gaidintis determingdi by gevsral
to print_roller posjti 0{1 ] snaﬁ di st ance, rel at(i Ve trat
fagipeseaignaif sizss ik Yisgosttwalative weh a7 senalisfsesgapogt &yl pgsirate
sSR! a%{a?périﬁfag)gfﬂ 1R eRibRESRSirle Pbrs Bl LbletAF BRThE Rhage size variation
sensors.” To sunmari ze briefly in a web manufacturing
(bpivaer diffdranrt printing steps) vlreg lodkied et thsehd of thelpreeass vias found to vary.
t he web_expands,or, st.retche s i.t. is.h 3
It g BRTORHBE ST EIeD e e priaed mevpristds i e M e
mishAtdhaRswédnAmaB& FPRY et 8¢niaers isEuitat tham300meroms niynEahe web
typically eachare followed by a drying station, In
(xetittetion)othepyodustwilhiet vegrki Eheprcessive image size vadation; asdhought to
operate at. qui gl r - RS hrinkin
bec‘i"rﬁtf’jf‘%ea%‘j’? Sk r%%?%@?e@& tg %ﬁ%%éﬁl?ee%?% 7 t;lng% on %%&tﬁhagd > &
ofRbwieh cahsghtecach printing station, the web is placed
under tension. 38 WD 2004/ 040287 PCT/ GB2003/ 004656
The substrate has to be kept under tension to contro
regi st gLl hbel Baufse $d dame/i6HI8MS lin flat bed
t he suk}gl%?gébé&?tgbh%%%ﬁ]egn%?ﬁgﬁgﬁ%sﬁ%tt 0 Sdr y t heviji}nks ]
préatirgr Topolvettherprobidneinsthb stebarecess, Ipre-srna gpstrate was tried. The

npr edi ct abl y, causi ' e size variation. i .
s quehited o e Hinleres SR ioRins Bk heedip o ver
pRRER. RblBer ShabPRtionSn G sHd1REhalied 3gir6blad, addeinssdreduced
(stenci|l size, ink viscosity, relative web and
yistdsnci | / screen speed and substrate stretch at that
poi nt (both reversible and irreversible stretch)
etcThe i mage size variation
The current proposal for the web process is the use of high temperatures in a

first drier or rather preconditioned at a sufficiently high temperature so that in one example,
irreversible stretch is substantially removed from the substrate, prior to an image being

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

up to 160 degrees centigrade. The temperatures encountered by the substrate later in the
process, typically do not exceed 140 degrees.
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(between different printing steps) when | ooked at the
end of the process was found to vary. It was

waoirodi2et abl e and hi gher than expected si gni f PCEHOBRO3/004656
reducing yields. If the msmatch between inmage sizes
between | ayers is greater than 300m crons al ong the
web (x-direction), the product will not work. The
excessive inmage size variation was thought to be due
to excessive and unpredictable stretching (due to

st r g dEoresEA Bt bank Bt Flbanirinish apathsweopses i the

h&t?ﬁt% Tie 153(??&1&{ &Q{ {ﬁatb NwhikRlinb&sk cdtddid fhl Qubs-ﬁ%te during motion

sol ve the problemin the web process, pre-shrunk
obtestebaThe e ist mtredhceﬂ’fh@ theshabls facato€ themebitede. dihis is currently

around 185 de r r ad efor n the
e st g e W e B e g A0 Cofbt bol
staf§iRiaNe gr@l&aqbé BéR dﬁﬁléhsﬁﬁuﬁﬁﬁtrbp ct%@ el cultted!hidan i 160.9°C. In
current proposal for the web process is the use of

BanlgR hpeaipisriniredussd fmthg front face off fiegnbsirate attarsst point of 160°C with a
é’e{gﬁfc%ﬂgﬁ bt 9 eéf*ca‘l“*lé‘cﬁgﬁlgéeﬁ LS0hk %1[ &Yl St @'@S{lﬁ H5t%ii8 introduced

n one ex Irreversi Stre

tcsuhbﬁoaﬂfalcabfmersﬁmaeﬂatfarset‘rpdlheoﬂlm% wathe, spBéllﬁeditldmbf&m- 4°C. The
eing printed on the sybstrate. In a fi

c@?@e@g 83 1%%& 156 ImBalet hehpinis dnrodacedstothe ﬁpmofmof the
DRALS of DS SRR LEIEEC Whn bepdBRcABELER

Sten‘peraat g??g encounterg‘é b%}é&ﬁ% ggggtféfgmgéea?&iﬁ%te&_ﬁﬁams
160.30°%€5s, typically do not exceed 140 degrees. 39 WD

2004/ 040287 PCT/ GB2003/ 004656 In figure 2A the first

heat er bank that the unprinted substrate encounters is

the hotApl ket of theSwdbStesid®hdDihe heAtRFLRICAL B th%h@m the web
lifts and contacts the substrate during notion t he

systrateThatraiehed byappreximalghcdi7mm pas ertyadkrepeaeThis wah ene of the

pﬁ #B.Ii%x%%&o%s [f(ﬁmetlﬁlszin% ?tlﬁ P%AO % pre]p(lilrgl_d;tll@rgl&gfl ﬁnlxﬁtoss?%ﬁ]gze tgl? substrate
pirioi ﬁtsubsbqﬁént @hnﬁﬁg btutigriso Thelast ¢ftSeathmst todirecnditivndhe substrate

control a cul at ed rrepgﬁis 160.9C.. I.n Bank 2 hot
igproves; Pﬁ“ta Wit ekarben ppd Isplgiion Rawd coeth sincosmbeh o (Hhe material

s@étc@h&q}eeﬂ?élﬁﬁveﬁfﬁ'oh@% Sbdthatépri %‘f)hﬁﬁﬁ tion of +/-

4C. The cal cul ated nean 1s 16 3ank 3 hot air
is introduced to the front face of the substrate at a

set point of eC|f | on of .. The. .
cal cul dP&8° ﬁﬁé 8‘1“%6111 8?[ e‘i"‘r}n a‘éfr?ls’l cach SPShich bolds
a6l bPSBGede hiatdrE s{lﬁﬂ?trneftéi?eﬁ b tﬁehlﬁachme, the second on stand-by. The

un-wind unit allows a continuous flow of material through the machine with a reliable butt

splicing operation. At the end of the machine there is a rewinder unit. This consists of two
mandrels. One mandrel re-winds printed substrate material, the second mandrel holds an
empty core, which is in standby mode. The re-wind unit allows a continuous flow of
material through the machine. The material is then transported from the end of the web
print line for finishing. The web substrate material may be a polyester substrate (trade
name Melinex ® ST328) manufactured by DuPont Teijin Films. The substrate may be
supplied in roll forma, nominally 350 microns thick by 370mm wide and approx 660m
long.
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substrate at a set point of 160C with a specification
of +/- 4C. The calculated nean is 160.70C. As a

w0 e@ulos028f t he web tension and the heat introdeCEABRIV3/004656
the drier, the web substrate is stretched by
approximately 0. 7mm per artwork repeat. This was one
of the primary reasons for utilizing Station 1 as a
preconditioning unit to stabilize the substrate prior
to subsequent printing stations The use of Station 1

to preconditio e rate inproves t e stability
o Bor roEh e et lhs piehet e e WA S Fursgiving

cOistnc bverSirin? s D afdo PBEIBIE TRVSH Pré QR hilifg ﬁiégﬁéé'eﬂtt ifivention,
rior to prlntln I n one enbodi ment of the present

200(ea5dy ean betprimt @l woll effimoin ahhutcﬂm howk,dE6 oaevenl 7 rolls can be

o BRSBTS Rl o e

allows a continuous flow of material through the
machi ne mnih a reliable butt_ splicing operation.
the endt¥fll beccagriredibat eatvalont staughusgs magibe @ﬁthuterm fog the
TRRES] ]
SRR ifoslred 4 QRGP Epin P o Bl et Ul Bgng ot the
irenti@nip npt theely sthictire whidhrmat Banethylopatie. implendne thai dIEdmed

B S DB o b e P e
filctibEnd'\RIRK sﬁﬁétﬁfe dah ™R rERfred td"éssélh@:%s f xtﬁer}??ﬁ%ng at ﬁnactlon

substrate material may be a pol yester substrate
name Melinex (r) ST328) manuf act ur ed by DuPont Teljln

o nar Ve SRR RooitenlE o BB oy o8 s gpown and
déis@ﬁh&d lh@élg, it 4611 E@oB%ﬁé AB8E sk el iR BIROMRR EmbbBin¥its are

: hod accordln? to the present invention, Iong
PW} ofiexamp | Npgroys yeaations, dhangagnand sybstitaéons will
I nt
nby %é‘*‘%’;‘? o AR BYBE SRSy HPLOG RS A inb AR ifiopia be
umierdﬂmd thai Vfarﬁtus plt@ugives to ﬁielemboémémﬁ oﬁﬂae thviehiich described herein
i ncreas i el.d amati ca up to of .
R o ERBfov et S praitrins RTenen. ks igmaca o Bl agtaims
déﬂ}ﬁtth@ﬁbéb&! of #itinSdnfivh bHd Bt HRWhoRS afHRIckired \%ﬁh%% {d3Be of these
structures illustrated and descri bed herein an t%at
cleimes apddbeir paivaleniobe peveredtherchy. i nvention is not the
only structure which may be enployed to inplenent the
claimed invention. In addition, it should be
understood that every structure descri bed above has a
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function and such structure can be referred to as a
means for performng that function. Wile preferred
weniwadiozent s of the present invention have beePCEHOB2MV3/004656
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 mﬁthout departing fromthe invention. It
Cgﬁﬁgh? understood that various alternatives to the
ments of the invention described herein may be
enpl oyed in practicing the invention. It is intended
that the following clains define the scope of the
WHAMNSI GpABMED ISat net hods and structures within the
scope of these <clains and their equival ents be
covered thereby. 41 WD 2004/ 040287 PCT/ GB2003/ 004656
CLAIMS WHAT IS CLAIMED I'S: 1. In a continuous process
1f{omd ébﬁtlﬁﬂéu&f;ﬁﬁédsé forahe MhRThdtaREF# e bbcliaiiss sensors comprising an
conprising el ectrode Iayer and at | east one
ek@ﬁ@@ﬂ@%ﬂa?éimjﬁﬁfﬁ??ﬁﬁg%m‘%@%ctrode | ayer and at
| east one reagent |ayer on a first portion of
subs prigtieg as plerieodejayersad arlgagh one raagensflaypn los arfigsteportion of
t he fﬁréﬁmb and printing an el ectrode |ayer and at
Ieas? one Teagent |ayer on the second portion. 2. A

met hod,. of nanuf rin n ctro sensor
conpﬁgg?ﬁ%aFWﬁﬂ ﬁ 5% 6$ émgﬁﬂétrate froma

first raoll of sub trate naterlal pas ne or nore .

pr i nPriging pyplectseds laysriand phlgas qae Eﬁagﬁqﬁ%veé B s s5eed Rastion.
the substrate at one or nore print stations by screen
printing, splicing a second roll of substrate materi al

to the end of the first roll and passing the spliced

2s ubﬁﬁ@@ﬁmmfgﬁuﬁmamdecmch vnsmcogtpmsmrtmnsm)rtmg aweb

oF AR YEh Rl 1Bl 2 MuhuhB il ot onk 3 o it ana
prnﬁg 61RE6T Rdterdléch@dedlon the shitratut bk otgbRpridt 3tatissy lﬁﬁibreen
rlntlngg@gﬂﬁA nmet hod according to claim3 in which

PFipting, sp eqongapll pE sybsirale amtasial ihibesnd of thetfastapll apd passing
b § g a first

tﬁéggélgﬁ{su% u3| ngél# Olaégfglen r‘?ﬁiaﬁ’gy 5. A net hod

according to any of clainms 3 or 4 in which a second

reagent layer is printed on

3. A method according claim 2 in which a first insulation layer is printed on the substrate at

a print station by screen printing an insulation ink using flat screen printing,

4. A method according to claim 3 in which a first reagent layer is printed on the substrate at

a further print station by screen printing a first reagent ink using flat screen printing.

5. A method according to any of claims 3 or 4 in which a second reagent layer is printed on
the substrate at one print station by screen printing a second reagent ink using flat screen

printing.
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the substrate at one print station by screen printing

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

insulation layer is printed on the substrate at one

print station by screen printing a second insulation

ink using flat screen printing. 7. A nethod according

to claim6 in which the second insulation ink

C rises as.adhesi.v ink.. 8,.A nmethod. a rding .to.
6 R PR P SR AR e a8 Vi SRR R FREA DSk i Brinted on
{helsabdiaRsif one Eﬁﬂﬂﬁﬁﬁon Byetdeflpkiatin® b sesbnd $hstatiod I6K Gsid¢ fat screen
printed on the substrate at a print station by screen
pprtingt i ng i nk using flat screen printing. 9. A nethod
according to claim3 in which one or nore el ectrodes
are printed on the substrate at a first print
stations by screen printing electrically conductive
7i Aknetisodapcdidinig tostaimeninprhich thegecandfinsud4tidnnsk camposes as adhesive
.layer is printed on the substrate at second print
Mt ation by screen printing an insulation ink using
flat screen printing; a first reagent layer is printed
on the substrate a third print station by screen
printing a first reagent ink using_ flat screen

8 pA inrthasbaccerding teeany pyaseding claigin qng or rrare figher elegtrode,
reagent, insulation or adhesive layers are printed on the substrate at a print station by

screen printing ink using flat screen printing.

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

printing; and the layers are printed in that order
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