WO 2004/ 040948 PCT/ GB2003/ 004663 APPARATUS AND METHOD

FOR CONTROLLI NG REG STRATI ON OF PRI NT STEPS IN A
WEBNFNIGS PROCESS FOR THE MANUFACTURE OF PCT/GB2003/004663

ELECTROCHEM CAL SENSORS Field of the Invention The

present invention relates, in general, to a process

for manufacturing electrochem cal sensors in a

conti nuous web and, nore particularly, to a web

manuf acturi ng process wherein el ectrochem cal sensor

APPARRIIGS AN MiESHOD FOR CONTROBLING REGISTRATEON OF PRINT

uni que two layer registration mark is used to control
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I nvention El ectr Sensors are used in a

variety of diagnostic procedures, including the

nmeasur enent _of glucose in human bl ood. The manufacture
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by a neter ad ed asur.e current or. charge at

pritf stegp Eb{lﬁeé’&aé’é‘?&kﬁﬁ 8% g‘ftréfﬁp ogemical sensor g%]lp‘rg’o cheni cal
sensors requires the deposition of several |ayers of
el ectrode material, insulation material and reagent

BadkgeoundQf Bhedlinivestipice and t he accuracy and
arrangenents of such layers is critical to the
ultimate function of the device. Further, in order to
hol d down costs and neet demand, it is inperative

that the el ectrochem cal sensors be rraﬂﬁlle actgred a
very hifgectiysBenicabsrasor £17 BB LYk o4 f1agRpsye procedures,
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can be used Tor many applications. In one application,
clettevhemidab sinses isentssthemainyfactnee dfneilians@fismel strips which each

.speci al |y adapted, neters.for .self- I.tori .

ins g FRERAS PETECEBOUTDbRES gee] MIiGLR Bt odPeeive blood or
oRBAbIHBSIigd Chhe¥odily URARSRETOM congera irelit betdied) thierlectrodes in
tor exanple, blood "or interstitial fluid. Man

thareslly Ths eleghodss are genstrllysontgd suithpt dpastonegenzs éiat reacts with the

aga?}r}% ?erg glucose) in the blood to form an intermediate analyte that may be measured by
a meter adapted to measure current or charge at the electrodes. Manufacture of such
electrochemical sensors requires the deposition of several layers of electrode material,
insulation material and reagent in a very small space and the accuracy and arrangements of
such layers is critical to the ultimate function of the device. Further, in order to hold down
costs and meet demand, it is imperative that the electrochemical sensors be manufactured

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

Electrochemical sensors can be used for many applications. In one application,

electrochemical sensor strip are inserted into specially adapted meters for self-monitoring



dependi ng upon the design of the el ectrochem ca
sensor, the arrangenent of the el ectrodes, the reagent
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and greater print thicknesses required when printing

el ect r RERS Metialds ed to@Endth@hre $60hRBRSMRAVRNsors, including
&enerally been used in single feed flat bed pr|nt|ng
su

prepesses asaplegravare and cylinder screen printing. In rotogravure printing a
cylinder is coated with a covering defining the shape of the feature (e.g. electrodes) to be

printed. Further cylinders may be used to print further films or layers (e.g. enzymes or

insulation layers).

Where an electrochemical sensor is fabricated by rotogravure printing of
electrically conductive ink to form one or more electrodes on a flexible web, which may be

polymeric. High quality print definition is possible using very thin inks. For the thicker



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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Rotogravure printing with carbon inks (which typically have a high solid content and can
be quite viscous) for producing carbon electrodes is especially difficult as the solid/liquid
phases in the ink can separate resulting in incomplete or uneven filling or emptying of the
engraving from print to print. This can result in uneven print thicknesses and degradation

of carbon electrode quality and consistency. Cylinder screen printing is well suited to



ability to mani pulate the way the screen interacts

with the printing nedium and hence exert influence
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of the cylindrical nature of the screen. Al so, the

variety of stencils available to achieve the correct

ink thickness for each type of ink (Carbon,

silver/silver chloride, insulation, enzynme or other
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printing) with 50 sensor strips per row. Strips 1 to 50 in each row are each parallel to the
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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



anot her. Next each row may be mani pul ated so as to be
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ca%jonalayelg Easuﬁ’een us@vpto reglster each of the subsequent print steps (e.g. printing an

insulation, and two enzyme layers). Because of the increase in screen size for the

subsequent print steps, the use of single registration marks at each layer may result in the

image being printed slightly too late.

It would, therefore, be advantageous to develop a registration method that is

adaptable to use in a high speed continuous web process. It would further be advantageous
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In one embodiment of the present invention, a first registration mark is printed at
the first print station during the carbon print. The substrate then moves to the second print
station and the insulation layer is printed at the appropriate location on top of the carbon layer
using the first registration mark to align the insulation print screen. The insulation print screen
has been increased in size slightly relative to the print screen used to deposit the carbon layer,

to take into account the stretching of the substrate prior to the insulation print. In one



insulation print, and because the second registration
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mark and the enzyme layers is nowrelative to the
insulation registration mark as opposed to the

original carbon registration mark. In a continuous
process for the manufacture of el ectrochem cal sensors
conprising an electrode |ayer, an insulation |ayer

.at | { . t | . t hod . [ I
endinicst wEBREreRAG BHERGR. PP IS PRSP BB POy e
insifhtish paAt, AtEbdcALE iheRBorfl rbbikt®dtioh @HIS {slAabQRaribe Hirst registration

Heating fhe substrate to dry the el ectrode i nk.

magk, thesacondregisirationguark savars theisst segidration wageinddghe enyame layers is
first. i strati Printi i psul ati e
noly v E ST PRton b fhoRt  ARHhE Lo Riistation

md#rRgi stration mark is larger than the first
registration mark and is printed over the first
registration mark. Heating the substrate to dry the
i nsul at | ks [ ari i o
subst 1 I eeepfts Sl B008 sBEEAR s oo SRR ER kol Wimprising
an&lectredsihya)m inadgiontlayenywat at lesst org rédgentdeven redmpthod becording to the

screen. .In.ope epbodi nent .of the esent inyention, a.
pr?ﬁgw%ﬁnﬁ%w{ﬁdes b6 epel Brntngn cloi5ede 1ayss oo vt Fosiation mark.
Hégg}lgme%@s‘&aﬁqg dfy th€ EB@%OJE%IK R £HA sbileén ﬁ)l{gé %b@ﬁﬁe using

cent the first mar in a second print step.
the Airstregistrationgnark e Prinkingwar iksulatontlipey aipbassecomlwegisthratidnonark wherein

anera lens..on the subsirate,. An operator_.views the
saf BGER rePT mat B SRS e FreBR A R st over he
firbtBgistPaMOR hifuck. THEAR BhcPduBbtrAcid P thelillalaibh kik. 30thnifkesecond print
adjustnents to the registration of the two print

scege fisthe Tuhsirata psine therficst regisirabion magy Ryinting gt lepy oae regaent layer
. r of the card. In a further
tm%%%%%%ﬁ%%ﬁﬂgﬁgéﬁgLpresent i nvention, two special marks

are printed adjacent each row (0 to 9 along the
substrate) one fromeach of two adjacent print steps
(eg carbon to insulation, insulation to enzynme). This

gi ves ﬁ{bﬂe%ﬁ{b%aﬁﬁ% of @k gk@&ltﬁl%l n, b BfeciitbaR {s8Med on the

print to print. us, particular row, rather than a
substrate inafiri printjteranech sebomboak painted o twBubsiomM¢ aljaenghe first mark

. PCT/ GB2003/ 004663 BRI EF DESCRI PTI OF T NGS

in G PE F P FEECTE PP TR PSS PerBh e A ens on

th@abltr&él| Ah bbdraloRviehs thexRREVESSitionahdBrieatitl df¥kie two marks on the
under st andi ng of the features and advantages of the

capieess $he opargosanisenthgimarkssmd srakgiadingimsyts te fhepegistetiop of the two

0 ' i L pti t r
prboPfige? TRAB AL B pBRAER R R, bl B Gk i cud. Ina
fuithe ehdbvéinicndof the presdnt krivasiibn, twgspetial marks are printed adjacent each row
(0 to 9 along the substrate) one from each of two adjacent print steps (eg carbon to insulation,

insulation to enzyme). This gives an indication for the row of the match from print to print.

Thus, a particular row, rather than a card can be rejected if necessary.



acconpanyi ng drawi ngs of which: Figure 1 is a
schemati ¢ di agram depicting 8 sections of the web
wW@ri0anieegs process. Figure 2A is a schematic di BQr/&BR003/004663
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 2Cis a schematic
di agram depi cting a sixth and seventh sections of the
web printing process. Figure 3 is a schematic diagram
depicting a humd environnent around a fifth and sixth
sections of the web printing. Figure 4 is a bottom
view depicting a hum d environnment around a fifth and
sixth secti on%m@fl?ﬁ%cﬁ&fﬂ@ﬁ F THE DRAWINGS s a
perspective view of a pipe with perforations. Figure
6 is a schematic diagram depicting a flood cycle 8 WD
2004/ 040848 v EHi¢e2 O0BE Mdafion afel sgtifoeth Avitlspaaticdndiydi the
di agram depicting a print cycle Figure 8 is

[ a
apPE s iAdstahiulspiterdingoithe feafapeand adyaniagrsof the present
infHoBSwill Hel dhtifkedDy refeferte 16 TR b0 Win gfeégb&j BRIApHOPtHAL sets forth
ditfferent squeegee positions. Figure 10 1s a
illsgthettveteinbodinagtsain wibish ¢he pripciplecofdbe inymsiondirs tihizeal, and the
Figure.l1l is.an exploded view of a preconditioning
acg@grgaqmgﬁgawig}gﬁg?é&%fgl.i s an expl oded view of the first
drying zone (217). Figure 13 is an exploded view of a
second drying zone (224). Figure 14 is an expl oded
Figume\} isfa sghemhaticdliagrgmegpicting 8 segd®ps of theguabeprinting prapess.
expl oded view of a fourth drying zone (236). Figure
16 is an exploded view of a first cleaning unit (204).
FiEi@W/e s alstherhdtie dihgrami dpictB adiist 4hdsbeind @Bctiony 6f tHeGveb printing
carbon | ayer with proper registration. Figures
Pregas-18D are views of an insulation |ayer to carbon
| ayer with inproper registration when the artwork
resulting fromthe screen 301 is stretched. Figures
Figora- 21913 aagchenuatevdiagrbmatepichiag aahird) folrdhy and fifthcegtionn of the web

ayer with i roper
prgnt g process. prop

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

process.

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

sections of the web printing.

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

of the web printing.

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

Figure 6 is a schematic diagram depicting a flood cycle



regi stration when the art work fromscreen 301 has not

stretched. Figures 20A-20D are schenmatic di agrans
waelepuotiongy t he print results for operator regPCL/GBRI0GI004663

of the web using a first view guide for visua

i nspection during an initial registration process. 9

WO 2004/ 040948 PCT/ GB2003/ 004663 Figure 21A is an

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

view guides; first, second, third and fourth Y

reqi stration ks - X Lst.raLon marks. Figure
Fﬂg%§ il%gécr?grg§%?olgél‘§n€@%év&$%g¢1e rcgé\llkwi thin a sensor
sheet with a carbon X registration mark. Figure 21 C
Is an expl oded view of gne row w thin a senspor sheet
Figure 8 ana pohempiie liggram depiefing 7 diffegsnt ﬁ‘ﬂ%eﬁgfif\?é'ig%éoati ng a
carbon X registration mark. Figure 22 is a schematic
di agram of paranmeters X, Y, and 0 used to register the
Figtre 9ji¢ & sdhemgtip dingmesdepiiting 2 diffeBRESSRIcPIde@IdsTons.

| LLUSTRATI VE EMBODI MENTS OF THE | NVENTION Figure |
is a schematic diagram depicting 8 sections of the web

Pgmeﬁb 0 RHBHEESABEEH Sipidins® dch@nRh&S@BlanédIvent i on.

ection 1 is an unw nder unit 101. Section 2 is a pre-
conditioning station 102. Section 3 is a carbon print

tation 103. tion i s an.insul ati rint station
Fighic 183 Spidef e of s wRoGRIGIME AacfBLDR  on 105,
Section 6 is a second enzyne print station 106.
Section 7 is_a rewnder unit 107. Section 8 is a punch
Figige 12 s anygxplodgd vienoed the S6d deying oRe(24®)- 1 1 ed in the
art that while the follow ng description relates to a
process and apparatus concerning these 8 sections, the
Rigae 438 3s anekpiqied vidwisf ®fecohé dryiimysumiei(@2¥)can be
enbodied in greater or fewer nunbers of sections. For
exanple while 4 print stations are envisaged in this

I‘?\;\ﬁ}%gﬁ?@ﬁ exg%lﬁd QewDf £HRMd dingt8ht @39).coul d be used

parting fromthe stope of the invention. In
one enbodi nent there are a mninmmof two print

tati.gns for i,nting.ap electrode | and a reagent
Iﬁ%@@ﬂglfﬂlﬁﬂ%&%ﬁﬁgﬁYﬁgﬁﬁn%élﬁﬂQP%ﬁqggz%ﬁﬁinvention,
Section | may be inplenmented using a substrate
material unwind unit 101 such as, for exanple, a

Rigareilf is unovpierted vigyt ehadirs cloppipg anitf?Q4). i s avail abl e

fromMartin Automatic Inc. in Rockford,

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

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

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

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

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

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

registration process.



IL. In this enbodinent of the invention, Sections 2,

3, 4, 5 and 6, may be inplenmented 10 WO 2004/ 040948
wWEOAGBRA3/ 004663 using a nodi fi ed Kammann PPCTIGBR(03/004663

which is avail able from Wrner Kammann Maschi nef abri k

Grbh, nodel nunber 4.61.35, in Biinde, Germany. In

this enbodi nent of the invention, Section 2 may be

pre-conditioning unit 102. Pre-conditioning unit 102

may be used to precondition substrate 242 prior to

printing and sections 3, 4, 5 and 6 may be used to

screen print carbon, insulation, first enzyne and

%ﬁ@QﬂA AV EBmipIKSE LthSordheSWHAH 4 e and gocoRe Heb ew! guides; first,
y

I nclude rew nder unit 107 such as, for exanple, a
sédontlj third RedvfoudtbrY regittebion sasksiiand il regisirationvmaiksn
Automatic Inc. in Rockford, IL. Section 8 may i nclude
a punch 108 such as, for exanple, a Preco punch which
Figuray 88 iodl &plodedvRiveefonelRo@s®ithina seasoe sheet Kathsaartas X
model  nunber 2024-P-40T XYT CCD CE. Wile specific
reg@isfedtionafatlappar at us are nentioned, these pieces of
apparatus may be varied and/or replaced and/or
omtted altogether w thout departing fromthe scope of
Fifige 2@ é9dn explaaied vidw bf dree rondeithinacdndvy shded sithsioiihdudation X
inthe art. Figures 2A . 2B_and. 2C are schematic
TegisiEtiaRanak PYUICPAERGY CATREN FHCESBRIW BT ate 242 as it
passes through Sections 1-8 of a web printing process
according to the present invention. In one enbodi nent
Rigurt B2 id nschahatindiagtam offfaeanetersus el andiO wsad &t register Z2H2web
nmay. be a polyester nmaterial (trade nanme Melinex (r)
PONYRGPIOCHsi ch i s nmanufactured by DuPont Teijin Filns.
Substrate 242 is supplied in aroll of material, which
maybe, for exanple, nomnally 350 mcrons thick by
370METAHEDRRESARIPTION €S0 LUSTRAFIVE EMBOPIMENTS OF THE

di nensi ons of thickness a#g‘ﬁ%ﬂt&ngave been found to
r

be particularly suitable roducti on of
el ect r opfaard Cila sSREBAISEiRYrail Bdpictiaf 8&Rctivds B tikgweNprinting process
web of substrate. This is because of the requirenment .
apeprdingdo fgtnsesent inventioa. Septiesn 1 isgin mem@qrwglt;lg@- Section 2 is a pre-
i-nud o r i-cl eF . .
SRR 8% fon 105, 0488ch 5, ARAEA D AT (L T8 ot
print staticle 104, Bxction § ésa fiesd spined @irt\statibalbDe. SSGitdosatdiateecond

242 may i nc)Jude an acrylic coatjng . ljed tq.one or
BETHe Blipitatos lff’_ﬁp Sedien 1 agawggiesﬁmt Bl tiep %ﬂ%aa?nch 108. 1t
xgtﬁleJeﬁ{nﬁa@toH&w Rk skifed AHER admhshaiase %ﬁhﬁﬁ@&é&ﬁ?%ﬁn relates to

el evated tenperatures and tensions used during
ayrbcesp patgperaiscondémingtthesePseptiaseiie provessaddappatahis|of the

.pol yester. and indeed Melinex are the preferr .
iRt srood Tt o B o B IO Ton g while4
pint Slahi8is ABEBNitagtd iIC@Es dBbodiment, one or more print stations could be used
without departing from the scope of the invention. In one embodiment there are a

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

In one embodiment of the present invention, Section 1 may be implemented
using a substrate material unwind unit 101 such as, for example, a Martin
Unwinder/Automatic Splice which is available from Martin Automatic Inc. in Rockford,

IL. In this embodiment of the invention, Sections 2, 3, 4, 5 and 6, may be implemented

10



envi saged by those skilled in the art fromthe
description provided herein. |Indeed, anongst other
WO booagsno48/ari ati ons in material thickness, w dp¢iT/aBa003/004663
| ength can be envisaged, a larger wdth or length
of fering additional capacity for the production of
sensors and a variation in 11 WD 2004/ 040948
PCT/ GB2003/ 004663 nmaterial thickness in sone
ci rcunst ances ai ding the preconditioning, or
registration durin printing. In a Breferred

usipgha giogifind Fedmmpren Printee wthi¢hnis ameilable frpm) WernepKamoean g
rLho rj S ' sir i.S<,& : .
MBS S AP o1 Y55h Mty 8 b
o5thb $dvieation, Seclich 2 Bay Ge prd-bmnditigliaguniy102 Rradenditioning unit 102
significant tension to te:gy and ensyre that substr

2, e
may be wsgsioinsproaditinn APRRIAIeH WO ShBINERSARG SEF TS ufﬁ@nd 6 may
B e e it v ey
substraie U2 bctidy pimeglihguderewtimbes uoit 103 eethreasfop example, a Martin

m nial, .just t, ufficient tq drjve th b.thro .
R R R0 A B Ll 24
idclid® aRAth $0B&ich a8 abt HAmPIE, AT8EEo piithiviHitiPRvhilable from Preco

regi stration fromprint step to print step can occur

Preasysi hgnexenKansas asmbdel euniben 2024P 0d 6 ¥ HiGGI fiEh gWhile ppecific

h been introduced i di at el L or r 0t n
el Op AP et e Hset biecss O oRbreh syt eor
replRBd a8®6F dififtted hltdFtthds WithHon Bl €patttngR@h &k scbpe &f the invention as
enperature (t&gi cally 160 C) greater than any

wilb hpandarsiped by thespthiltdeindbeiditi ng the later printing

steps. In one preferred enbodi nent the substrate is
al so kept under tension (typically around 165N)
duri ng Fipines pAcI® and 2C ard sthemhp diapradesdtustratingitlee path of substrate
embodi nent, th conbi nat .on of preconditioni n
2t At H_@SSE%@E‘?%S&?%‘P% lhfgg% B P’Vé’_g URg BERCEY spfpudihe 10 the prosent
ir}@flﬁf’ﬁ.' 12bhe lethbBlinitnt 6Bk HhveatibRAthe Bt APHRY §6k duBStrate 242 may be
resultant product yield. In one enbodinment of the

aipnipester waterinbtede pimeMslinen RS DIL8) avkick s mawdactegd byiduPont

prsser . meMsbpend Pije _
Tolinitnay Subi O 780 is SBbliei b Bl SEEAARE wiing) BE, for example,
nSiplifiably 350 Hhidlons BRGKoyP30REm FARE afd S5Proxt660indA terddth. y Thise

G oup. Figure 2A is a_schematic di agram depictin
digpensioss of thagkpessand vgfth-haye bgenyoynd j beparfigplalynsutble for the

o AP0 B RREAET Y. i
betawsacithe mejuirethOdt fonthle udkearidlite bé rabubiofor itingsyat oxadipulable

arbgr 201, first splice ynit 202, and first . .
threugihthe apparatugand i su e éwé;& to ageqmuypdage P§u1bqbéq quantity of sensors

& RAHE tho BdRBss SoAinl LA allPHablR! Sulssdaf 1420k clalia bh @brylil 2oating

includes first cleaning unit 204, second splice unit
applEedith oot ot gsh sialles tp imprenst inki edlgsian Relyestenisp prefarked material
b206 . %eﬁ:ond %J Fapi 1 . .

ecause 1t behaves satistaciori ygat elevated temperatures and tensions used during the web
process according to the present invention. While polyester and indeed Melinex are the
preferred materials in one embodiment of the invention, the use of other materials can be
envisaged by those skilled in the art from the description provided herein. Indeed, amongst
other things, variations in material thickness, width and length can be envisaged, a larger

width or length offering additional capacity for the production of sensors and a variation in

11



unit 207, load cell 208, first print roller 209, first

drive roller 210 and first drier zone 211. In the
weedvadiemst of the invention illustrated i n Fi BCF/6B2083/004663

unwi nder unit 101 consists of, for exanple, a Martin

Unwi nder/ Automatic Splice which is used to facilitate

t he continuous novenent of substrate 242 into

pre-conditioning station 102 under a 12 WD 2004/ 040948

PCT/ GB2003/ 004663 tensi on of approxi mately 80N

Unwi nder unit 101 may include a first unw nd arbor 200
mategiahthécknessdnsomie sircemsances aitlingNbe prachpditionngrgyaegistaation during

pBortne Baciepry opodiisl FEIRE bRy i byl IF et carbon

pARNHAHBAOMB| YulseRd 242 dxpbsediit adkat dtailization process, by heating the
pre-conditi oning station 102 of section 2. Second

suhstwriscipde H8P “C oathoptpleingit yndercignifiennt tegpion lﬁ‘bgy rgd gnsure that
4
Sk TSP 0 i o

whife teinPgratur 6ol betwedni 140aud 160ihitytersiorsuipgo 165 & mayme
Thi s continuo rocess repeats fromf un ]
caBterh O A BB e s et Topimal. A i SN pGER to drive the
ugg{. HRURHIH RS vRver Qchas hR&Efoufd iR d8dpRE Thil G6ht s@BAAtion

rate 242 and’di spenses the stored substrate
pﬁﬂ:ﬁssi, martatipne icegiirationirog psintstep o mmt stefp @B ECEWTagsing sensor

ENC TN S RTNE SN TN —_.

WHI'BE eeplaika 'hel%%ﬂ@f] Gh &8 w&n&mg sﬂaﬁat(@écuaﬁ 1) BleQubstrate is heated
stationary). The pllce created is butt splice with

taa tmmatumf(wallael 60 2pkeerorterthan any tﬁm@raémetﬂr@cmterﬁ idgring the
Iagér i hnmrg tegﬁ.ylnlon re“;’erredt € l%o%ndﬁgﬂt%hg Hﬁ)s‘tr!it% 1S algo kept under tension

pr 0X prin substrat é my

(§bRrapy dﬁ‘ﬁn& 16508y dﬁir@&}mfpré&(bﬁdmsmnlg(s&p thl&ﬂ itithié edbodiment, the
arbor 200 _and second unwi_nd arbor 201 incl udes web

cemgmation gERreconskit @H%&\ﬁﬂd RipTemuRdsr drnsiomdes ersatly subicediihg

VAl s R ph Bl o R R SR bR, Tnone

einbobimient) of thet invention,| rDEst o@ubstmée 2402 are2pliced tﬁngihcrah either unwinder

t h chine. of t nvent set to_produ ..

oA R FoMaRG vt (DR relicEe abe 5 b frexBBEy ESH Stigine Flat

bagkmpérqaﬁe frbﬁﬁnteﬁ%e pagﬁ@r ggd,@t stations connected to
conti nuous supply of "ink, the nunber of rolls to be

used is not usually a problen1 However, for the two

CTTE BRI B ST g

prifipiag peotkss a&m&ﬁngab afetmbodihedeetihe b&sémriimnuoﬁ IndFlgﬁrc 2A,
to be used deternines the anount of. i Iace% on_the

sgetionelnis gnivgvindsr gk 1 O1. P nwindepynth] P hige %@@gar P00, Second
%:l ehifsPE lﬁﬁgg{&bi ahd %’rstaclc&ﬁﬁulgn FE@&‘ Inuisl A@ sERA 2 is pre-

roll’s efzyme ink are placed he’screen
cpnditioning Stdtenstodr PretonditioningiBfation mmchﬂesﬁrst cleargng unit 204,

second6sph<-:rep Wit 2(%1 Shich %%plcally 15 not used, inbound nip roller 206, second cleaning

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

In the embodiment of the invention illustrated in Figure 2A, unwinder unit 101
consists of, for example, a Martin Unwinder/Automatic Splice which is used to facilitate

the continuous movement of substrate 242 into pre-conditioning station 102 under a

12



needs to be kept in readiness for printing throughout

the print run to ensure consistent printing of enzyne
wo@n/04t9es whol e life of the print run. A wall PEEGB2@I/004663

pl aced about the screen in the enzynme print stations

to ensure that a sufficient anount of enzyne ink can

be added to the screen without requiring the screen to

be topped up during a run and also reducing the risk

of the enzyne ink overflow ng the screen and onto the

web substrate runnin belom1|t(hé%3 WO 2004/ 040948

tﬁ@m@zgmxm%s’?m pwindergdid Hapey Brcludge fgstaywyind arbor 200

nt i u
B Fra Y SRR B G A fbok BiEA sl feﬁé%%% p gandrel.
Filt idvaing aftRg 260 helds @rold bf subleatt materiah P42 and cortimuously feeds

prlnted (typically the print reg stratjpon toleran
4priato mresendiiowng satipn 107 9%5@%? éc Seeprdgmpang f&b%f 201

pr i nfsé%xtdﬂg Eocﬂ g’f sub8ire 951 | \Rseh 1shuntficaliPs Eﬂfdéd ttcr'ﬁle end of the roll of

uring Sach printing step.” Due to this
shbstmtetﬂ#?aﬁmintﬁastpmmaﬂdl arbor 20(kensuring a b@macontmndlmmlppllsmf substrate

rate. 242 to stretc r and
s e Ppors PP i Gt ERWAAPE3 I P GREcRd Siind arbor
200! RIsEhGRite hALAEChdchRulHEBD03 Siofd ajtd@bindied TeBpT silstrate 242
stageto prlnt Stage and prlnt run to prlnt run as

and |dispemsenitterstored bnéaspater%z rmtn pm-s@cthmg siniere tZcefapetion 2 while

tgnd hlg]ngr Ihg?r;k 3{?%{‘? ﬁrﬁ%%}letg %gé"gk@e‘g@c ? '@ﬂ}theﬁrst

inSvidd &b6r 20004Hdl deb Gl WBviad afboPPOTLER. sta%ﬁa@yz nldietspHéH dreated is a butt
occurs before aqpx image is printed onto

spliessvith e dengtypktnlise tapgop oitherside: Qfdhﬁmt%# thejqigg g @rder to
G %ﬁ&&i&lt ?p%[; ﬁfm@?iaﬂ o?gﬁné&g@a te Owégﬁ é#@&ﬁaﬁaspglde of the

SRCtions rocess an SOt
spHcs. Slixfmhnwmd@frbcmmmtandtseconﬂzﬁﬁmm abg2Edatindessw Glge guides

eekera uhEh S SRS R s R eRiro i EhE. Thf e ode svides are
bl tepiEPent sﬁ—yé@ﬂaft?iéiﬂﬁ"&ﬂ? l“fanaaisﬁgsasm RLRin4 L8 into HRASHIRR unit 202.

bet ween 150 and 180N nore typically around 165N.
However, in anot her enbodlnent pre-condi tioni ng

stati on,.102 ca hea frate 242 [ I
suffici gﬁ? al?y elinyeer{%)}l %ﬁ?u% tés%%ﬁgé‘#grgnenz and 10
A sdre abwliz42so0ll8 @ﬂkﬂbsﬁ@felaemy dné ﬁ&ﬂdz IFor tHvde prihtedistiods connected to a
as descri bed above. I n one enbodi ment of the

GORBHT GHPPIY R ink Biseromter pErofla R Reiveed ispasrsilied moplem. However,
PRSP SR R0 PR oy R i 3 g, e momber

afholisto bemsechm mrihq;di—tmnhpmfpatahmtqu éma thenemtier ofirolls hebe used

enperature to h . e
éete%x?nes the aInountW‘i}%rﬁ( placed on the screen prior to start of the printing process. For

example for a 6 roll run, 6 (or rather just more than 6) rolls worth of enzyme ink are placed
on the screen prior to the start of printing in each of sections 5 and 6. Thus, the enzyme ink
needs to be kept in readiness for printing throughout the print run to ensure consistent
printing of enzyme over the whole life of the print run. A wall has been placed about the
screen in the enzyme print stations to ensure that a sufficient amount of enzyme ink can

| be added to the screen without requiring the screen to be topped up during a run and also
reducing the risk of the enzyme ink overflowing the screen and onto the web substrate

running below it.)
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substrate 242 is heated in pre-conditioning station
102 is not nmet or exceeded during subsequent

woe@eesisg of substrate 242, including subseqee€niGB2003/004663
dryi ng steps. Subsequent print processes nay
conpensate for the slightly larger inage due to
stretching caused by the process of pre-conditioning
station 102 by the provision of a slightly |arger
stencil screen size (typically 750min the direction
of travel of the web). The provision of new screens
can be problematical. Qher paraneters can therefore
be vari
T e A S R P
tarisiom ozﬁapjmmhnatelpl 1a6Nrthrauighowd dhepocess Uit brdastotthaintain registration of

rel at eed of the screen. and.the
%@@fi @18& e priped étmcaﬁ thegrint f?&%%f@%fﬁ?cw 3Pge The

s fﬁs@%te VBik &sh ?ﬁbr]g ?de toCHRioRE t&%%?dﬁﬁ%g 8f Ee £b°C!dr 1ds8 in order to dry the

erefore prefe to preco Ion t substrate as
peiesdrinksdiring recnprisifigrstery Dixetodiis taision amddempératre, there may be a
el R piarate 3 o Rt Gt udhe R endy e ootequently foll
JuRYRTthe RiistBfin fA&Ggdhdd RiHeBd itRliAthEO fizd PiatoR Fronk gﬁhﬂ@a‘g% to print
addi tional elenents, which performfunctions,
sfage iahd pantaup koprnt ropes well @p within the pabt manitselfovas upprgdictable and

Locess a n the present invention. In
h%#&*ﬁ%ﬂ& ﬁﬁ%ﬁq ﬁgﬁﬁpt 102, there are two web cl eaning

units, a first cleaning unit 204 and a second cl eani ng

unit 207 which clean the top and undersi de of
subst r alnghggmbodimest OE:ﬂleafmen yoryiustratediingfiguiedo section 2 is a pre-

SN R TS ARG 5 3 o e
spbdtratd. rRyubstcae 242:1sr;8é-coh<ham1enlgo wedvce ﬂ%mmmt bﬁexﬁaﬁmon and stretch

W@&%@m@p@égﬁg@g}f tﬁ%}%ﬁg Eaﬁ{ﬁ% @Y %l til;‘ %.é tgg gfgg\??@au%r'}/l of substrate
24 Itﬁﬁqgﬁ%eegm 6 %%mlﬁéﬁﬁnéta@oﬂ%the%%b ei 28X Plefperature,

a cleaner comercially avaiTable from Te
which ismotiexdeedudriy the subsasueniqRint steph diypically thdetkesblacanhder

' [ 2 | oad [ 1, 208. ip_ .
sl ot it 150 3061 BN o6 Rty 2%ing B3R orEi in apaghor
e&éo%dnﬁéiogfetédnaﬂidmg i dneIRi @i hbalswhdiatd 74004 rétdelﬁp&ature sufficient
roller and_out bound nip roller 238). Inbound nip

to srMse thepreversitlgxiesich framsubsrate 242, again entignadly vglnlﬁmier tension
ak Qed B ggd&?c}vle 208. Substrate 242 is renoved from

second enzynme print station 106 in section 6 at a

constant rate by outbound nip roller 238. Load cel
208in§lct| rreas res the tensiqn of = subsirate

242 whe t?n,ﬁg thergyrpbionhe gghste @ied%g%%ed to approximately
1@9@%@8 ek@ndxﬁ@mﬁg 8611, WhYENS 1RRratb @ RPMBLL &Hum inFigure 11. As

6 adjusts its spéed in order to control
explagied mbeste, in one embodiment of the present invention, the temperature to which

substrate 242 is heated in pre-conditioning station 102 is not met or exceeded during
subsequent processing of substrate 242, including subsequent drying steps. Subsequent
print processes may compensate for the slightly larger image due to stretching caused by
the process of pre-conditioning station 102 by the provision of a slightly larger stencil
screen size (typically 750pm in the direction of travel of the web). The provision of new

screens can be problematical. Other parameters can therefore be varied at each print station
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predeterm ned set point. A typical substrate tension

in a web manufacturing process according to the
w@e@gomd4s nventi on woul d be approxi nmat el y 150NP¢DGB3@BI004663

and nore specifically 160N to 170N, in this

enbodi nent the tension is approxi matel y165N. Figure 2B

is a schematic di agram depi cting section 3, section 4

and section 5 of a web printing process according to

the present invention. In Figure 2B, section 3 is

carbon print station 103. Prior to printing (a
to cabmmn@ats y vhwationgn unsgeaﬁxzeethbw aenlagingthe seieen.vBelt # the relative

I t
spiYd Pibe sciog i e Y8 BebEisR e g §lipg i HRb dFimage sie
vatatib a0 03 NOAC SR modaed Ui idrdfore e feubleattnprédoadition the substrate

brush and vacuum station 251 and bottom brush ang1
amwmmm trducisg therverlk image sige daracasp grdyesylucing the ypgiation in
sh and. vacugn1stat|on 250, contacts the substrate
Sa? eg{z&n& "or to the chilled roller 212 and
accunul ator 213 and is the closest accessi bl e point

pri or to carbon printjng. The underS| de br
vacuumin §pgembedinsyt o égq]p'ggqrg ipyeptian, pre- F(()ﬁdétlomng &aﬁon 102 also

mk:ﬁgﬁgéjé\cﬁg@&%l a%&@ﬁtst\pﬁcﬁ %Qﬁ&ﬁl@ﬁ&cﬁ&é Shidhacilitate prope operation of
re-conditioning uni rbon print station
a WBB s facturing tpradesd dceolrdmg foghe pregent suxsotion. anquengpedifpning unit

213, second rol |l er first wvi ens
1G% ismmiomninoatponreaingsnis. § it sl LA Hgh Sbding uni
2§PHRI cfdah i Edp aRl LifderddSof dubstrhte Zeﬁbpﬂstmmr@ unichﬁEM and second
Invention illustrated in Figure 2B, section
cnemmg atit 307 psd tnckysadhesivmcoatat rollps e MmO p@ﬂm%a@tfa@m §hbstrate

i ncludes third h|| t

SritnlS 28 Prinbt St i sloRfink i Shbel Rir oot o eleaner
c&ﬁﬂx‘éﬁﬁalﬁr?&mla‘tﬂb fi5fn K(smewes toleetmeﬁso sl rmm‘t(en WAsmm)n Glasgow,

osition 237A, third drive roller_ 223 and secon

Umtﬁgmqggg@ 28240n4 pleaming vt 205, farSampie, § cleangr qoggnerclally available
r bl
ﬁ?ﬁé}‘ K c? PR el it ?ﬁﬁcshm@?e@& rfg{tﬁx&%éiﬁ@es dulll nﬁ; RUEFP06 and a.

‘udes er 225, fourth
leadesiiazbat hlboﬁﬁcﬁmpfroﬂwrmé ps et to cotra thetemsion pf wbstrate 242

(SPOPBOUORe SASERPEveRD o SRS Pt s Boelind T e 239).
TiHoufd nFP0Rerl Ry is ik Bk @%Sﬁﬁol%g&@mcthﬂgshbﬁ'ni flond e4E208.

I nvention, section 3 of th manuf act uri ng .process
Sibstuete242 s aethovedrrinm s¢aegd earseae prinietationfl 08 gusegEion g4t a constant

reﬁﬁh% gpt%gwa&) Sv 1%;2%9 ?)5 Q&ffOSSiﬂ éelcﬁgn b ?neta%ﬁe@f\’l/atg r’tel;rfggﬁx of

|ng processes can

sibstaRUI420aRari is ﬁﬂ)\ﬁﬁg)ﬂ&d@ theweb pioagss ﬂ@cﬂ)ﬁimgttb dlacigrssent
context. For exanple, car bon pr| r%o?ﬁ'x ¢ ‘

ijiestipwlctbeyndm relier 286 édwﬁs 36 Sphin ouder fofp e tension at 2

p@?ﬁte%k:%ﬁrn% @?tlr ﬁoéﬁl 9,.3 ical éu‘ﬁﬁ'{i(-ét@ 'tén‘éﬁ)'h ift Iﬂlv%'rﬁﬁmdfiﬂﬁnﬁff process

ed i nks may be used to provide an
accordmg to the present invention would be approximately 150N to 180N and more

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

Figure 2B is a schematic diagram depicting section 3, section 4 and section 5 of
a web printing process according to the present invention. In Figure 2B, section 3 is
carbon print station 103. Prior to printing (a cleaning system is installed (available from

Meech), which cleans the top side (print side) and underside of the substrate using a
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el ectrode layer in the el ectrochem cal sensors. The
i nsul ation and reagent |ayers nay also be varied in
WO b@in4asposi ti on, order of deposition, thi ckPE€BEBGI03/004663
deposition and |layout as well as in other paraneters
apparent to those skilled in the art fromthe
enbodi nrents 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- printi T asi c
vagiipand Rrasb T e Bt s ecer i in 203 af Borta bfash and
velliSth 280 bit JEseb Bhe Gno®Be The topbisH hddwHcahm station 250,

suitable print station according to the present

contactsthe swbsirateimaediately pgorierthacmlied miler 217 iand agqumudator 213 and

. 303 i nt | er. 600 f .bl. ad
IR Y -
staior 290 cdifists BE silstraR! ihpied®lyiaftes he Gtbktatd exits tigd presconditioning

16 WO 2004/ 040948 PCT/ GB2003/ 004663 . 214. Screen 301
unis10%: Gushen puintytafipn d 03 scduades dirst shilled dolfsy git 2eyepgnd accumulator

. 3 vi : o _

> E TR B R AR e a5 PGBl grie sone

2 Bnghdpiesdieichillddrroligt2 181 Tl thel emgb it entiof the iAverttion sllsstratpd in Figure
the flat screen may be . de d sl.ightly out qf  a .

218, sgetigrh FanByation ST Haten W (e pgeiatipy 104 inthudes third

: ‘ i . . .
ckgﬁflﬁg%}l@% %%9, :ﬁgﬁfacﬁﬁﬁuﬁa&? 290418 pRiht FlleS2 BN SedoRd vi¥didifdnsor 222,

to be used during the entire print run
fitss Yusgiatratjoncygiomi (hetcshown) htepasisiondt3 7AathindrdsivetreMer 238 and second

the prj and th ressure fromthe u eg.
arigt i g4 i Tped 28 Gl AL B Gy Rl BN 6 Firg sgevme
PN GtRioR108 ESctuded fFREGUNHRIAGEIIW 125, tdi@thpicestbtor 226, fourth print
i nvention, screen 301 is charged with ink 604 b

rolleu 23 thigLieign SoTBOE22%; Fersad Bl tagsstmlion systamhyat P37 ot shown),
889 arRTEA 955 an Pt lac PLLER0S, 10 [Tt direction
¢) | C?] onas to

corresp e Web novenent of substrate
242. Screen 301 is noved in second direction 607

opposite to first directjon 608, of substrat fo
the flJdBd BEQREPER Fagtp_ﬁﬁe Br@aeqtém@ﬁa?@éactm%ogfﬁ*ﬁ? 65
mafdfactufing deébs%qwﬁafe RoRprin¥ifk BkRE BRES SOF BnA&S 88 HANGS

w th the present Invention, as  illustrated in Figure
aphreciatod by dws684lled iartbé ant.ghe nkmberandiyprioffprinting precgsses can be

30 d onto .substrate 242 . .During the pri cycl e
viite el Jaiteron B G adm 46 SO o Ra Fef bagite, tvo
c@D6h pRNIS hmgrtierp&oﬁaud @lond QB niblré pFNe GvithcaBiRMORith metallic particles,
direction 607 which is opposite to the web npvenent
sibfer/silivesichlpride fnkoor ggld @rer@?la@@n asgghinkg may bejused to provide an
Lection. ' t: e
RS0 1 R RO R SRR ey may i
beuaiwidntiiocgiposiionpadeSdfideposiios phiskiessi obdepositioh kad kyout as
w%ﬁ ?é's inTQtL}Jlgr gal:'rlgrhqurs taggar 1£tI t(q t1:110% g{n‘fleé Pne th% %:gt eorr]n ﬁ‘l%lembodiments

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

o

manufactured in accordance with the present invention may be printed utilizing screen-
printing. The basic components of the carbon print station 103 are illustrated in Figures 6
and 7. In particular, a suitable print station according to the present invention includes a
screen 301, lower print roller 303, print roller 600, a flood blade 603, a squeegee holder
605 and a squeegee 606. In carbon print station 103, print roller 600 is second print roller

16



noves in the sanme direction as the web substrate at
the sane or very nearly the sane speed as the
wgaaisns@ie. The screen 301 is substantially flRCT/GB2V3/004663
at rest although in use it is pushed by the squeegee
606 towards the web becom ng slightly distorted as
this happens and substantially returning to it's
ori gi nal shape once the squeegee 606 is renoved. The
screen 301 then noves in the opposite direction to the
substrate as it is _reloaded with ink 604 ready for
21 eSarest 3Qris of genpeally flapsenstrupiion snd typically gurapies @ mesh arranged
SCr ' 1 he d . : [ I
R ERE A TR LAY Afonk Rkl ¢ Mo B 1M icaR, B s s abd pushed
tibughGt dengpriritingy At thedBagefthe fet svedenasay be deformes! slighktly out of a

rint station., This arrangenent. (the angle being. .
higbrea by fhearehico! ity i (85 5 Egreely g Highe enyine Hint steps in
@;L%Cdn[ %ﬁﬁé Ink t8HQUB ci’u?xﬁg% %gxt?% pribt TR QY Eally KepRlt&PSEthe screen

mthe screen onto t te inproving print
atibé istaittof dive privd 1Y) AMDHUROE4dsOrE0Re8 tRCXVEBZEABAIG0g 863nk through the
reproduci bility. The screen to substrate angl e,
n§ﬁ€@€@§g angl e, screen to squeegee di stance, squeegee
to print roller position, snap distance, relative
speeds of substrate and screen and squeegee pressure )
can al | Ineflapsieayclepreasss ingiccerdangspritlrihedreseat ingentiopayereen 301 is

rin finLtion_ and IS
BiraRhriE o & uBle sRRRLE O, Rod Rl B0 A faleP Bl gnd tower
phifit rolfe¥ 03] @i fiist diréetios 508 vhidh doatesiindd 1@ e, vieb4noveineint ofsubstrate
i ncorporated by reference herein, In particular, i

263 Bormemi0ts maved i FropnddineationioNt opRoisde fiFg fiipiiop 608 of
s&@sw%% %%th’g"hooﬁ)é 'u%e{’efinﬁﬁéx#‘ id %d%fcp&?ee'n@bl.' s
set rorth OW. nthrs o)

erein b e i ment of the

current invention, screen 301 is flooded with ink 604

prior to using squeegee.606 to. transfer t i nk 604 .

Fhr ough bR ERPr R 4 Qe R e i danss BT Py grition, as
IRRERRE iR FIRE % sqHERRS biEEaifers iHkSE04ahROuSH #hd Rrdei801 and onto
dried using, for exanple, hot air at 140C directed

subrtate 242 Dhringtthelpuutrcyelecthe Squdeges 60 fload blads A, prigtFoller 600,
. s i Chi : = h
R RBH Bt TS BLIS L s i Bl 4 o388\ weo

Vet 6 ubkrdt@42)SSeréon I0AiHMoved Innfirsbdigddtion 608 edhithecorresponds
but is not limted to, carbon with netalli

|1 :
t therweh mevenaqnt pEsybsirate 2 &1 the PRt cygls \ahqsglg%’zm is pushed through
sg%é% glﬁii ngrgﬂt &’%ﬁs@i&f&&%&&ﬁé’ S4 0 TilsRYRe tl’le,%ﬁ'f‘nttc 51{3 ﬁg:escreen 301

e present Invention, “prior
ne@veb dmnthe same idirgetipnaes dsswensubsirametiibatsainyg oatérymeahly thegame speed

SIS AR RSB B S Lol Sl
Pushcd BRI tRE SHREFASBUS thH S R wiebecodidh £ al gh¥ly 'd&@ded as this happens
and substantially returning to it’s original shape once the squeegee 606 is removed. The
screen 301 then moves in the opposite direction to the substrate as it is reloaded with ink
604 ready for the next print cycle. When the ink is loaded onto the screen 301 the weight
of the ink may ever so slightly bend the screen. The screen 301 is at an angle to the
direction of travel 608 of the web as it leaves the print station. This arrangement (the angle
being typically around 10 to 30 degrees and more specifically around 15 degrees)

improves ink release from the screen onto the substrate improving print definition and
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tenperature (around 18-21 C and typically 19.5 C +/ -

0.5 O. In one enbodi nent of the web manufacturing
w@e@aos®4@ccording to the present invention thePCHGBR@GH04663

of first chilled roller 212 is approximately 18C.

First chilled roller 212 may be cooled to an

appropriate tenperature using, for exanple, factory

chilled water at around 7C. The tenperature of the

roller can be controlled by controlling the flow rate

and/ or_ the tenperature of the factory chilled water
rsrrpé\wﬂ?lﬁ@/ pitherﬁﬂ@enm Gl i LA BEFNde SqusegeR distance,

Eée{gfi SHEPRtioh! ngﬁ?&aﬂc@ éélaﬁ\% nsgéaﬁ%@s&\g&&? SRFQREn and
uci ng t t enper at ure

squdEgte pbsuﬂ@naﬂ&emaamba:omtmi gnd hptimieaﬂmrremﬂtm puit definition and

suhstrate 242 i a genef ause 9 er .. bed i

PBIENYAGIsS 2 FER e lm 1 ST PR ipg peghapishy isglgscribed in

thHR dREA1SR RSusHUK Retchf b DIs BSi ARfkh 1§fn%@1tﬁoﬁﬂed3ﬂ))gféf&eﬁd% herein.

the mesh. The use of chilled rollers in a we

manuf acturing process 18 V\D 2004/ 040948

T A A S n s

1eCdT al shitahle Shrbah Qﬂ&é Zet forkiHeletbdl@Q) Thr thid dibodiment of the
probl ens and the need to nodify the process on the

qupspnt igvedieperrseands 0 ds fleeded Witk &R pripptajgsing squeegee 606 to
l,l,ed
con??o Ied60%§§% 8%%&5@%% %@ %!Fgngﬁgghﬁégﬁgﬁonaﬁwoﬂ(
ddpesited penbdtrate2 4 1stt]|1m drh:d lusiagd, fopekanplayiebt airan 4@51Cl diregted onto
erature QO her net hqeds, of chillin

h flo
thrgriniey g@ff@e@yﬁbw stgaly Pung fyr s5Par4ie 1R banis ity the dirst drier
Z'HnEZIH M dnS iRERAEH FeRlose ARALHIMBeROr ein, for

exanple, electrically povveredrefrlgeratlon units. In
a process according to the present invention, section

4 of the web nmanufacturing process is where

Suitablednk for qse 1m¢a'rbtg1 pmkesmtlpﬂl awhnde] butdendti lonitel toj taebon with

il R koSt Shves chlange eafl FRph@alrutesSE fhdhdtivprintable

foRs.Printed utilizing screen-printing utilizing a
generally flat screen. The basic conponents of the
i nsul ation print station 104 are illustrated in

Fi gures n I n Jd el ui t.ab |

stat | onké?:lgeor bOd f %Fsegeﬁve&ho\?eml%{?etpg Ewng Process
adrieetediddy aﬁélodwrngpgub@&até 042 Brpasédd,ovef h fitst chillle@ olR0012 which is
a flood blade 603, g eegee hol der 605 and a

igaed)torapighy cqoh svbm# &apfqdﬁtengtn@fl iteyAPeraare, Bipigeily room
h E)leﬁfurg Qo 18251 & Rid Vﬁ]ﬁﬁl{f*ifg °@410.4% r?s 15'089 gmﬁé’(ﬁ{n%nt of the

cess I'n accordance e present entl
weby memuf3diring procbsaragestding tidn themres@ﬁﬁhnbgnﬁm%a g:rﬁma effimechilled

roﬁer 21f2I iS ggprgm%ja?elgqg"c.pﬁllrsrt] tch1 le(E (ﬁ{er g?g mayl?) cogl\gﬁ r’(o an appropriate

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

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

creating blocks in the mesh. The use of chilled rollers in a web manufacturing process
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print roller 303, in first direction 608 which

corresponds to the web novenent of substrate 242.
w@ereomodd1l i s noved in second direction 607 OPEDEBR@3/004663

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. Durin% the print cycle, the
asepuding tethe esert|invantion avelsebeanelipial broapssiif redugrgdhe amepnt of

oQWet I Nt e 03 Ve J ' [

S i pete el el P bt SR e E5oBfly the process
oﬁ%%ﬁi@nﬁ{éﬂsat@ﬁﬁ@ﬁéh Sblehss. noved in first direction

608 ich corresponds to the web novenent of

substrate 242 for the print cycle where ink 604 is

pushed :

St oon BgTeabodhitn e HcAs B ic e S RRdiled
deninidhlieby a 6dedbivk lscp measupinighé teopperabub afitherchilked roller and

descr.i bed in re detail in_jssu nt .4, 245 55
cRRFGIg Geig oy sty (ubErrpalsRRBiRE i i ppebe
ehbﬁﬁgea%gme REF1RY il he a8t drh Shd¥rhbUdiientd dERABEPhdr¥inf forlexample,
screen has a conponent of its notion which is in the
chmirically pewtred mefeigeration apips: oxi mat el y t he sane speed as

the substrate. Typically in each of the print

stations, the substantially flat screen is at an acute

angl e (R d probdsgHERrihg kOthlepResehtinvention, R6tiéhe of theard
and substrate nove away froma_printing position

nianifactwing paoqsss Wtwhest inslaboopriniing takps@lay. Inggolipn d, thedosulation
rel at S . '

P YR SR B SO

ihveaNieh Iis lﬁﬁntéchﬁﬂ&iﬂ%dc_r@hq;riﬂrt]ing ;ltitiﬁiﬁg X-giherelty flarscreBheThe basic
stenci| screen used in each of the print.stations

copmorents 9f the isplapign grintstatjonsh aé%ﬁll"gtf%} B’rséfﬁmeé and 7. In

pgﬂ?kc)ﬁ?,t a%ui%le&ﬁﬁ?étaﬁ';%?&c&(ﬁﬁé foBLpREht &lveRGhERchideda screen 301,
rigrd frane. e enbo

di ment” uses a pol yester screen
lewpippring dolley 30%;privtiodlen 609, a flpgdridadern03UKsquERgee hobdsy 60§ and a

SRS R RR SRR Nt TRE AP DB RO 22

| i ght source, devel oped and dried so that the coating
dries on the screen to forma negative of the desired .
ar t wor kI avfleed cygie progess impesorstanee With disguesent jention, screen 301 is

.

pritk réller B0 iss Gkt diradtinn 608hehitli esrecspomisita & wetnmavemart of substrate
mounti ng_the nmesh,., and w thstandi ng the forces .

348p osesgn B! ismo in sexd SresiPn it PIRPRIHA R iegian 695 of
RBGhrate 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
iltustrated 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
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with standing the additional forces produced during

printing. In particular, in insulation print station
wQQeb4/08¢9e8 i Nk i n question is an insulation i NRCT/AB2003/004663

exanpl e of a suitable insulation ink is set forth

herein below. In this enbodi nent of the current

i nvention, screen 301 is flooded with ink 604 prior to

usi ng squeegee 606 to transfer ink 604 through the

screen and onto substrate 242. The printed insulation

artwork deposited on substrate 242 is then dried

serepm@0] pust depreitngiom subgtate?12.apng gpbodimericatdhe s Prinfiag
ngﬁ{ch%gﬁ it;ﬂ&e% l.ﬂlfnr)]drg ggtgﬁ gﬁ ggrstl'i‘ée(fU Yk o ] %gﬁg Sﬁv@ﬂ%ﬁﬁﬁncorporated
byhbﬁﬁimahaﬁumn nore detail in Figure 13. An exanple of

a suitable ink for wuse in insulation print station in

a web manufacturing process according to the present

20 WO 2 SBE A4E Bntirl g SHekOH fiek screen h

Er con E%%é%%gﬂ%et Bl %ﬁ&?énsu aggr gl}ywhl cm Screen s
cpmpohes edits motion MS ir} the saing dm@wmmd at m@xmratqlhéme same

i nvent art registered to the .
sheBhERalsTE TRbEAD & afP blmeSrnf SrihG: B Rl fatsorcen s
2B Al adth@anglél (A ﬁpﬁg&e 6§ frthe Sebdtiat asmiuré&)ana shibstrateove away
the techni ques described herein. Qther types of

froma mantl@g]pq»sltﬂ@n{aslment aring padler 360 in figure 6) uYieingttboelative speed
[
o? ih eesu§§§at r‘i f:ljlg g%éhe \tzeg'ﬁas eér SeIE% 8{@]15 Equrétgg ?Iﬁ%ée?]%x tﬁ’@dl{ectlon of travel
oftigtedubstedte, lidyhe X-daectioa. used to provide a different
order of layers and therefore different construction
in the el ectrochem cal sensors produced In one
enbodi Mt oof it slaf‘eeﬁ Sl eakh \5? %t stg’t%ng rtfpy&eﬁgr consists of a
i nsul ation print process an
relilyémly, deﬁnrhmb]eambfewor sted noeth rsgeqohev&mﬂchttadrdddn aalgnki frame. One

epdiolispens BepsoLyreIoc e Giheioq by Pigs Mighits) Weyiouth, UK. The

no4ASS EGHiR1 willda UV Senbitiod Rb&aTHE ARn CEATREN tﬁhbbhﬁl hxﬂungﬂsitwe the
roomtenperature garound 17-21 C and [\; pi cal | 5

seyeen @ & pgyed tp A oA gbtrﬁ@@tnenéwelqwd ahdzd Cﬁhmha eealingslgies on the
B SRR S ORI PO PR 0 e, e

pagyed ehrotgh ﬂie)()p&rBﬁeasT off thel stehicil h:ﬁrloﬂt@ tHessibstiabe @Mn@ & positive image
cooled to_ an propr| at eﬁ%nperatur usi ng, for

f@%ﬁfﬁpb}étheﬂr&%% spbstpied The frepeproy %@rfaeareof ROyaEng te mesh,
anf SyiltS ARG Wﬁr&% yé%aﬁog%@s@e‘%%ene sHYifbL Ainh 08 difi6rtion and

terrperatur of su ate 42 1s I Cla ecause

witho$tending ﬁn‘;aédlabnﬂléercesaﬂmdesedtdmngrpubﬁbg.l ity of ink

drying on the screens and creating blocks in the
mesh. The use of chilled rollers in a web

manuf actdipdrichl ! RGASHatRACRIRIsBEoh 204, iBe AkS8 Béstion is an insulation
invention is al so beneficial because it reduces the

inlrpAntexahplstof asuitpbleingulption inkds set forth herein below. In this embodiment
of the current invention, screen 301 is flooded with ink 604 prior to using squeegee 606 to

transfer ink 604 through the screen and onto substrate 242. The printed insulation artwork
deposited on substrate 242 is then dried using, for example, hot air at 140°C directed onto
the printed surface of the substrate using four separate drying banks within second drier
zone 224, which is illustrated in more detail in Figure 13. An example of a suitable ink for

use in insulation print station in a web manufacturing process according to the present
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reduci ng regi stration problens and the need to nodify
the process on the fly to conpensate for such
w@e@blogryss | n a process according to the presePCT/GB2003/004663
i nvention, section 5 of the web nanufacturing process
IS where the first enzyne printing takes place. In
section 5, the enzyne ink artwork for the
el ectrochem cal sensors manufactured in accordance
with the present invention is printed utilizing

screen-printing and a novable generally flat screen as
invenrtisinris Bedanr k6 1 8<d pilpdBlackr nsulaxer lnk ydhigfomay be pechasgd from

fir enzyne print station 1 a i t. |
Erepfuings beomgte i i ypton’ Ifuloibh LA F oedred to the
ca¥bdt ArBRorkGA X Adtettion! (BRnERIBS@Athiné)nd lié Yidirection/(dasssthe

screen 301, lower print roller 303, print roller 600
mgchine)ouilizingdhe Bubniqaes descrjipd pgtran- 0@y fypes of insulation ink may be

RCT/ / .
oGTASRSARRE 0045500 SPAFERPELBEL . 00un0d eonp s
Fe@iermose differdnblagers ot differém or®29 of lapera cénl boused yepwvide a different

process in accordance with the present i nventi.on,
owder eAYers tnd Gieretprs Aiderenh PRSTHIEOR A T leroPhpicH] sesgisaproduced

606, flood bl ade 603, print roller-600, and | ower

print roller 303, in first direction 608 which )

cor r esfonds embodinenheftherpresemrinvention, isfone shesinsydatfon printing

S 301 | d ] d direction 607 it
PRRges and ANy BHcTaunErSBRLE PAfdn g BrinER g a0
irS¥1ali6n PRRISS, ifasf@bviesthilahdRd roNéR 1964 1EemisHRdignédtodapidly cool

subsequent print cycle process in accordance wth the o
sybstraler?d2ito ¢ @radetsrningd teopperatyre typisally rpom tgmpsrature (around 17-21°C

sgueegge GBI bey S .
SSFBEARS 19361205 L ol Ol A DERHEIA 58, S5 EEEHlproces
a&QtiiRg REthe Pheseitl invuhtibh atle s@lie tanperhturedf the thixdQhilledmoller is

| ower print roller 3&3 al| npove ig second direction

|
apmoxifell 18 C-oppkshiled oleneI2mey betofid i angppropriate temperature
u%gg%mt%aﬁnﬁé%ac@gg cﬁgfsbdgf%teﬂt ﬁ aFBAG°EN Rfeﬂﬁc"rﬁgo ?k: h&hpdrre of

corre e web novenent
suhsihrster242 end adirtainirtgthe fenipreratuneaifsubdtrate242rik begiciabbecause cooler

ushed t hrpugh. scre 30 d .deposi t ed on substr at .
paTesss R RGO HanE O UBE O T SAD: M RAREQTycls in the
nleSh. CBRGIsk BE Ehilled FoMeR ifl Atvidt mhufh&6HREpldSeR ab@ding to the present

4,245,554 which is incorporated by reference herein.

invientien isiabsel kenefidial bepause ilgrdyaes theranpqung phstreeh ingubstiatee?42,
LTS o B R M e RATRL, : p compenst
farsholdproblims. of the current invention, screen 301 is

flooded with ink 604 prior to using squeegee 606 to

In a process according to the present invention, section 5 of the web

manufacturing process is where the first enzyme printing takes place. In section 5, the
enzyme ink artwork for the electrochemical sensors manufactured in accordance with the
present invention is printed utilizing screen-printing and a movable generally flat screen as
herein before described. The basic components of the first enzyme print station 105 are
illustrated in Figures 6 and 7. In particular, a suitable print station according to the present

invention includes a screen 301, lower print roller 303, print roller 600, a flood blade 603, a
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transfer the ink 604 through the screen and onto

substrate 242. The printed enzyne artwork deposited on
wGaegsmse 242 is then dried using, for exanplBCT/B82003/004663

air at 50C directed onto the printed surface of the

substrate using two separate drying banks within the

third drier zone230, which is illustrated in nore

detail in Figure 14. An exanple of a suitable ink for

use in first enzyme print station 105 in a web

manuf acturi ng process according to the present .
squaegsnthiolster 685 sntharsquezges G0§. Falbrs epzynreprint sfation Ofyprint roller 600
. YO}_ﬁ{% 9412 RGI/ GB2003/ 004663 G ucose Oxi dase Bi ozyne

ISIOWE BPYPEE “f't - sodi um Gitrate Fisher Scientific

Ctric Acid Fisher Scientific Poly Vinyl Al cohol

Sigma Aldrich Hydroxyethylcellulaose (Nat 250 Q). .

Honeywan k flged ceeleiprogssinpeserdanceyit) tﬁlﬁ@r?%trl}l%fﬁl)ﬂon’ screen 301 1s

BB oo T 3TRHD B DRI Sl g, o ower
pﬁﬁtgollﬁﬂmfa sinl fusl directian 60EwhichrabriespbndPYFHe weBPnGemsahyf substrate
Lt Anal ar. Wat er,

_BDH Merck L i
2SR s FIRVEH GROPGAES oY DRSO BF BIFFcn pg8 of
s%%&t%_%ga 6 fle FIGHE i AL Hh¥redhik 804 4 haftdd ohltescideR 0L At €

including printed carbon and insul ati on
patterns, is passed over fourth chilled roller 225

whi ch i.s designed to,rapidl y cool substrat 4 . .

pr edet e[PﬁiSHE%e%P@%;?&nngf{feeprt%ﬁS&% P %lg?n%tl @n%%?%?e&?gl%nhon’ as
ifRtrNedth Ribul7, Gqadtdee b0PiraRkdry ink%0a throbgh tHe sordep 301 hind onto

one enbodinent of the web manufacturing process

sehstratedia g Dusing tke printsyple, tha vererem09G: dloed plade 03, print roller 600,
fourth chil r 5 ' . .
ShHRoSH PIEES b B3k PR B S Bt
nRRBmeRy dfatibstiaenPeY. Bdiéen 308 linmovédin fiskdinglien 60 whmhycorresponds
chilled water aj around 7C. Redycing the te ratur
tfhegiphdnovamenb gbsubgiipfe p? %réﬁﬁm Dl ‘%ﬁaﬁ%&ﬂﬁp ed through
sGEOSi 0134 dg:égsi‘ceﬁ heRBltAd 842 LOEALRBoERRNESS the screen printing

t enper at ur .
mechanism is described in more detail in issued US patent 4,245,554 which is incorporated

by reference herein.

In particular, in first enzyme print station 105, the ink in question is an enzyme
ink. An example of a suitable enzyme ink is set forth herein below. In this embodiment
of the current invention, screen 301 is flooded with ink 604 prior to using squeegee 606 to
transfer the ink 604 through the screen and onto substrate 242. The printed enzyme
artwork deposited on substrate 242 is then dried using, for example, hot air at 50°C directed
onto the printed surface of the substrate using two separate drying banks within the third
drier zone230, which is illustrated in more detail in Figure 14. An example of a suitable
ink for use in first enzyme print station 105 in a web manufacturing process according to

the present invention as summarized in Table 2.

Table 2.
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reduces the probability of ink drying on the screens
and creating blocks in the nmesh. The wuse of chilled
WO loer®48 N a web manuf acturi ng process accor dPeGB003/004663
the present invention is also beneficial because it
reduces the anmount of stretch in substrate 242,
reducing registration problens and the need to nodify
the process on the fly to conpensate for such
‘probl ems. Additionally, due to the high water content
of the enzynme ink and the airflow due to_the novenent
ofGluense Oxidagq, it is crucial to endHPBRHLEbArperighzyme
I RK. doe &m?ry into the screen. gt kelatifive flow
of "alr encountered by the noving screen dries the ink
OICitrie3AM® 2004/ 040948 PCT/ GB2003/ 0(€88Scichifiscr een in
a_manner not nornmally observed in f].at ?gg.ifreen
prhiokt ¥inyl AdGokRl as Thiene flat bed PEPACEIESE since the

S j ve within ' anl i ke
t(l;ﬁe}%% (E)kn))gs nteﬁ}l%\%gﬁﬁ&?r?p r@s wel | as I?(;hlgy{gﬁ?lglhggt?ﬂol | er
alleviating this by ensuring the sUBRHMewkilsID cool ed

to around 18C before it encounters g.he_e .
screen-printing step, the screen ﬁ%ﬁ@%ﬁﬂéﬁgECQWQVﬁECQ’UK‘
| THotdsSinftHExah6n@WIING Printing. Néldiaseahasts INIUK
hum dification is substantially continuous. There nmay
b€ dpeQ Astifoander si de and/ or si de SRPHAerck Ltd

hym.di.fi cati on and i ndeed all thre i ded.

Aﬁﬂ%P?Lngenent of pipes provides aqﬂggégfgﬁ |a]P§

canergmt stream of humidified air dSe\Gompelydwdand

si deways onto the screen respectively, eniuri ng the
ar¥eent of the ink, is maint aBlﬂééMﬁ’fc ddonst ant

| evel . A suitable arrangenment for providing topside,

under si de and/ or side screen humdification according

t o t he Jrasentbodimentof tre present nvettiont efterithe Misglatiess pi3gting process

4 and 5. The, anpunt and r ement.. of hum dificati.on. ..
o ety i BE Stheftals g NEHB B g or g ibstlation
HRB88Gs pasSEPHEs ot @hilfed rél%E 225 RMichiiB ﬁéﬁgl&lﬁb r&)fidly cool substrate
hum dification required, the water content of the

243k a predetstmingil tgmpareturestypispliy wom smperadirs (arowh TR} °C and
L als) £t i ,
bR RIS, MYl BB 8 el Spbduthcng pocess

#tortiidg i thePredet in@entidnthe Sirfe of fourihechiitudaeler?®$ it bgproximately
e§Eosure of the screen to theﬁiurrounding

niewrth ehilled rolley 223 may he colphinAnAPRToPAIal; (gEpsEature using, for

e . .
GG B0y Be? St ST ROheR OB s 20
and medmtaigirg the) tamperattresif@ubstratd 242sis beweafi cizh bkcasnel cdaderttbmperatures

N N R AR R X -

se 8ecHili@ioBlet)in a web manufacturing process according to the present invention is

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

problems.
Additionally, due to the high water content of the enzyme ink and the airflow

due to the movement of the screen, it is crucial to ensure that the enzyme ink does not dry

into the screen. The relative flow of air encountered by the moving screen dries the ink on
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Typically all the enzynme ink required for that print
run is placed on the screen at or prior to the start
wW@bRootlogoops i Nt run. Since the enzyne ink i s conpOFeB2@B/004663

a large part of water (typically between 55 and 65%

by wei ght, nore typically around 60 % by weight, the

ink is prone to drying out over the lifetine of the

run. This risk can be alleviated by providing

hum di fication around the screen | oaded with enzyne

ink. Alternatively or nore Qsg/plcall in addition the .
the sérsen tamerner bet nomnplly @bgsryest indflat betbwsuerndyriniggs (yweh as Thieme

O PP e RSB e R nt AL B ki, Bl e
pre§ul afvahticre A w&lﬁl 8s the bﬁﬂleﬁtr&llehr&ﬂlemaﬁmg)ﬂ]hﬂﬁy énsuhng thesssbstrate is
than or ual to the tenperature of the ro
@roundHs’¢ bﬁﬁg@ﬁ %?Wnéﬁ“ th?@n@a)agwgqnem@wmp the screen

{ dificati
R S T VRSV s i
isBabstintially c@gtindbus® Oﬂﬁré)ﬂﬁ@'ét& Pl cBanReYidD 46d/8r silé serhen

t enper ature, of t ubstraefal el ow this .t
s arRaR Phindss] TLEHS TP PhEroviiils ArAEnEBRaH R Ry provides

S&Qgﬂﬁcfﬂ gdn@ﬁn@%éaﬁ%ﬁﬂﬁ&"ﬁfed BfriaBbvé, B&oweﬁﬂ%?de&lalyy offd)the screen
ent print run wth water soI ubl e i nk such as

respecyuvely; ensuriGoie rvmterccbntehéO%fbbslﬂ? i maintaiedrad e gorstantfeyel. A

le b he .l
oSS B TR
aRbtdihg fote pfé@éﬁt i®lenfbn {sSPSFAELInFi@lreaB\0f £1d 3. T amount and

passing over chilled rollers 212, 219, 225, and 231
arangemsot efdwmigdificaténm means (ﬁ@l@uyﬂ%pmggﬁgmglﬁp% air)will depend,

f eed k |
apGREY oy B Flon (A di Sutiifficd R R e Fater content of the
mﬂmlﬁﬁm aidtemparadﬁe) of tlre\/yunomrdmg gjt, thateniperataremif the substrate

hum di t to control., the temperature of.the.c
ag  RPRIO3C ﬁﬁletell?éyl?%ﬁﬁ’étrsé%tﬁﬂ"e th feperatis oot ?Bﬂ%tsmh?’ the size of

tHeGRYRR ahd ﬁ].e KBbsuRl oBRE sGRE! RARS BF R3] uhhiRhidifed air). In one
station. Figure 2Cis a schematic diagram depicting
embadinent $pipad04 eanpising 0né opmMERETOWS |of gohcm @Ofbd@ws%humldlﬁed air
accor di to . the present inyvention
a8tk 6 819 s e sorme AR e Spokd & e iEeet Bacls an forth
Pgﬁﬁ YH8? sREWRtabbi@dido tAO6péraet side sf fhemidthiikideliest Hualitlidfied air
31, fifth accunulator 232, fifth print roller 233,

fipwsr 309 andS0@fsesdigser 4234, fifth drive roller 235,

fifth drier zone 236, Y registration system 237 and

out bound nip roller 238. In the enbodiment of the

i nvent i Dypi¢dillyulitthatrenyniennkirgmired 26, thatgeint om i¥ plased on the screen at
rewi nder unit _10 Rewi pder_unit 107 incl udes

o5 prer torihe St Al SiPonS: SHRsedhe PRI FORERTEN af plaree part of

wilke W Picall§ YetideR5H Bhd 895% by weight, more typically around 60 % by weight,
the ink is prone to drying out over the lifetime of the run. This risk can be alleviated by

providing humidification around the screen loaded with enzyme ink. Alternatively or more
typically in addition the substrate can be chilled prior to encountering the enzyme (or
indeed any) print station by the use of chilled rollers as herein described. Typically the
temperature of the substrate is controlled to be less than or equal to the temperature of the
room. However, the temperature of the substrate is kept above the dew point for the

atmosphere in the room. If the room is at 60% humidity then the dew point may be 15 °C.
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In a process according to the present invention,
section 6 of the web manufacturing process is where
w0 b@4sewand enzyne printing takes place. | n seRCT/OB2@3/004663

the enzynme ink artwork for the el ectrochem ca

sensors manufactured in accordance with the present
invention is printed utilizing screen-printing. The

pur pose of applying 2 coatings of the enzynme ink is

to ensure conpl ete coverage of the carbon el ectrodes

and so that the electrodes are substantially even and
If thedergpergimrejal theyprbshyate; fallcplow ilaip thenggondprsatiar egmoccur on the

. . r .
SR B BT, L S s
prite eurthvith wiacer sbleblerisis suvh asreugyrhe tit. Control &€ shessubsitR€ femperature,
301, | r print raller 303, print roller 600, a
foy Sesmnie f&ve@egl,e hamigsqq;{;%@%erﬂmra@fe eRrRPLR By dhsgefore be
B PSROCna AP S Ged R Bl ek ve
chiliedGalles 21201466225, andi23 1 savhpostaitén pomiodling substrate temperature. A

ST b 0 kLB S b
rBlaB €108 roddh teMipefAlire@hd P Qev\x%ﬁﬂlt (GVEH the Pbdihts Hi]ﬁﬁ&liﬁ}’) to control
i

303, in first direction 608 ch corresponds to the

the temmasvadvre o therchillgdaplers end thedemperpisgof3ne sibstatewasdt leaves the
0 ' i jte to first direction 608
rgﬁgrsa@gggblg)?gﬁef%ge%%?p eS?%Otgbd cycle where ink 604 is

charged onto screen 301. In a subsequent print cycle
process_in accordance with the_ present invention,

i |1 ust r Bigdge 2qiss ﬁjb?léat‘?? d@w%g@@t@g@eqmm@cﬁqﬂ%s of 2 web
rte B RN kD0 SRRt AR, 0 TR PAE R g ocona

efi@@ne printdtationl 106r S6GMd enapde lpanestatpm 106 inchdesrfifi0GhiA¢d roller
ve.in second dj.r i on, 607 jch i.s opposite e, .
7\%&) ﬁhﬁ_@fé’ﬁf&ﬁin%gzs ﬁﬁfgﬁm Pl 355, ElsEr B pereer s it drive roller
2351 fifth die£onk 296,60 Fepidiatibn SHER I8P BAS outhSurdd18p Y6 IRr 238. In the
novenment of substrate 242 for the &ryl;nt cycl e where

eedgoentiof theusyration Hiustrated in Figve2Gotctiond/ epwiidesenib07.

] t.of cree rintin
rRUARA TR 16 Bopt S oA B 2 S P By 8 secona
rpwindrirbat, 2245, 554 which is incorporated by reference
herein. In particular, in second enzynme print station
106, the ink in question is an enzynme ink. In this
enbodi i 4 - SC '

1 ooded i PRosRpCe il Eoine PGt obhicht 8t 8oL cSyep
manfacheing precdssis vadte thersecyid enapgme pristiug takek giateo In section 6, the

egﬁ)ﬂ:gs ub S%: ]r,xgct aztv%)i 'f?r-slt-ﬂ?e ﬁlg{z]tlr%glbc%ﬂ é%/nfrqream %atn\ll\l?arcléurg(f Rnoa%icgr%gnc%nwiﬂl the

present invention is printed utilizing screen-printing. The purpose of applying 2 coatings

of the enzyme ink is to ensure complete coverage of the carbon electrodes and so that the
electrodes are substantially even and free of voids. The basic components of the second
enzyme print station 106 are illustrated in Figures 6 and 7. In particular, a suitable print
station according to the present invention includes a screen 301, lower print roller 303,
print roller 600, a flood blade 603, a squeegee holder 605 and a squeegee 606. In second
enzyme print station 106, print roller 600 is fifth print roller 233.
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for exanple, hot air at 50C directed onto the printed

surface of the substrate using two separate drying
wharks408g hin a fourth drier zone 236, which iBCT/GB2003/004663

illustrated in nore detail in Figure 15. An exanple

of a suitable ink for use in second enzyne print

station 106 is the sanme as the enzyne ink used in

first enzyme print station which is described in

af orementioned Table 2. In one enbodi nent of the

present invention, after the second enzynme printing

pr oc es Snarftbadnmyelti mo@qsylnaefcs@dmmewﬁgthetpﬁ@se@,ﬁm%ﬁtm@ﬂescreen 301is

PR B AP LTSS 85800, Ao M 605 AP AEPG4G ower
piihi olled 303, defits BRébtion 608 Wlﬁﬂhyco@mﬂ)orﬁis b@theatsb Ré@nient af substrate
redeterm ned tenperature, In one enbaqdi of  t

24%b8¢ram$%rslmwg inpesond dirertion 69/ greiedts f%S disetion 608 of

sy R0} B8 RN TR Pl ot &5 ot o el
18C. Fifth chilled roller 231 may be cooled to an
P 1 1 oo 19 BrooRs 0 BF B R 8 o giesn fyntion, as

sy ateRss B ?As%uéé'g@e 586 RS Hk d028hiRBRYAIcHEeR 301 and onto

substrate 242 benefi ci al because cool er

sttestter 2420 Ibwingshiepds ahls, w@@mm 696, dloofl hledg 693 mgingroller 600,
aya? o priD m}%‘??@}@ {?ﬁ%‘lg‘ I}éﬁﬁ%@g{l%b?x@?% 18 8%%0%1’&9 ¥ the web

nﬁﬁféﬁfeﬁt SubQrdtd 2401 Qe 301%( fidlve®h BRNdiedction BOS which corresponds
- beneficial because it reduces the anpunt of stretch

to thesyabsmpveraent o substsalg 247 dorrthe pant eycleorhese 51 @dds apdped through

t he S

<35 BTE L Sl o AR! 2 S ORI b pringne
rﬁécﬂkhlmtlsdeseﬁhé(Emtmm% dtthail ieiseyedeUS @hteﬁMZ#ﬁéSéHthch dsnincorporated
due_to the povenent of the screen, it is crucial to
byaeigreace R he enzyne ink does not dry into the

screen. As well as the chilled roller alleviating this

by ensuring the substrate is cooled to 18C before it

encount brmartitidare iivsenendsawpan ppint ﬁamcnngﬁt, ép ink frequestien is an

R W?g?fpa ﬁmgd/ i (E}c{ﬁr %‘}%{?ﬁt ?fgv%é &, I,sgrgﬁ? g@r §%boded with ink
6'0‘4 43 (0 @l focale\606 Afidaiiedrake jokG0a TGRSk (1RRGEh B onto

wat er nt of the ink is maintained at

subﬁi@t@w IBreaprinter piiziae ey woredenositen on etpstte 242 &@en dried using,
f§1g - uﬁ)’fé Ihg’t &Y S{ 56"&% etted g r%laé&w it Sl Sl U QB NRAL using two

I'ng topsi de’ an de Screen
sbparhteidiyiag biutks widda arfdunly dtier 2dne 266,38hmh id ilivstrdtédoin mhare detail in
5y A TGRIIE e BREhla 1T (e ey print Statlon 106 is the

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

aforementioned Table 2.

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

of the web manufacturing process according to the present invention the surface of the fifth
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I nspection system 237 for inspecting registration,
third Y registration systemat 237C (not shown) and
whargodw4st ati on (not shown). Qutbound ni p rol PET/GB3@3/004663
hel ps control the tension of substrate 242
(specifically the tension between inbound nip roller
206 and outbound nip roller 238). Substrate 242 is
renoved from second enzyne print station 106 at a
constant rate by outbound nip roller 238.. The Y
regi stration system (not_shown) at positaons 237A @337

chilled goles 231 dnpnrerrimaialy 187G, Fifth chilled spfler 23 L maybesgaled to an

BOrPIEIbrERHT e Yor G, SR Sh Phpaf ablng 7, Roducing
the teagiesitura oif eubshratekzi2 200 faintsihinedhe tengepirattreatfisobstiater242 is

2103, fourth Y regi strati on_ nmarks 2104 whi ar e,
P A bR AT PSR 0578 Cersg R LAk g on the sreens
an8 \RAEhOBlockd inSthe Xlegﬁgﬂ'zh%tu%@_&f QRSP IRrsath Q]webgtﬁﬁﬁﬂ%cu\ﬁng process

regi stration marks 2102, third Y registration nmarks
aeq@@ingde thef pyesenhinyentéay canralsa embengfikial beausadt reduces the amount of

FERISR IR TR BIRES PR e
ontthé flpfo dfidpenshte ot stich probmhIt station 104, first

enzyne print station 105, and second enzyne print
station 106. Each Y registration narks conprises 2

oy oxi Aol de ks BRASEA e oy BE BT A i e infiow
d‘uegcb ﬂieﬁﬂmiemeng yBihe B}:ﬂeeﬁ; aitie drt%ial tqaem;:uﬁd thaisthe Bﬁuneﬁﬁlg Boes not dry
.and 237C can i engng e y.an Eltromat DGAC650 from |
iptorthe Fragenchts el S@%ﬁfgﬁaﬁwgﬁ%@mﬁ{as by gngfing the substrate is
Co0Rad T8R! b&breliNEnddifieRthe &BYRIM doRRn-pridfing %?,?g&%?@ﬂso topside

system 237, may be 1 nplenented using the E

andopesddrside Syd'oesitle saeknl humidifieati?Cvid@OcadDrovitié g rstrieam of
comer ci al avaj.l able fromEltromat. Gibh in c
BB et ahtve S ey Tue s b LERR dhe B bt of g
Maifitafied GO BOMNeH: 1dvRRt TypiGal§ ShShiridi fi@IdiS 6 wRs bdﬁ%taﬁﬁ%%ﬁer the
illustrated in Figures 17A to 19D and/or figure 20D
ss¥een.c Arsulablg saangement fos providing sensidei ang unﬁ@ﬂ%e scrgen humidification
RERTOE 13 DRrelhPfin SRR SRR Bh Se RS o example by

recor @i ng 1'nspection results again a barcode in a

dat abase). Registration issues in the Y dinension

(which can be altered during printing by the

regi stration system (not shown) which is |ocated at

237A, 234Bnand Asd hrist\Htoh 106 ReRGREGHe Qﬂtb&pﬁffg?%nw 238,

system 237 after a print stagés are conple may
inspectidnesystem 2¥hfor atspestingiregistedtionetheidon registration systdnoat237C (not
I stortions to, t.he sybstrat 2. 1n a I ment .
PR FARRosh S Gt REon- QEPTa Ba e 38 RPE ool fhe tension
drehbsaate TH2qepatRtidal 1t thd/tension between inbound nip roller 206 and outbound nip
roller 238). Substrate 242 is removed from second enzyme print station 106 at a constant

rate by outbound nip roller 238.. The Y registration system (not shown) at positons 237A,
237 B and 237C controls the Y registration (i.e. across the web) of each print cycle during
printing by utilizing the first Y registration marks 2101, second Y registration marks 2102,
third Y registration marks 2103, fourth Y registration marks 2104 which are illustrated in
Fig 21A. In one embodiment of the invention, first Y registration marks 2101, second Y
registration marks 2102, third Y registration marks 2103, and fourth Y registration marks
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avai | abl e conponents barcode printer (nodel nunber
A400 from Dom no UK Ltd. In Canbridge, United

wpoogalensps bar code traverse system (Scotti sh Re@DGB2003/004663
Systens in Perthshire, Scotland), and barcode reader
(RVSI Acuity G Matrix in Canton, MA). The barcode
station (no shown) | abels each row of the sensor sheet
2106 with a 2 dinensional bar code. This provides
each row of sensors a unique identifier code,
bat ch/ Lot nunmber identification, the gensor sheet

2Hfmay corsasponds respaetbiety, trthe Yhraeisiation phearben piiaistation 403,
ode.i,.n I [
BT B i R 5 ol st
106 0E £ O Fegistratibe nivgle doneprispe? aiampies thd earé)pxtapdmdam dn orientation
process i nformatiqn fron1sg 4|ons 2 ar.e st
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Figyies 166 tonl 98t andier figgire 201 agdisat baysed 232 tooldnpssessig whether a
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barkdde i a ddtabiase). spl i ce, which occurs while the
substrate 242 is still noving, is used to enable the
‘continuous rewi nd of substrate 242. The splice is

pl aced I@é%ﬁ&tﬁ'oﬁ 1é%ﬁé§3m%<f: Yetﬁﬂleﬁﬁbﬂ (v@fﬁlch S84 £188-&1 during printing by
mat eri al primed with doubl e sided

thﬂ J@glsumte)mtgm Gn@éslmjhﬁ ayhich is ﬂxpc@mdeat 2374, 2378 a7 Cand/or
1%31?8&5‘?@( g%cgltop gﬂ ?St}u e@ep aIEB o n %?QIIG @#g)lfég% rﬁzg} Bé zgsgnbed to
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b%féae@ 5thii 6P grféfshbﬁ'ﬁ) RBEIS FBcH kv S1Oh& Kns6HRBE21108 vAllYa 2 dimensional
significant extent over tine during the

bar code. This provides each row of sensors a unique identifier code, batch/Lot number

identification, the sensor sheet number, and row number. The barcode station also reads
barcode immediately after printing to verify that the barcode has printed properly and
provides a visual indicator to the machine operators. The barcode and process information
from sections 2 to 6 are stored in a database and used later to identify and subsequently

reject/accept cards for future process.
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flood and print cycle and preferably over the life of
the print run. In particular, it is desirable that

w0 b@4wimaevsi ty and water content of the enzynePCTkBa@B/004663
change over time during the flood and print cycle and
preferably over the life of the print run.. The enzyne
ink is approximately 63% water. A constant water
content ensures that the amount of ink laid down onto
the substrate 242 is consistent. If the water content
of the ink changes during the printing process, this
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Figure 5 is a perspective view of

dunng the printing process, this can lead to variations in the enzyme layer thickness.
Additionally, loss of moisture from the enzyme ink shall lead to the enzyme drying on

screen 301 resulting in poor print definition and a reduction in the amount of ink laid onto
substrate 242. The humid air inside either first enzyme print station 105 or second enzyme
print station 106 is maintained between 85 to 95% relative humidity. Top humid air 300
and bottom humid air 302 is pumped onto both sides of screen 301 to maintain the desired

relative humidity. A side pipe 305 is arranged to one side of the web and introduces
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pi pe 304 with perforations 400 to bl ow bottom hum d

air 302. Figure 8 is a schematic diagram depicting 2
waoldoftonmmt squeegee angl es which includes a sPOBEGBa108/004663

242, print roller 600, and squeegee 606. The angl e of

the squeegee 800 can be varied to optim ze the

definition of the print area. In an enbodi nent of the

i nvention the angle of the squeegee can be 15 +1-5 and

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

poi nt of the squeegee 606 to print roller 600 is the
hemidifiédair tovibe yeb guosg side immsdiatalp adjamng theengyme pgnt stations. The

schenmat.i ¢ diaqr. epi Cti [ .
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screen snap di stance 00) which™ includes substrate
s@éen dymingthe noiniad flo6d@rind eyeke: print rol l er 303, and
screen 301. In one enbodinent of the invention,
screen snap di stance (1000) is the closest distance

bet weenp;jghifd 4584 baRdmanély dupishifigihe hdmid edviroanRhedretindd fifth and
enbodi ment of this invention, screen snap settin

sixtiogjionssf thewel privtgelhe Basy cpmponents uyed tQ pravide tgﬁ gygans for
;sett.i-ng. (1 14S too. high, o) :
QAR bl Bl AU AR O0R ol i
isdhades SopBirhidtaer 3004stradnt 3015bbifons hemid gir BoR, pitefwith pérforations 304,
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iIlTustrates an expl oded view of a precondrtioning zone
n2idtaisrthe Miscasitypf iteenzyine gtk ey sopeenr3Pl| Figeed,is hperspeciive view of

1100, first heater nk. 110 second. ter bank
Pilf'(fg)f‘ withyperfRr tbonﬁég{gzqglﬁ’g’%%ffb@mﬁ%ra enbodi ment of
the invention, hot plate 1100 contacts the unprinted

side of substrate 242, |In a preferred enbodi ment of .
this i nigsre %is a schespatis dagramypiciing 2idilierenitsgpesgee pagles which

A AR NSO R RLBEATICRL 88 B o

car be Raridibetoptimiertke ddfiidtiomotiht printared el v enitadkndit @3 the
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angle 800.

(

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

the squeegee relative to the center of the print roller 600. The squeegee position can have a
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substrate type and/or thickness and/ or any
pretreatnment and/or |ater tenperatures encountered in

W0 b@4pueess as woul d be under st ood by those sRECT/IGBA0BI004663
the art. Figure 12 illustrates an expl oded view of a
first drying zone 217 which conprises second chilled
roller 218, second drive roller 216, first drier bank
1200A, second drier bank 1101A, third drier bank
1102A, and fourth drier bank 1103A. In an enbodi nent

of the invention, first drier bank 1200A, second drier

nigsgriefteciom the thigkness efnrated ikn The pogition obihg squsgeeq can be varied to
. | kqé& air at approxi mately 140C

°§#?§%&§§H |§§§g@£gémgg%?ed as woul d be understood by

those skilled in the art fromthe description herein.

31 WO 2004/ 040948 PCT/.G82003/ Q04663 Figure 13. .
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second drier bank 1101 C. In an enbodi nent of the

invention, first drier bank 1200C and second dri er

bank 11£1..C { i : E@}dﬁi : 211 which
al t hougﬁljg?ﬁ 1s1 ilrr;lila]y %Sha\g}aerx?le({éleggl%ﬁg be under s-gi ogg bgl)V ¢
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c%%égs fﬂlhén wlprittddefiddilibsta@0322. ana prerabd csboEmeRBdTthis ihvention,

an enbodi nent of the invention, first drier

hotplatelAO0mathe eetsdrrdthdFefion dpdrayibohemted to ppimeximatel il f0°C. In

t i . uah j .
et PRy on A RUEE ok Pl Yechiq HER B E102, and third
Hehier BafkCr1iop hl®n hbiesieit apploxghdtely 16 0P €. T84 may bs varied to suit the

expl oded view of _.a first cleaning unit 204 which
sebyists tyae and{exthickgess apd/of gopreegimep atprjemppratures

. . . . . Ter
b SERREL T b s U BPBSRA mok
substrate 242 and

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

herein.
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transfers particulate/foreign material to tacky

rollers 1600. Figures 17A to 17D illustrate views of
wa@eookogashst i on | ayer to carbon layer print foPCHGB2003/004663

enbodi nent of the invention with proper registration.

Note that Figure 17A represents the top left, Figure

17B the top right, Figure 17C the bottomleft, and

Figure 17D the bottomright of sensor sheet 2106. The

mar ks are not shown on the sensor sheet illustrated

in figure 21A._In one enbodient of this invention, ..

car bon Fagurail3 dluatiates an gxploded Vew of 25eeomd 0B RE Zops 424 which

conpr.i .50/ | r . 7 OB, third
ot PR ol 53 HRP i ELAR 00, R HaCR 0T, i
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is proper at all four corners typically there may be
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rect angyb@t 14iiNedtabdsian @xplioded HéRlofanHird aiyith £odk 260 which
rectangl e 1700. The registration of insulation |a

er
camoprissa uth driyeorollerd?9o Hrct Heienak HaAOGH g segpnddrier bank 1101C. n
opeyat.or or..can be.ch . US| ISl
o303 MBS AR s lhi R3O,
bRWsHoe dir af afReXinResy 80°dlthotflettisunay bavaicdaspyadd berunderstood
this forns_part of the initialization at the start of
by thesp pkiHed inthe apifrom RisrdesGptioaReER_W al | four corners
of the substrate adjacent one another on a TV screen.
The operator can then visually inspect the
r egi st rEiginen sdflustrees| sateixploded viesr dfen fahuthi drging Bome 236 which

initialjzation proges nd .in uri.ng t .
PRI GV TRB ot (ST S 1O v 3l pisy hyak 1101D. In
aR S LiTRAL Sf Ak SnNAEES IR b MDD i sBSoHdatriepBarkd 01D,
carbon prints into registration. It should be

bloyysrhet aatab eprrbsimatdls S0Ebalthougl thipmay be sasied asi wepld bgpnderstood
| - ' ti b f
o JRE et i R A RGP B 00 Srvar s T or

di spl ay a snapshot of each of the four corners of each
card. Thus the corners of_ e

For a {HiEBte GhlBRroB ORlp g VoL Gt Syarindutt Sivhich

cg ﬁ&és%%yg}ggg@lﬁoo i V%%Wll@éﬁ%bﬁsld #h &ﬁﬁbﬁ'ﬁﬁaﬁlo}ﬁhe

erng re as t’he travel's through the
iieptiomtbise polfinesrallyst 1601 eonthitdbe top and botivosidef sehstrate 242 and

i nst ant | he _effects a | Us e may nake has
ﬁaﬂsf%ﬁé’ar‘i?ﬁﬂt%(@ww%?ﬁ&ﬁ%%@“% Olﬁon. Adj ust ment s
the operator may nake include, but are not limted

to, screen print stroke, snap height, squeegee .
pr essur BiguesrldéntoddB) illpgrate views of an insulation layer to carbon layer print

for an embodiment of the invention with proper registration. Note that Figure 17A

represents the top left, Figure 17B the top right, Figure 17C the bottom left, and Figure
17D the bottom right of sensor sheet 2106. The marks are not shown on the sensor sheet
illustrated in figure 21A. In one embodiment of this invention, carbon print station 103
prints carbon layer which comprises a solid carbon rectangle 1700 surrounded by a

rectangular carbon line 1703 onto substrate 242. In a subsequent print cycle, insulation
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relative to "Y" direction, screen position in relation
to O (Theta). Once the viewer registration has been
wa@ea4opoass this and other print stations (usiNECTGBMBH04663

228 and 234) the automatic internal X registration
system (using marks 2107 and 2108) and the automatic Y
regi stration system (for exanple, registration systens

| ocated at positions 237A, 237B and 237C using narks
2101 to 2104) are allowed to take over and nonitor and

Y.L egh St [ dur .
(B R0 O s PR BB SRR S22 i
poRitionedin Beewetsettle bolid edrb@itiaggl¥ 1300land thegédirgaldr eitbon line
during printing as_an alternative or in _addition_to
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' his di ' b of .the substrate ha
Pkl R BT AF R ol e e R SO Ot el i 1V screen.
HROpeitcr@an (RenSlisualy isspeaiahe roplistatién 6f M@fatfor! 18! Bfbod @udng this
iIinger artwork print along the direction of travel of

12168 pregees (apd iydeed during hgrempigdereof igyprind pused can make
: Fi the top. 1] ' 18C ¢
e it ptents O APl B0 i pid O PGS BT

regigtedtion] M6shoMfdese dppecdiatedithat the wveblvagigsr 200 (Comipiiding ,Beéxample, 4
registration_ is inproper, at one Qf the four corners

B pettel Bdeations aboys feurromer ghtherspearatreanderiovnand forwards
HEGEARG Y Eﬁf;%%ﬁfleﬁ&ﬁ OOtk e cdidlds (ﬁ%%}?&lrii OriR ?%bﬁerrs of each

rectangle . The registration of Insulation
carsl are phlyrvi¢wgdefor edractien ofie sdcend omttreudisplay $ipcesthe substrate beneath

erator using. secon i Si on sensor. 22 Fi gure 1
BB R el io PR BBt Bne S ey i apparatus.
ThaySstelrDénaBles afBPEMALITRE becthsthitBy the eEaéts @Ry ¥Mjhdiment he may make
I mproper registration when the printed insulation

hgs prgednsuatignde carbopregisiraiien. Afjustmentsth eperpior ntay fifake include,
b%g%@gllg’? 1im'itg<‘f to %Elggﬁl Pﬂg{ s%lége{sﬁ!l %%g%tb %cﬂl%gée%mg esn ’r s'c?éen position

onger 't

relagvy ot TYOndisction screy pbsitios fikelation th@(Thdat Oate thB&iewer
carbon prinpt station) Note that Figure 19A represents

Tegigratiop hagbeen setpp op éhis aml ether prisy stefiges (usipgyigveers 228 and 234) the
. ft . ' e. 1. t heht . .of .
U840 S 00y L DI D 0 ot v
régigteationsystemr(firieaampke, registrafied sytems located at positions 237A, 237B and
237C using marks 2101 to 2104) are allowed to take over and monitor and automatically

correct X and Y registration during printing. Marks 1700 to 1703 shown in figures 17A to
20 D can be used for automatic X and Y registration during printing as an alternative or in
addition to using marks 2101 to 2104 and 2107 and 2108 as would be understood by those
skilled in the art from the description herein.
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one of the four corners uncoated substrate 242 can be

observed between the rectangular insulating |linel701
war@4oaiougl car bon rectangl e 1700. The regi st raPCDOBRG03/004663

insulation layer to carbon |ayer can be checked

manual | y by an operator using second vision sensor

222. Figures 20A to 20 D are schenmatic di agrans

depicting the results of a process for printing a

second vi ew gui de 2002 (see Figure 21A) which

conprises solid carbon rectangle 1700, holl ow

i nsul athiswrerl8diusigtasay view od an myplatipg laysniocatsmdayer for an

r: : is .
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veibf die ot B S0 Tmrosou 48 e 105 56 R 4B gl g 15C the
bott6RdEE abd FigRe $ODERObotis HER JfRekdon Shet 2109, kwhed @@ insulation
(see figure 21A) in the "X" direction). Figure 21A is

ndaysir regisieationris hprepergt ohe af the feur opimars wsoaled substrate

layer

0 an nd Vi ew guj okl T Iy SLE ak i
2% P 5e Rk P BB il Bl 1797 3B SARLA B,
ré®gighd 10| OThdREisEatZdi)Sf insulakidrodayériio Yarbeg iB/ef edn tthecked
mar ks 2104; and X _registration marks 2105. Note that
menpally Y anepesrorasiag soasl aHanFSSRZ2Zar bon X
regi stration mark 2107 and insulation X registration
mark 2108. Figure 21B is an exploded view of one row
wi t hi n Bigmedo ifhsetes2d @6wwiftah imsulatioh tayeXta eaghmt Ingdrifonan

rk. 2107.and second. vi ew gui de 2002. . Fi qure. Cis.
podiphPbaLhe GrEREgr MOnaLe Bt b oGh T Eisfea Hgion
a¥wlobk RRhérYhAL thAbPthé 88bSh Akt (Bt SXBinklel HeGcRBA sP6ieM Bl the
view guide 2002. Insulation X mark 2 08 entirely

inppiation arist way be longer bgh shat af theisarbankorzhe insalgtion screen may be
ol F OO . . - .
AT R SR\ AD AP L o op e,

FaghirangB theatbp ight, Foduré heCalid ighttoad leGiandibiigoiy 10T Bottom right of
This means that any subsequent |ayers are printed .in
sersPRehesh 109- (Waernstbe dnelation ey tq epken leyer registationds inpprgper at
BB REIR Lobt hcon R EbsAPR 48 o BRI bAEEn 10 N Gangolar
imulating kine I0temdisolid caben ravtegigte 5700t HEheXegistratixn afiinsulation layer to

céq%lﬁg Eegfp{’)??% l}méel‘?q)qglze;ia rgfu?lg@yitbiélrﬁ?ltopgﬁl{o?%gin%rstec\:l\(glrdl%'ision sensor 222.
Figures 20A to 20 D are schematic diagrams depicting the results of a process for printing
a second view guide 2002 (see Figure 21A) which comprises solid carbon rectangle 1700,
hollow insulation rectangular line 1701, hollow carbon rectangle 1703, solid rectangle from
the first enzyme layer 2000, solid rectangle from the second enzyme layer 2001, and
uncoated substrate 242. Optionally, such prints can also be used during manufacture by
automatic ongoing inspection systems such as inspection system 237 in section 6 (after the
second enzyme print). Ongoing registration is typically otherwise carried out by a

registration system (not shown) at positions 237A, 237B and 237C in the “Y” direction
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An expl oded vi ew of one corner of the print guides is

shown in Figure 20A-D, in the sequence in which they
wae@4puiong ed. At section 3 of carbon print starPCDOBL@3/004663

a solid carbon rectangle 1700 is printed along with a

rectangul ar carbon line 1703, which surrounds the

solid carbon rectangle 1700. At section 4 of

insulation print station 104, a rectangul ar

insulation line 1701 is printed between the solid

carbon rectangle 1700 and the recfanqular carbon |ine .
andy(ry 2 GRS EANIOH BYFeTB IookiMgk ATkt SRIABS gglAgmt%e X
akohigst at all four corners typically there will be

no unctoat ed substrate 242 show ng between solid carbon

rectangle 1700 and rectangul ar insulating [ine 1701.
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R PRS2 1050 Mottt SRR it 213 oot BE FaBth x
I 1158 ik P10 drd8sudatiod X degi@tedtivn ahek 01053 5Fi¥ke 21B is an exploded
004/ 040948 PCT/ GB2003/ 004663 enzyne_ink within the

viescelanguParwithis senaei theel 2106 veith 2 parhen Xaegtratipopnefis2d 07 and
st 36w 2fde 2002 u?{gruﬂte%ltd“ |o'ah &gﬂ)dfe% We(nhoﬂ{ﬂe'}ﬁ\?qv‘gihﬁx ?érl%or sheet
0 an e rTIrs

can be réegl stered e secon not to t
2006 withGnlimykition Xiighttion idagk 2008l ageonidhadw guidb 2002 Insulation

X ACH URepitly pYeaal e resit ptiop ek BLY Cosinin in Figure
22@%@5 gg] ga%l% E‘i fovRiel atm%géé?ué@ RehMan® RIS ofHAAL £108)$h advance

on encou ed in the fitst drying zone
oP &} of thaorigmabearkommaidt 230 7wiThisoueana dhed asye sufse@ent lapers are printed

e BB i 1 55 G SRR e D o e
caboh Myef Mihi9 tard BeuRAN GRS 5 the s8eohd atEsubdeluent Jefded dith@rk

the sensors printed thereon is rewound by rew nder

diraensiops rredpagardn thech direetianalong thiweb) tys thasfire screesy pigwork
deHénsF@%HRﬁdee%cﬁeE’ﬁo%‘?o punch which is located within a
oW hum di

y environnent. The Preco Punch is a CCD X,
Y, Theta, Floating Bolster Punch. The Preco Punch

registratio ystem yses a CCD,yision systemto | Qok

2t Pr okt eBlpded Vi ol A pemer 0% e ek EYFE LB HEHE 204D,
- t i - -
irp HalsbQibned ﬁeﬁ%fg h%eg\éa\(r% E.E%uﬁ&mewoﬁﬁbpé&ba@p&g%t&e{lh@@, a solid

print “and ena to "punch” the cards out
caipon rectanfiee]l Wotipptinted alemgotithlD8:ctangular eagborplinegplitf3helich

SGEpRs T et P s BUE T bR R B0 ey 5S04,
r& @A guldr MsBlaGien Yy 870 R printddBteRedt the IR Ga@dhSretiafge 1200 and the

rectangular carbon line 1703. When insulation to carbon registration is correct at all four

corners typically there will be no uncoated substrate 242 showing between solid carbon
rectangle 1700 and rectangular insulating line 1701. Additionally, at section 4 of insulation
print station 104, there are two more rectangular insulation lines 1701 printed directly
above the solid carbon rectangle 1700. These two additional insulation lines are used to
visually assess the registration of first enzyme layer 2000 to the insulation layer and second
enzyme layer 2001 to the insulation layer, this is done so by printing a solid rectangle of
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barcode reader which reads two of the barcodes on each
card to identify whether the card is accept or reject
w0 pooaok@es on to the Web Dat abase. Aut omati c or POEGB2003/004663

extraction of rejected cards can carried out. The

cards are then stacked on top of one another in
preparation for the next manufacturing step. At carbon
print station 103, insulation print station 104, first
enzyme print station 105, and second enzyne print
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camhaaarca&namdéied wiithouthdaemde £fact onqaing repisteation (atolegaseiof 300um is

ﬁ, d 6 The web vi ewer caneras are part of a
bﬁﬁﬁ in the & difgstion) ocess used by the Web machine

operators during the start of the print run. The
canmeras 36 WO 2004/040948 PCT/ GB2003/ 004663 are used
to vi evApiliusirasel mefigares Waind B, atithe enveofithe progesssabstigie 42,

rbon,al i gnnent  t.Q, substrate 2 and,re
i G R rar et e e apEeReeP gt S DAY Rlpen fed ino
pﬁ&mrost @hichgyl Rt R réxiuame! a PRRE paREOWHICR izlvbled ithin 4 ow
i nsul ation | ayer rintin ui des are |IIustrated
humidfityenetorymentti Bmleem&mqhdﬁ ag‘&q@)éﬁa Ypdhete, BloptipgBolster Punch.

RSP APl B R 6 BB

which a6 ptifited 0 $he @dib@mgﬁnt(s&ﬁhmnﬂﬁsd alto“sﬁlatpumh tbGidjust to the carbon

There 1s a | eadi line a atrailin
PFiPY angengll sahq mm ﬁ%@ gl 1&%@ o OBLIBH- pﬂwut?%t of Punch 108 is a
sé'}‘yfgﬁﬁ&%d B f% thdse ?ﬁuéﬂﬂ@d@ﬁ%ﬁ@ AL Pﬁmﬂkﬂ rZﬁn’d‘s #re ejected
reto e substrate edge. Registration of
fnondpuncﬂ ués Io;ztopar domvextr bely.dhis qosveryeqbqﬂt e@nSpw'ts the cmds under a

bgqlc{) eix%eia@ep{ alon st&ﬁ)e | t&ﬁ%{)eﬁc«g es:olﬁ%ac )él)egté% x{'llfe?hex the card is

abdeptibi&refbtin réiaf-iM RGhé Web BahSAsE: E!Atlt@ﬁlatls oﬁﬁhﬁfnﬁeﬂ lek@sttion of
t he internal %lstratlon system of the machine. This

rejeqted casds ¢ame>am e d hercals ardiier steekedam tep gfipae uogherin
| bon X
ofBfralipn S0 R BB BBaRe Mept 0 8 2 T e s ea. The

Insulation printing cycle is registered to the Carbon
print using sensors which use carbon

X ti .
mar k2 1dtearkonpring faing 10%hdnjulatiogpriot stalion f@‘i ?&%%&%Yqﬁﬁpﬂm
sQHER '1 04 Qm@ bd¥nd RS mé éé%ﬂ ls@liofN 06 Al Hale 4 BRagOfoF @féhally inspecting

posi tion. The car bon registration mark 2107 used for
thertiegistration immediately after the printing process step using first vision sensor 215,

second vision sensor 222, third vision sensor 228, fourth vision sensor 234, respectively.
For each section in the web printing manufacturing process — Section 3, 4, 5 and 6 - there
are Web Viewer camera systems located immediately after the printing process step. See
Figure’s 2A-2C for web viewer locations. There are two cameras at Section 3 and four
cameras each at Section 4, 5 and 6. The web viewer cameras are part of a manual set-up

process used by the Web machine operators during the start of the print run. The cameras
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purpose is then over printed with insulation X

registration mark 2108 and is utilized in the sane
WOt correctly register first enzyne | ayreT/280@3/004663

and second enzyne |ayer 2001 wth the insulation

print. Y direction registration is controlled by Y

regi stration system (not shown) |ocated at positons

237A, 237B and 237C which in one enbodi nent of the

i nvention may be an Eltromat registration system

nb 50 f l.dsh
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insuldion tayer, andseconbewymerayssito insulagon éﬁ;’ﬁ%t@?edﬂm"% guides are
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udeAQ0 iR ehté thelcion gﬁhaﬁtﬁﬁmma ﬁrelbﬁort toahe ddgmﬁubmam:m as it runs

i ndi vidual card via bar code, odi.nment a i
thsewghowebqnspring é@ﬁOITWﬁ cHers reciending Bhe @%c{rﬁgﬁ%lag e fplostrated in

FYSRe AR 4 LR Tl 36, M PR S o
tHesubsteappedel Regstratidnaxf d&phdlilvidiuaﬁm grioted lyp@raus echuired in the X
reject car on thj as| s . the para
SSHEE T b R (o
g)?@éealﬂgt‘?ﬁe%kd X BRYctRR ré@%{e/‘ﬂ 1@505&811@& Bg tHY i8R Bsgistration

or automatical
sﬁﬂi@ﬁbﬁﬁ@%&hﬁmnﬁﬁ&wmmw &'ﬂaiiﬂdlqatedtqndflgmxpzﬂ A}Band C.

Qnttge Ftaft]onlquln’c E;Iclef a cargcﬁ }%x%gliuatlon ﬁ(}éf 017 R_ré]ft (H is s apea. The

Il%flﬂa%h %hnﬁﬁ@ls cle i@frbgétm%ﬁ%tﬂe Cxrb& pﬁﬁﬂismk sefidoey whiahlasd carbon X
1 of 27 of ¥ Drier Bank 2 Drier Bank 2 Drier
rezasitation mﬂe zl%tqwllgwmhfp wsulgHpR scregy topdgst in qgderdo grinythe

oy BP0 P o s
pérpost BrthBoover $rilded evithBaniatibnl X segisiration anark 21 @&aﬂdas dtlhzed in the
sq?rag %r@gilqnég %forr%ﬂ(g?g@gtgy ﬁfsgq T ele %%16% %B(? se!cglslé gr?zynl_%quer 2001
with the insulation print. Y direction registration is controlled by Y registration system
(not shown) located at positons 237A, 237B and 237C which in one embodiment of the
invention may be an Eltromat registration system, model number DGC650 from
Leopoldshohe, Germany. This utilizes the printed areas 2101 to 2104 indicated in Figure
21A. On each print cycle — Carbon, Insulation, Enzymel and Enzyme2 - these marks are
printed in order that the subsequent print is registered, via sensors, in the Y direction. The
Web Database records process information during printing. Information recorded in the
database can be traced back to each individual card via a barcode, in one embodiment a 2D
barcode is used. Typical information gathered in the Web database is outlined in Table 3.
The Web Database has the ability to assess whether a process parameter is Acceptable or
Unacceptable and can be used to reject cards on this basis — whether the parameters were
running within there tolerance limit. Unacceptable cards may be removed at future

processes either manually or automatically.

Table 3.
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Figure 22 is a schematic diagram of parameters X, Y, Z, and 0 used to register

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

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

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

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

vertical). The parameter @ represents the angle around the Z axis. In an embodiment of this

invention, the following parameters are used to register the following print process such as,
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any defective rows resulting fromcross web variation

in print quality (perpendicular to the direction of
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The movable substantially flat screen copes well with the types of ink
(solid/liquid combinations) used in the printing of electrochemical sensors. The use of a
movable flat screen can enable better control of print definition and the deposition of the
thicker layers of ink needed in electrochemical sensors than may be allowed by rotogravure
or cylinder screen printing. A variety of types of screen (with different mesh, diameter of

thread in the mesh, thread separation, thickness, mesh count ) are readily commercially
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printing, the substrate will stretch unpredictably
causi ng inmage size variation in subsequent prints. The

W@ 2we/0efo48 he i mage printed at each print statiPeI/iGB2003/004663
determ ned by several factors (stencil size, ink
viscosity, relative web and stencil/screen speed and
substrate stretch at that point (both reversible and
irreversible stretch) etcThe image size variation
(between different printing steps) when | ooked at the
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PRI © HAepHoR fbhe 5 OB PREERFpg Haliof fpe web s placed
u@?@&gioyo degrees. In figure 2A the first heater bank

that the unprinted substrate encounters is the hot

plate. This is a Teflon coated plate, which |ifts and

contactg the substr ' ] { .

heat is 19 s%tfﬁj%léac? t? ?)b%t g‘g@g&@%@g&o‘%&“ﬁé&gﬁ s??na‘é'r{eﬁ.ﬁn the
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penting, the whstrase piild siretek vanredigiably cansing Imagssize EHatig in subsequent
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The size of the image printed at each print station is determined by several
factors (stencil size, ink viscosity, relative web and stencil/screen speed and substrate
stretch at that point (both reversible and irreversible stretch) etcThe image size variation
(between different printing steps) when looked at the end of the process was found to vary.
It was unpredictable and higher than expected significantly reducing yields. If the
mismatch between image sizes between layers is greater than 300microns along the web
(x-direction), the product will not work. The excessive image size variation was thought to
be due to excessive and unpredictable stretching (due to heating and tension) and shrinking
of the web substrate.
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Bank 2 hot air is introduced to the front face of the
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stafistigally peovideddhabess dipensiomakeanzeh Thygaloplatedimeands 1605%. In

ﬁ%ch Blhop S fs‘%ﬂ HR84 PERR fdht FRa%eHh 'sﬁbéfc?%@atsi éeg?ﬁhvof 160°C with a
re 0 ‘fr%e P dto eposi t e

atirve rint screen use osi
spevifirioh af ev- 4°Ct The adleulatetiman dol6it 28 GelnsBarkt Thotragr isfintroduced

t(t> H‘n% f?o%ti) z}cg %% ﬁleps%s?trratctz gt a}src]e?p(i)igts (% l%t()b(g nwiﬁlrai srf)tebiﬁlcgtignngf +/- 4°C. The
calculated mean is 161.18°C. In Bank 4 hot air is introduced to the front face of the
substrate at a set point of 160°C with a specification of +/- 4°C. The calculated mean is
160.70°C.

As aresult of the web tension and the heat introduced in the drier, the web

substrate is stretched by approximately 0.7mm per artwork repeat. This was one of the

primary reasons for utilizing Station 1 as a preconditioning unit to stabilize the substrate
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enbodi nent of the present invention, a second
registration mark is printed as part of the

WO padloaouon print, and because the second regi BCT/&BR2@A/004663
mark is larger than the first registration mark, the
second registration mark covers the first registration
mark and the enzyne layers is nowrelative to the
insulation registration nark as opposed to the
original carbon registration mark. In one enbodi nent
of the present invention, a special mark is printed on

pridi8o sPBLEGicn ﬁnﬁﬂgbsiatfdrfsﬂh@_ﬁe@‘fS&ﬁ@ﬂ 120 @rezofidition theMmbstrate
printed on the substrate adjacent the first mark in a

insowesdhestabititysefdgarbon endhisyationcbew disagthainceapych of the material
th b h : bstrate.
st R PRRL O sndorh Do AR AR Pl 50t T ©

orientation of the two marks on the 42 WO 2004/040948
PCT/ GB2003/ 004663 canera. The operator. can_see th .
mar ks dné mthed ageprdangronthe present Hepliep G meteg “&ﬁ“&ﬁ the printing
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ik, '%in%tsﬁ hly( 1afkef MR fiRt tdanuhAb Ak, obRetit@the first fegistration

enzynme I's gives an indication for the row of the
et o densanrpgistrttionefthd swbsequinilayers(es enzyang layershin, be triggered

rgther .th a card can be rejected if, ne .

St e S PR AR SR A g BRI o v

1478 AR is Wl dh@s&ond ldyet Bén@Riridi ehantthe §t¥psé aafos ‘o’ the mark
ormations are printed at the corner of each print and

toriake aespumtnfihayariatien @nsgsess sigedor the spepmd daesiwpylation) and
rk. .S printed at station 2,
S@%%@@%F#%gq%%%&ﬁgﬂ$ﬁéh printed at station 3. The
Insulation ink is printed around the solid Carbon
rectangl e and. wi.t hin e Carbon box ip order to .
provi dg’né’nﬁ G‘inggélﬁﬁeﬂt ‘tfl_éﬂ? WSSWE’BV“E‘S&%E% re {r%w?ﬂ( fyprinted at
e MsiGRInf %\i‘%ﬁeorll{ Riding AR Rint. TS sSHRrRE PhdnGndves W @k s&dnd print

prints. W the” boxes indicate that the Insulation
sietoreanl the inadation leyerss prntecha dhe apprapoiptedécatipie o tapsdithe carbon layer

t.hr qugh .t he b vi r.systemthe lnsulatio ] .

o B8 Mo S ARG ot s
hhd bedd snch@kddEiatslzy shglitineriivntotipprivh sérbén €sad odeppsit the eatbon layer,
artwork In a further enbodi nent of the present
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now relative to the insulation registration mark as opposed to the original carbon registration

mark.

In one embodiment of the present invention, a special mark is printed on the
substrate in a first print step and a second mark printed on the substrate adjacent the first mark
in a second print step. A camera views the two marks as they pass beneath the camera lens on

the substrate. An operator views the relative position and orientation of the two marks on the
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In one enbodi nent of the present invention, four

tel evision caneras view each card, one at each corner
walowoistogpogach of the print stations. The i magesPET/OBR@IM04663

print step can be superinposed on another on a TV

screen either singly or in twos (for exanple al ong

the web, or across the web) or in fours (show ng al

four corners of the card at once). For each row, up

to six mark | ocations can be used (two, one at each

end of the row, for carbon to insulation and four,
can¥a. he %?&ao@m seé ﬂfe'ix@ark@emd thélfe ddfistulentsito thetregisnatipme the two

and insutation to enzynme 2). 43 WO 2004/040948
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equi val ent structures may be substltuted for the

structures iI tra and descri erein a th
Ehe- SedbBnseabeRmsal ke PoFAR Sy e pREEs AL Bl are
pﬁfi@gd on gﬂé’&éﬁgu%sﬁfﬁé 6bx FhalensarR paNRd af Meicoflet GE&Uch phiat and

invention. In addition, it should be
makelep pard ofithe Iﬁh!tbm@dylnmlat!ml serasn dewerk. Heabem bikds Rigted at station

f nd h
antgﬁ I'[]ggi 8 F}}Seglf é#lo? k h R@ul%t?%ﬂ]](( ?%élgf&ei?rroglad the solid
cﬁfﬂ&c}é&ﬁ{gﬂ&m‘wm tm @%Bh boRVERIEOD piewide bgaide/aiiorthe Web

and described herein, it will be ohviou t hose
opérator exolitsiningdhepqrracheagisiation efiihs Garromte iéﬁ“gaﬁoa rPS‘WSd difben the
\; e
oy "Bt At TG AR orde LRSS Bl B 40y DG bon
thrbegltatht WiéH Viewtr systear the hgsulatiomstieen am werk inoy be |r¢;duced 1n size by

RS L DT R o %@@ﬁ%ﬁ%éﬁf hﬂ%@'ﬁ% afrhe”

enpl oyed in practicing the invention. IS |ntended
“that the followi ng clains define the scope of th
i nvent i lnre fartbiertémshodinetod thesprasest inyentipnetheores Wdlch@ that the

ISR gL ORy i B S 00 fos st o B gt patgs of

r%ﬁhﬁ@n. Through the Web viewing system the insulation artwork/screen may be

joud

adjusted until it is perfectly aligned on top of the carbon printed artwork.

In one embodiment of the present invention, four television cameras view each
card, one at each corner during each of the print stations. The images from one print step
can be superimposed on another on a TV screen either singly or in twos (for example along
the web, or across the web) or in fours (showing all four corners of the card at once). For
each row, up to six mark locations can be used (two, one at each end of the row, for carbon

to insulation and four, two at each end of the row, for insulation to enzyme 1 and insulation

to enzyme 2).
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WHAT IS CLAIMED IS: 1. In a continuous process for the

manuf acture of el ectrochem cal sensors conprising an
web@answde | ayer, an insulation |layer and at |PEEGBOW/004663

reagent |ayer, the nmethod conprising: printing an

el ectrode layer and a first registration mark; heating

the substrate to dry the electrode ink; aligning a

print screen to the substrate using the first

registration mark; printing an insulation |layer and a

second registration mark wherein said second

regi st rpthetessnt Knvieitidm Kigeregisiation dfahd prististeps is facilitated by the

registration mark and is printed over the first

upagfi the peciabprinfanieks Holeing! whEo apd fheise of & Voraparpeviewing the
e B mgﬂﬁﬁe@%gﬁggg.& TRESRP eictharR S RASH vE ddd in built

€ usi'n regi stration nark; printin
a@esdIn®as QUuTprédrg qudlity ayawlividiah gpvishinring divikword byt camera) and at
screen.. 2. A nethod of manufacturing an
the ediof hai@AsSH sensor conprising transporting a web
of a substrate froma first roll of substrate materi al
past one or nore print stations and printing nultiple
f unct i dihatill bayeognized thategudent atrecteres map besubsbiteted for the

e S N A
ilfehfibh RhoftHeions stfuéhft whied mh M@émglﬁﬁecﬂtofihibﬁément the claimed

regi stration nmark; heating the substrate to dry the

ifvention.f inedditionait sheuld be uadsrgiapd thabevsry struckie ééﬁ?ﬂ_béd _ﬁfrﬂé’e has a
BB SRyl B e 3 Lo o b lon

mark wherein said second registration mark is |arger

than the first registration mark and is printeg ozgr
the fir While peaferedembediments of fheqresent inpentionheye heea shgwn and

dg%%l})%ggf}] gns glaﬂgg)%rbb'v S 10 sV RiRALH 2PA3t such embodiments are

G637 aligning a second print screen to )

prévedsiisw ayasfexasiphgortlie Nunresousrnagatidns achianges, st substitutions will
printin thjrd. fupction lLayer,.usjin he secon

g Ui sy siatled s ﬁl&%\@ﬁﬁ%@m i th S B 1 phovld be

vhii&sfobll Hat {aiikiafB@htiv @16 thd SmBYdimb@s oPthe iM@nfibR déscibed herein

may be employed in practicing the invention. It is intended that the following claims

define the scope of the invention and that methods and structures within the scope of these

claims and their equivalents be covered thereby.
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at a print station by screen printing an insulation
ink using flat screen printing. 4. A nethod accordi ng
wa@b@umi®4g n which a first functional |ayer i s BOT/GB2003/004663
el ectrode layer. 5. A nethod according claim2 in
whi ch the second functional |ayer is printed on the
substrate at a print station by screen printing an
insulation ink using flat screen printing. 6. A nethod
according claimsS in which the second functional |ayer
is an insulation layer. 7. A nethod according claim?2
CLAIVIR ch the third functional layer is printed on the
substrate at a print station by screen printing an
insulation ink using flat screen printing. 8. A method

rdi im.7 in which the third functional [|ayer
v@igglgégggﬁhﬁ?géer. 9. A nethod according to claim3
in which one or e,el ectrodes are printed, on the . .
15 B PEROLF pRpopP ot i ARTTUE B HE RS aL ST fpmRgsine a0
clBbtfsde1h R dnVinQRREBIOhYSfCantd it 16451 61 1bAgdht 1a561 BRMethod comprising:
printing; a first insulation layer is printed on the

SUbS%ﬁﬁfr%zﬁltel&%%%ﬁja RF b a BfRtdgrah¥n maALEEN printing
Su

an i lon 1nk using flat sCreen printing; a first

reag Qﬁ?%?%ﬁﬁbﬁiﬂ@&i@%ﬁﬂ%ggﬁykﬁﬁm§UbStrate athird

print"s on by screen | Ing d first reagent ink
St 5 o BRE o B0 bRr &0t HEESeoR mar
printing an insulation layer and a second registration mark wherein said second

registration mark is larger than the first registration mark and is printed over the

first registration mark;
heating the substrate to dry the insulation ink;
aligning a second print screen to the substrate using the first registration mark;

printing at least one reagent layer using the second print screen.

2. A method of manufacturing an electrochemical sensor comprising transporting
a web of a substrate from a first roll of substrate material past one or more print
stations and printing multiple functional layers on the substrate at one or more print
stations by screen printing, the method according to the present invention
comprising:

printing a first functional layer and a first registration mark;

heating the substrate to dry the first functional layer;

aligning a print screen to the substrate using the first registration mark;

printing a second functional layer and a second registration mark wherein
said second registration mark is larger than the first registration mark and is

printed over the first registration mark;

heating the substrate to dry the insulation ink;
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aligning a second print screen to the substrate using the first registration

mark;

printing a third functional layer using the second print screen.

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

at a print station by screen printing an insulation ink nsing flat screen printing.

4. A method according claim 3 in which a first functional layer 1s an electrode layer.

5. A method according claim 2 in which the second functional layer is printed on the

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

6. A method according claim 5 in which the second functional layer is an insulation layer.

7. A method according claim 2 in which the third functional layer is printed on the

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

8. A method according claim 7 in which the third functional layer is a reagent layer.

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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