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[00011 Field of the Invention The present invention

relates, in general, to ink conpositions and their

associ ated nethods and, in particular, to ink

conpositions for use in a continuous web

manuf acturi ng process for el ectrochem cal sensors and

their associ ated net hods. SUWWARY OF THE | NVENTI ON

[ 00021 An exenplary enbodi nent of an ink conposition
F ofNKQMEGSITION FQR S5t BE AP NATNUGNIHRER RROCESS FOR THE

accor dance FB@%§ IHVE0h¢ j

gr aphi te, N?é‘m&f ac ,SgtErLem n atn:g%g}tﬂ%lgggﬁgnogs
solvent (e.g., at |least one solvent with a.boiling

poi nt between 120 C and 250 C). The ink conposition
has a weight ratio of graphite to carbon black in a
range of from 4: gAlckérbend ermigiNviiiroRf a sum
of graphite and carbon black to resin in a range of
from10:1 to 1:1. [00031 An exenpl ary enbodi nent of a

t f nuf.acturing an el ectrochem cal sensor

[OgﬁggﬁgﬁﬁgﬁF§B¥ﬂgﬁﬁTesen? i nvention includes

t r anspor tTHigpréseitibSéitting )RR, iddsherdl, to IkaSnpdBi€ioRs Al their

station_and printing_at |east one el ectrochem cal )

sengissocitebmethads ynl, impartigulpys tq sk coppppsitiens fos ugs inrk continuous web

st at . LBt ' ' A | yi

an ThANE o B Bl M S ATER g R A BRI Mnethods.

conmposition which is applied includes graphite,

carbon bl ack, a resin and _at |east one solvent. In

addition, a wei ghtSYMNARY OF EHE INVENTION bon bl ack

in the ink conposition is in a range of from4:1 to

1:4 and a weight ratio of a sumof graphite and
[0@02ibon blAw &xenmplary simboidsnéimt ofian ankgemyfositioo forladufh@uring

1: 1. .BRI EF DESCRI PTI ON OF -THE NGS WO 2004/ 039897 .
Pd/%?ﬁg‘ﬁﬁﬁié%soﬁ %ﬁ?fd%’%we@ﬁ%%‘f"é‘ﬁ iOR gD P‘?es graphite,

the bWk, ARGiAdhEaR ] ageshebiveRe(el &3 8kt b8 NehPRith a boiling
will be obtained by reference to the foll ow ng

det dioin betreesal 2P Cand 288 C eTlke inkrcompositipybay awieight ratio of graphite
ST B804 Bk T ot DE0BIA 63 P58 bSet Db G
[ 00Qafbohblack o ksirpinschg @b Rodilagr@m:epi cting 8

sections of the web printing process.

10003} An exemplary embodiment of a method for manufacturing an electrochemical
sensor according to the present invention includes transporting a substrate web past at
least one print station and printing at least one electrochemical sensor electrode on the
substrate web at the print station(s). The printing is accomplished by applying an ink
composition to substrate web. The ink composition which is applied includes graphite,

carbon black, a resin and at least one solvent. In addition, a weight ratio of graphite to

carbon black in the ink composition is in a range of from 4:1 to 1:4 and a weight ratio

of a sum of graphite and carbon black to resin is in a range of from 10:1 to 1:1.
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[00061 FIG 2A is a schematic diagramdepicting a

first and second sections of the web printing
wWEe@am3®s97 [ 0007] FIG 2B is a schematic di agr aP€T/GB2003/004689

depicting a third, fourth, and fifth sections of the

web printing process. [0008] FIG 2C is a schematic

di agram depicting a sixth and seventh sections of the

web printing process. [0009] FIG 3 is a schematic

di agram depi cting a hum d environment around a fifth

and sixth sections of the web printing. [0010] FIG 4

is a bottomview depicting a humd, environnent ar

[0004] fi ft K\ better yndarstandipg of e featyres and Wé’l?l“'iﬁg‘i’srﬂ Ith%pre‘s’em (1jnvent10n
00
9555 g B ERET il 0B, W s

depistatiNgerabddimentsciiclidch the@Pihdiplds IoGtheﬁnV&t@nSﬂtdﬂuﬂdMedpand the

di agram depi cting a p{u&gt cycle. [0014] FIG 8 is a
s @REMRRANYIng gV Rgs ok ing 2 different squeegee

[000511l 19588 s a icggxééafu% g é&)?(:tﬁ’i o RCREEG I ofF tH R85 ?g%tin(ﬁ Pprocess.

rctin ueegee positions.
[0006] CFIGS 24 sarsehmnatm diagrgmaiepidepg e firsignd sewnd eections pf the web
di st ance. 00171 FIG 11 is an exploded view of a
pPBEBABPIACETS ng zone (211). [00181 FIG 12 is an

[0007311%130 @@jis\é's%rﬂeftlctd‘%r [dehicHAY h Bfr® SR 240 Jifth sbAOhI df the web

. 13 i's an expl oded view of a second dryi ng zone
( PRijing pf@®OBO] FIG 14 is an exploded view of a third

oA BTISAGTRL A 3 0 ko

ewngﬁ§ rotegw of a first cleaning unit (204). [0023]
FI Gs A-17D are _views of anlnsulatlonlaégr to

[0009 1o r? s ayehenticrligarap depictingp Brmut syfonspRargud affth and sixth
1%&0%90??]}%%&%@‘% an insulation |ayer to carbon
er

er w regi strati on when the artwork
[0010] GIHCBl t4i8@ bfottom \hdiw dsgiceena Babid envebneeatreecnd2 ffth and sixth
2004/ 03\%297 P GBZOOS/ 004689 [0025] FIGs. 19A-19D
arseciqns W8 ation | ayer to carbon layer with

[00113 G ;5?%# Qégtéét{evt%gh%v oD Bipetith frforiink. from screen

[0012] FIG 6isa schematlc diagram depicting a flood cycle.

[0013] FIG. 7 is a schematic diagram depicting a print cycle.

[0014] FIG. 8 is a schematic diagram depicting 2 different squeegee angles.

[0015] FIG. 9 is a schematic diagram depicting 2 different squeegee positions.

[0016] FIG. 10 is a schematic diagram depicting a screen snap distance.

[0017] FIG. 11 is an exploded view of a preconditioning zone (211).

[0018] FIG. 12 is an exploded view of the first drying zone (217).

[0019] FIG. 13 is an exploded view of a second drying zone (224).

[0020] FIG. 14 is an exploded view of a third drying zone (230).

[0021] FIG. 15 is an exploded view of a fourth drying zone (236).

[0022] FIG. 16 1is an exploded view of a first cleaning unit (204).

[0023] FIGs. 17A-17D are views of an insulation layer to carbon layer with proper
registration.

[0024] FIGs. 18 A-18D are views of an insulation layer to carbon layer with improper

registration when the artwork resulting from the screen 301 is stretched.
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[ 00261 FI Gs. 20A-20D are schematic di agrans depicting

the print results for operator registration of the
woew40398am a first view guide for visual inspeRCT/GB2003/004689

during an initial registration process. [00271 FIG

21A is an exanple of a sensor sheet with a first and

second web view guides; first, second, third and

fourth Y registration marks; and X regi strati on narks.

[0028] FIG 21B is an exploded view of one row within

a sensor sheet with a carbon X registration mark.

9]. FI 21 Cis nex | oded view of gne row within
[0025[;%8§ﬁ I ?%Qé‘f‘" W‘EVﬁo 1R 1ayRE Xca&é’ﬁﬁ@ﬁf S IHPRERK
O\fsg]sm' vk &t bRk %oﬁles@fe%m@q Ihgynmhlétché@OBO] FI G

22 s a schematic diagramof paranmeters X, Y, and O

[0026] sl“é@sx 2A-20D m@whemetlmébgaml depictigg frequing sesu{tS)ﬁBbperator

char |Ilustrt|n uence
strs%}gtr FilionyTheouBLasngh i B Pt Dal PRy dffing an it
regstic®Atpredess.ne present invention. DETAILED
DESCRI PTION GF | LLUSTRATI VE EMBODI MENTS  OF THE .
[0027i] NVENPIL AN o e3applE 062 sanspr sheek with gdirstand isegpndrweb view guides;

Etc %écﬂﬂd §nis (?%r&d R)ﬂﬁhq} gﬂ?ra% nﬁ{'ﬁsngﬁf%ro%lgtiﬁo% marks.

accof resen i nvention

[0028) FAGO dZQB isan bx;il@ded dew loif ofie 2w Within Psedserahdéttvicna Bzg‘bon X
stat.ion 102. Section 3 is a carbon print station 103.
sdegistgation makan  jnsul ation print station 104. Section

[00293 FI@‘; 10i58he ﬁg@’é@w% R bnStR gﬁ’tﬂgxgc)%n é%i}%ét%gﬁaﬂ fhs@ation X

econ enzyne print station 10 (S)
r evgistdaionunark oV&7coatieg ticarhoB X mgmtrapormmbarkl08. 1t wi | |
nder.st ood by those skilled in_the a that while
1003‘1353%& o i Aseymaie diasrpr PORTFRIKTLE Yo é)wféé% gegitier the web
K %g;ocggbncer ning these 8 sections, the process
a ratus of the invention can be enbodied in
[0031g rF¥Git 23 isor fléveebart illmstoating adequeetof steps infoproeesaapéaeding to an

while 4 pri t stations are envisaged in this
er%ﬁ%‘?lr?ﬁéﬁ %‘H’éw -0 R%Pré’s PR g?‘gtl ons coul d be used

wi t hout departl ng fromthe scope of the invention. In
one enbodi nent there are a mninmumof two print

st athIBRAILED leSﬁRJBEI@N QF dELABIRATRYEEMBORIMENTS

100931 1n-one enbodi St E LY NI ZOPﬁ’VS‘n’??iﬁ,

Section 1 may be inpl enented

[0032] FIG. 1 is a schematic diagram depicting 8 sections of the web printing process

according to the present invention. Section 1 is an unwinder unit 101. Section2isa
pre-conditioning station 102. Section 3 is a carbon print station 103. Section 4 is an
insulation print station 104. Section 5 is a first enzyme print station 105. Section 6is a
second enzyme print station 106. Section 7 is a rewinder unit 107. Section 8 is a
punch 108. It will be understood by those skilled in the art that while the following
description relates to a process and apparatus concerning these 8 sections, the process
and apparatus of the invention can be embodied in greater or fewer numbers of
sections. For example while 4 print stations are envisaged in this embodiment, one or
more print stations could be used without departing from the scope of the invention. In
one embodiment there are a minimum of two print stations for printing an electrode

layer and a reagent layer.



using a substrate material unwi nd unit 101 such as,
for exanple, a Martin Unw nder/Automatic Splice which
w0 200a0388hEbl € from Martin Automatic Inc. in RCRGBR@3/004689
IL. In this enbodinent of the invention, Sections 2,
3, 4, 5 and 6, may be inplenmented using a nodified
Kanmann Printer, which is available from Werner
Kammann Maschi nef abri k Grbh, nodel nunber 4.61.35, in
Biinde, Germany. In this enbodinment of the invention,
Section 2 maybe pre-conditioning unit 102. Pre-
conditioning unit 102 nay be used to precondition
substrate 242 prior to printing and sections 3, 4, 5
(003379 & FRYudGubREMCADIIEE HERr® iivRhtiGASRARN | ABYIakHPRmented
irst enzyne an secon nzyne i nkS onto a substrate
248ing Seabstare mMateriyl unvahdideit A @hiuchers, fonexampl?, a Madin as,

; (Mﬁ%r %Olﬂﬁff%%{qea"’hl%hE avpﬂa%m@b%gh(fla% X&O@aﬁ% Ifnocn
TR Chﬁ vé} ¢4 gele h@ﬂﬂél&ﬁﬁbdl&%msmne Bventicl, SeARIOLE3, 4 SRhEGPmay be

I's avail able fromPreco Press, in Lenexa
Kanpbmeatcdlmdlgla modified KagpapanPrigter, Whirharpyatigbleyigmp &erner

cific ls , .
SR R0 ERED AR BRIl 35 Gy i
aRg{HRbin®dt bf 8¢ iRlendeftSeetion niugitie pie-pajidltlmgng finio 102.hPre-
scope of the invention as wl| (ggund rsto

by. th :
s lcpnqheqmng il (2rmay beyessd 1o preggnditign s trgtﬁggf% @%gltf ‘g)or?r?ntmg and
;%g ctions I3C4 . zﬁxglr 'bl: Iu%%f tg%&le_@ﬁ’ Lihe ag&}n? nﬁfllaﬁHﬁ SHr&dn8yme and

it passes hrod St ohs 10
P lsbEindefizh© ks Snaceaubdiraig 242. Sbnmopﬁesem tncludmrewnmd@mmt 107

TS Vel AR s
{Y?\Pbﬁ?ﬁ‘d (I'L_) lS%ﬁg‘lSS) ma aASIPZ JIRA 4 0@ 6ddl RIfoR ¥xample, a Preco
Du on rate 2 [

el)in ns. Subs ssupplledlna
r Quicloivhivhtie avalapleviing IRrema}Prm, mfImneng)Kngaseas model number 2024~

m c t hi .ck
SO e EE B R 5 RO RRRER osopices
Wi FHaBpktads nS s Vasieend/r Rplaped indred aiitid auogeamrmmom departing
t he product| on of electroc em cal sensors

sdrar thescope phie inventioss will bypndersigad by thﬁ?»f‘sskiﬂée% in the art.
because of the requirenent for the material to be
robust for printing yet manipul able through the

[0034ppar atEIssanal, 78 aﬁdm@ iatd htmuticldiagtamsatiastrang dtegpath of substrate
sui tabl e quantlég sens

ors to render the proc
ATl BAshSs LDFOHER SoctioBArs ok W SIS PIPRE BRI GRS to the present
acﬁl%ﬂtfonc ?@B @%ﬂﬁ&fﬂn ﬁfjogt e Hen@én, I@&ttlilat%hgﬁfse& %r substrate 242
pr ove esi on yester I's a preferred
rT&h&y bah pbiestusaatetial(@hdw pame Meliata® $1328), whick isavanvdertured by

4 I\g\ill)POZl’R OT%{_]PHSI"QIEI]; g %T GiB?Zog% gu%% 16(? in a roll of material, which may be, for
example, nominally 350 microns thick by 370mm wide and approx. 660m in length.
These dimensions of thickness and width have been found to be particularly suitable for
the production of electrochemical sensors by flat screen printing on a web of substrate.
This is because of the requirement for the material to be robust for printing yet
manipulable through the apparatus and of sufficient width to accommeodate a suitable
quantity of sensors to render the process commercially viable. Substrate 242 may
include an acrylic coating applied to one or both sides to improve ink adhesion.

Polyester is a preferred material because it behaves satisfactorily at elevated
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tenperatures and tensions used during the web process

according to the present invention. Wil e polyester
waea4iosderd Mel i nex are the preferred nateri al BCT/GBR0V8/004689

enbodi nent of the invention, the use of other

materi al s can be envisaged by those skilled in the

art fromthe description provided herein. |ndeed,

anongst other things, variations in materi al

t hi ckness, width and | ength can be envisaged, a | arger

width or length offering additional capacity for the

production of sensors and_a variation in naterial

t HFERREREes #ddepsonsiysed daning lbe veRinperss agrerding to the present

ors 1k on Ceqi . . ot na.

A s e S

t cengbuidiment@f tiosinbertiony thetuse bhvthenmaRdalscab be emtienged By those

is ased to_.a heat, stahilizatjqQn process,. b .
11D EAAT (BT i fescription pipyided hgfeim ol atopgst ofher things,
UNEHefatiShRichd 63 thibBRRS, AR dCanld T¥n AR €an ﬁ@f?d’lfl@alg&n Allarger width or

substrate 242 experiences m ni num di nmensi ona
dilength offering additignal lsapasey forghé nrodngtiqer eftsesworaret variation in

tenper.atyres of between 140 and.160C at tensions up to .

) PR e o K Rt B e BoeiiertEh, o Eefation

h PRinkihp "B a plefiffedlebdiinidt of e Présentink¥RichNEriNRS entering
through the heater. However, it has been found that

d ecgphoneprint statipm 403, sybsitate 2425 iesposed be @ beat stabilizatiomprocess, by

[ | strati foj-N{ - [ 4 C .
B s R s S8y v e
s tempuredbatselestrata R 420ekped ehdesmitiniine iynensiondlr di§tertion during the web
printing. As wll be explained hereinafter

| n the
priSERREIPIOGSRT Where tappqradeasiop Retwepn d AR and, heq°Catt éenions up to 165 N
h i- 1 .
LT LRk D A5 MG 110G AR T D
prdriveithgwsb &peugh the bagtep Holever i laxbeeli foand that Bespite this heat

supstrate is al so kept under tensjon (typically around

T SSRITAR Rl B St Ros BB S oDt e qeBap D can occur
t NagsigfbadbMRMre. Thes, Qo aitioRhelepiia8 $8QHinkrb@icl Immediately
and_pl aci ng under tension has greatly reduced the

v aricate prsting, 4y Wil be explainedhdreinafierdin thepresomditiotiang step (section

r ield. 1n one e dj of the
| i Bt B ego 8 oL R AR STRI) et Him any
t ag@péaturé it cacdudesrs diagnie Ilatbh’ﬁrintih?lstdp&. Thdie PeTErrddémibodiment
107 wusing splicing tape such as, for exanple, PS-1
S svbitjainglse ken undsidensiemaymiedh arpucsFa APelorio tier
G - $: ' ' . epict i .
CoRURn R ) o PSR L A SR i
acndpiicing wmlepteasionhas ety rediicddtbe pakstint in prugitdistfation and
In FI G , ection 1 i.s.ap unwi nder unit_ 101.
EFRHSH T fep e DioaF 4" T P bBmenks hegienfon, rols of
arsaBstrat342 zgrbrsélticea%%éiﬁer% bithe? YA wirRied %ﬁft 81 or rewinder unit 107
accunmul ator 203. In FIG 2A, section IS pre-

using splicing tape such as, for example, PS-1 Splicing Flat-back Paper Tape from

Intertape Polymer Group.

[0035] FIG. 2A is a schematic diagram depicting section 1 and section 2 of a web
printing process according to one embodiment of the present invention. In FIG. 2A,
section 1 is an unwinder unit 101. Unwinder unit 101 includes first arbor 200, second

arbor 201, first splice unit 202, and first accumulator 203. In FIG. 2A, section 2 is pre-
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5 WO 2004/ 039897 PCT/ GB2003/ 004689 conditi oni ng
Station 102. Pre-conditioning Station 102 i ncl udes

wo poog3wsbrani ng unit 204, second splice unit POBGBRI0GI04689
typically is not used, inbound nip roller 206, second
cleaning unit 207, load cell 208, first print roller
209, first drive roller 210 and first drier zone 211.
[0036] In the enbodi nent of the invention illustrated
in FIG 2A, unwi nder unit 101 consists of, for
exanpl e, a Martin Unw nder/Automatic Splice mhich 'S
used to .facilitate the continuous novenen

sutpditiogningotion Q2. pl?re-ceaﬁrapmnarﬁtﬁ@nskoatm@ﬁdef@st dlepaing unit 204,
{
a 483 QticBlnRBBS WA Blok P RMor HI A8End RiplrafdbdBYecond

irst unwn a sec unw h
ar deamﬁg)ﬂmt BQSI doddnadl 2&)8 ﬁrsbpmnmﬂercﬂ(lgoﬁh;e dried¢ milee?] 0 and first
9 Fi rst unvvi nd arbor 200 holds a roll of
su@?FFQF% terial 242 and continuously feeds
substrate 242 into pre-conditioning station 102 of
section 2. Second unw nd arbor 201 hol ds a standby
[0036bl | of h?sthbsmbadielezwf thetinshtios ilagtrated in Bl 12A, spvigledunit 101

ARG sbibien ey OB R A e e i yoso

subsiliat &e%ﬁtmﬁdﬁs&n&%ﬁiehﬂb%s@c{t@ 083 firtd ﬁfée@)tlﬁltfo‘hﬁ@ statlon 102
first unwind arbor 200 to second unwi nd arbor 201

s ubrder at@smtc’e‘ rapnuoxawelmﬁom dinwmdersynst KY may include a ﬁrst unwind

pr ﬁgg{fd '&ea ec?xpgéﬁémg\a bi af\]%teztﬁgt alndborI cséﬁ 6{18% ¢ referred to as

the's O pre- con |on|

st ainandrell Oersm fung@el arbor ZJ)OMuldl@ follieof3pbitatdvgate sl BRI a0
t akes, pla%e in first I%Ellce un|t 202 (during which
tg ’gﬁd’

t i REUBeYSLY freds substratg A ifo RFpesn W%ﬂa@@c figpctionc. Second
arﬂﬁ{rlnagilbo"i%@l ﬁf)]ﬂts 'a%%ﬁy roIT%uP&HtQ%f WAL al ?)ﬁrga}lcally spliced

butt splice wt I"engt o ice tage on el
si Weheénd tftheadlbof ubstadte LHZ ﬁpm fiist udwind ather 200 exsusing @ semi-
qual it appr.oxi.mat el of r|nted substrat e_naype )
o Sl P e Teh it B cpRhindbot Bracee et aom Hrst unwind
ar 206r 2o s8hdBGARE abByR(d A@&lﬂ)@&atg Qdatdr h&é&ﬁﬁnéﬁ&bzm stores a

edge gui des_(not shown) which guide substrate 2
| nergd¢iprgnedisngiheot @nbatrazfo’éﬂrz andehsp@nsee dlagestopgid delsshatee242 into pre-

%&gﬁfé&sr&%& \ﬁ[elz)HZfol S8 1Sotnr2f Yvﬁ%ez %g% \(l)\%eFrd ol t]g.ges pﬁace in first

Ty@heahhiy 200 aimghw}ﬁeh ﬁfnelbbfh the ‘ﬁ@éttlmﬁzlihd &b&€E100HAdIsecond unwind
produce between 2 and 10 and nore usually 6 rolls of

suBer Al carg ptatipgarph d he splice qoepted iy @é)élﬁﬁph?ﬁ wih gd¢ngiisof splice tape
c 05}{]8 Gide B 12 FRBGAY ﬁ{é oy pﬂ{ (?{'d&f toe 5]6?3 g&ﬁlty ua.lggleommately 10m

sto e used I's no usua
Hoa@rmted fubstrath malym déseanded eﬂhm;idesdfahe phize. Fistwiiwgid &bor 200
limited amount . of 5'[3 . . i
and second unwind arbor 201 includes web edge guides (not shown) which guide
substrate 242 into first splice unit 202. The web edge guides are adapted to prevent

substrate 242 from wandering as it is being fed into first splice unit 202.

[0037] Typically the machine of the invention is set up to produce between 2 and 10
and more usually 6 rolls of substrate at any one time. For those print stations connected
to a continuous supply of ink, the number of rolls to be used is not usually a problem.
However, for the two enzyme print stations, to which a limited amount of ink is

supplied, the number of rolls to be used is an important input parameter. Indeed the
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supplied, the nunber of rolls to be used is an
i nportant input paraneter. |Indeed the 6 WD 2004/ 039897
weRONAGBROD3/ 004689 nunber of rolls to be usedPCT/GB2003/004689
determ nes the anobunt of ink placed on the screen
prior to start of the printing process. For exanple
for a 6 roll run, 6 (or rather just nore 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 enzynme ink needs to be kept in
readlness for rinting throughout the print run to
megtber @Emas sq esed [determings gie Wﬁef ivls dlaces en fprojcgeen prior to
g (fo the T 'rp)(t:esg Y eécu%?fe fop%‘ o L, ? éﬁcxﬁﬂlegfﬁ%ore than 6)

scree e enzyne pr

t Kalls ok bf éﬁyﬁi&mﬁ ﬁﬁi.plicedfon&hé! yareeni prior ¢@thelsearbaltjathting in each
the screen wi.thout requirin the scgeﬁn to b tgﬁped, ]
upptgertiong > and Gn Tane the srymedik pergispie or printing

s%%%t%@eﬁ%ﬁ?&%@%’ﬁ‘%@“?%%%’%@? eﬁg‘éﬁﬂﬁeﬁh‘“@ lfe of

ofth¢ péntpue.si mtallilray bedr piaqedsabbstt masazreaﬂm ths ehzymie privlisstations to

a tensjon o rOXI 165N t hr,0

® e thal A QAR AGPGHRT (e o e o 4R bo B ergen ihout
| a¥@kisng thelrdeh t@t@f@&é&/@p Gaig/a hﬁeanaramtreamg%e sk OPthe
toIerance S e substrate 242 is al so

s uinzwoe sk Q\@rﬂwmgm@ sceeppand ontoctbe pich ulgstateunpiag below it.)
order to dry the printed inks during each printing
step. Due to this tension and tenperature, there

[0038RYbe antonseameyinidit oSMhb pidsaiitdnvdhdioh Subktifé 240 Brheld under a
expand during the process and consequently fal

o@@lmoﬁmrm@@a@tw HShothreughentethe mrocesyde egler fompinaya registration
prqztﬁtl" a{y'gr"s bk | °”%e8r(ta\{§}caﬁ§r A prlrl f%ét&hgﬁtcﬁ&%na{‘@ 300pm).

run run

| R 5ub§’€?a‘-’ze Mfs%@do%@}ébt%d ad tlaridug h@hpdriares ©F l]hd °®er less in order to
t ol er at ed. q{OOSQ In the enbodi mrent of the invention

i |dry fﬁ,he(mlg inks ping eagh psiating sigp-2Dpe tqithbsr tgnsion and temperature,
g(e}%lgﬂetxﬁagmenzgteﬁ&&tc ok S:!]B%Patg L) &Oéﬁ%h&' ek g&d%ﬁfﬂ%%he process and

or e I mage s printed onto t trat
swmmemﬁm dussigh the cegistration hadrahce. hmad ¢hetihmge nize wériation

of _expansion and, stre Wi t hin subsequent. sect
of TR STEHAgS 9REDE Sl g tw%ﬂmw%\@%ﬁwﬁaﬁﬁwmﬂm
S URSivelsGin ﬁ&%l&mgwmgﬁ&tmmuﬁdﬁemﬂrae@ndl tioning

station canh heat substrate 242 to a tenperature,
which is not exceeded in the subsequent print steps

003D’ 2t e B B ARSI e B e B B pre-
anQmiRionBFREAONED. PrEcERIMHADHICRE bt bR inkéhe i #Anted onto the

heat substrate 242 to a tenperature sufficient to
r eywbsizate.nSubistipie2d2ds preeconditionedtoredwgedhoampunteof gapansion and

agsat\riePch within subsequent sections of the web process and also to aid the registration of
substrate 242 through sections 3-6. Preconditioning station can heat substrate 242 to a
temperature, which is not exceeded in the subsequent print steps. Typically this takes
place under tension of between 150 and 180N more typically around 165N. However,
in another embodiment pre-conditioning station 102 can heat substrate 242 to a
temperature sufficient to remove the irreversible stretch from substrate 242, again

optionally while under tension as described above.



optionally while under tension as descri bed above. 7

WO 2004/ 039897 PCT/ GB2003/ 004689 [00401 In one
wepdvaaszasent of the invention, the substrate i sPEEGB2@3/004689

to approximately 160 C in the preconditioning zone

211, which is illustrated in nore detail in FIG 11

As expl ai ned above, in one enbodi nent of the present

invention, the tenperature to which substrate 242 is

heated in pre-conditioning station 102 is not nmet or

exceeded during subsequent processing of substrate

242, incl udi ng@s.ubse%uen.t dryi ng@steps. . Subsequent
[0040h i nt pn eeeembedimgyt eidhpiaveniian, fssubsiateisihgaied Jo apprepamately

i e t i . .
B0 Rl R SRR Ao 301 S B B8l i i 1.
S Irfisgﬁxplaynddabgﬁ, fhs bm&hlroﬁl?bﬁ@ftbé mgse(nt ¥mentabﬂ yl_aeﬂ{,éﬁlpeﬂa?ne to

t e,lrectlon O1 trave (0] the. we .. rovi siton o
neig i BeRe %lsa@aﬁ@fie%wmﬁe&nmg&%@ﬂ@%g%ﬁ%ttra?@r Exgpeded
t ﬁaﬁﬁngng&dbgfg%nv%b&@i@%fgma&rz4as in_%ﬁﬁidg\%ﬂ?%ég&tent drying steps.

acco a varratron in inage size

r Spbssjuan prinepocessestnay cothpersate Her the klaghitlyd apee anhagsfdue to

the screen and the web. _Nevertheless, there.is a ..

| lEPEhig S RS oA e e Bng R g2 o dpE gison ofa
bQyigRAFRfIP dRE G scrddn iz (fypRdafll 9%6umB iR HRI BRIcBod Bf travel of the
precondi t1on the substrat’e as described herein

r ety Thy provasion of aéw sceagpesas bz probianaask Qiher padmeierscan

the variation.in said. i e ,size incgrease.. [00411 In .
o e BB VG b FRGa AR TBPIY & atishomin hage size
PREHAN AR tRIstbat 5t ab e RlatiQe speedlofdRsscridiahd aRakeb.
el ements, which performfunctions, which facilitate
pMNspyerthelegsethateiio a liofit te theameent of Foegersizegvapiatior it can be

accordi ng .t h resent i nvention. Jn e- .
corgrenafd §RpOEE3E Ploerie bRondi RublhE substis s described
Uhiefein reduting $iie lefdliniige B2k inc2éide anbreducifg @@hriation in said image
cl eaning unit 207 which clean the top and undersi de of
SEFStIREPBC242. First cleaning unit 204 and second
cl eaning unit 207 use tacky adhesive coated rollers to
renmove particulates fromsubstrate 242 prior to any

[00413r i nt i Ag oa¢ epbodiireat ofthe presery invehtion, Hotcoralitidagng §tation 102 also

N O e e

Kigperash B8 %R0 thanh BRRIRAG préteks ZQ8rdin t@&h@ﬁﬁ%ﬂt $avefition. In pre-
cl eaner comrercially avail able from Teknek.

Preenditinufing uoitil A3, therstaroivo welpclbaningenits, a firsl ¢bsningvoit?@4 and a

A T PSR RS
( ThQ&ire vl d04 ahd 8edodd TicahinBhIveON ukéHaBkshhesive coated rollers to

remove particulates from substrate 242 prior to any printing step. First cleaning unit

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

enzyme print station 106 in section 6 at a constant rate by outbound nip roller 238.
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nip roller 206 and outbound nip roller 238). |nbound
nip roller 206 is linked via a control system (not

W@ baw}Ishd | oad cell 208. Substrate 242 is renPUEGBRI06/0V4689
second enzyne print station 106 in section 6 at a
constant rate by outbound nip roller 238. 8 WO
2004/ 039897 PCT/ GB2003/ 004689 Load cell 208 in
Section 2 neasures the tension of substrate 242 when
it is moving through the web process according to the
present invention. Inbound nip roller 206 adjusts its
speed inmfrder to control the tension _ a

t
pr boRdt el 3R Seeifonyomsesures the fspsign of g&a@e@%@ vhepd ig ooving
o Rk e S P e bR abrdsin i 206

anaidjnsis #s syred i omlat foycotGOINhe eniitd st a predeteimined set point. A typical
enmbqdj nent the tension i.s approxi matel y|.65N. [0042], . )

| REe nlonds et LR AT DD EOHnE B GHsght nvention
seGbiRbhpphtiaely 1IS0NI0AROR anWefbre g¢é&iﬁdag£/969m§ $70N, in this
according to the present invention. 1n FI 2B,

s eemberingni the tengiobananproximateldiodSdn 103. Prior to

printing (a cleaning systemis installed (avail able
from Meech), which cleans the top side (print side)

[0042nd UNJBIG.i28eis @fschédigatiltisdrimidepi¢th Sectidn Ba63e¢tbh ARHd section 5 of a
brush system the top brush and vacuum station 251 and

boVED RIBHREPIOCEss dospading ir the present inwmntigne InFie B, sectiond is
. . .\ .at i 5 )
anglH& gm%@@aﬁtoﬁ @O?{ gfigr t?:h%gﬁgrfe%ﬁgﬁé %}%&:{% ?stlﬁsetalled (available

contacts the subs
c hfrbindde¢ohl),| velicl? diRamsrtbe fopaida(paniside) 243 uaddlside of the substrate using

St Vet bl i e
SURRE v REEm! sPRTBH 230 ﬁié_/of?sfle% f%rontg:alﬁrﬁ%tﬁ&b ghHE %rp%rﬁé(ﬂ it H%glém station

pre- conditioning unit on print station
i N304, dentadts thetsubstratd mamediatelrprivt 29 theebidled roliardl Audrmslt aecumulator

< 2P R Rt aghesb Fepotpirier 4Pt Biles The iereide brush and
S egantmEition®@3 1] @nkRfs B4 SubstritelitieneaHaQd hifBithe SlbsthR exits the pre-

invention illustrated in FIG 2B, section 4 is
i neudiiquing Wiy 2. Gaseeroprint gtption 493 ineludes firss chitted roller 212, second

st atl kN -1.hi [ al L er . thi,rgd.
LB 0G RS A0 BPERSLor 18 skl e ot
vi 316 firs dnisorond22 7 ahd ssdond chitlgd sdllea R @.NInShs @B iRt of the

shown) at_position_ 237A, third drive roller 223 and .
s ey rtfiogriflasiraiedia 136428, sqotrancd 1sdmsulafiontrish statipn 194 ripsulation

e tatfoh 164 Hchlded trirPvin &d z |

T oB TRt T4 Richldep hist e b, 07U Ablftlaf 350, Wid print

acolieu?2it, secoB@ Gjsidnmensdr 202 fivst Y abgdistratida dystemi(noct showhpak position

se r 228, .secqand regi stration syst at 237B. .

ot A il #2SRec R it 295 WG U e 5 is fist

ZOélryme print station 105. First enzyme print station 105 includes fourth chilled roller
225, fourth accumulator 226, fourth print roller 227, third vision sensor 228, second Y

registration system, at 237B (not shown), fourth drive roller 229 and third drier zone
230.

[0043] In a process according to the present invention, section 3 of the web
manufacturing process is where carbon printing takes place. Of course, as will be

appreciated by those skilled in the art, the number and type of printing processes can be

9



230. [0043] In a process according to the present
i nvention, section 3 of the web manufacturing process

WO 200mi0d98e7 car bon printing takes place. O courBE&l/GB2003/004689
will be appreciated by those skilled in the art, the
nunber and type of printing processes can be 9 WO
2004/ 039897 PCT/ GB2003/ 004689 varied w t hout
departing fromthe invention in its broadest context.
For exanple, two carbon prints may be provi ded or one
or nore prints with carbon with netallic particles,
S|Iver/3|lver chloride ink or gold or palladium based
i niasiedayithont depagingdrom thpipyention iv jta broades cpalgel Forexample, two
el Q ent
| a‘%géo;n m}ﬁmn%glbe PIRIRddor 33*8 or h@?&#&hs Wi '&fo mctallic

of paiigles lsﬂV@mﬂvéﬂUhldﬁﬂeﬁﬁk of gold epp@lla‘dimm basred uhl@)m@ béi‘ﬁsed to
vvellwgs i n_ ot her_ par.anet rs apparent to those skilled
€

i rPrpvige apelectrpdslayerdn tipghenaicglssnsqrpe fhomsulption prd reagent
S e e e

i ndeposition andalalyeut as rwellt adn othiet paramgtess:ammrenpta thbsemkﬂled in the art

h or?aﬁi C ﬁO[{EO Elts ed Qr%mg S?cm%# g'%ﬁst ation 1g%orthe

S Uél&é@cﬁerﬁfchmen%rﬁﬁaﬁﬁfa@&%lf ﬂ'a@ébr&ﬁlc%hﬁth 1RE ?ﬁ%@ﬁt invention may be
i nvention includes a screen 301, lower prin

3 Q?Iantgi utilizing$dresn-B0BingaThe basid copipauients oﬁ theacadxqm@elge gtation 103
| 606, .|
kel UG SRRy PR liaf R o e

Scp:e@m ﬁ%ntucﬁl atlugesesoaddny3 0l | Rivet prist fodst 303) pﬁﬂﬂouer 600, a flood
typically conprises a nesh arranged to rovid

nelgjada @3, apqeasgcahaldes oS d@é narse@eege@ﬁ% qarhom mmt station 103, print
SPLP)H%IF%)Q& 8 S\%Jb?xﬁ E)ﬁﬁpxi Eﬁ@ldz % ?tylgy gp %énera(ﬂyf’ba'? Qonstruction and
detfypicaiyl c&hph@m lamemhtanaﬁgﬁ tf) bﬁiw&é?ﬂ@ahﬁe bhthe wetinghit d@ired
the ink. (this . is especially true for t enzyme_ prin

st G15kon fpkih Abplicditp T ety Bt urgs gingnat this stage

e t t
e B Ridcmiy 6o At il PO o 1 PEDCINE FEfiPofthe ink
s oftlge ipeaspearal bi ET@G fonéhe amkymh pougtiershe widhalbofthe lﬂk to be used

o Bt b inmenghron e Sally S5 ed On Rt af e o tsorint run)
byaridaué ﬁ@sﬁﬂyﬁaﬂﬁﬁeﬁ@ﬁw dd RHInB SRk ARBugP tHeHhesh Qtenil.

600, and |ower print roIIer 303, in first direction
608 which corresponds to the web nmovement of

[004@“bSt r aﬁxe ﬁ“’c%[ ca%fe sg’ 91 ace rdg}r?](\:/ee\gﬁlléﬁle?p?és%n S]{IP/ ' ?)(r:lt éﬁeen 3011is

07 opposi dlrec

f othatded wWitloiét eoycbbrenm@g Suetec®0d, flsodblad o603, 9ﬂi10roller 600, and

screen 301.
lower print roller 303, in first direction 608 which corresponds to the web movement of

r-»

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

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

[0045] In a subsequent print cycle process in accordance with the present invention, as
iltustrated in FIG. 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

10



[ 00451 In a subsequent print cycle process in
accordance with the present invention, as illustrated

WO p00E0E3897, squeegee 606 transfers ink 604 thrpCmybBRive/004689
screen 301 and onto substrate 242. During the print
cycl e, the squeegee 606, flood blade 603, print roller
600, and lower print roller 303 all nove in second
direction 607 which is opposite to the web novenent
of substrate 242. Screen 301 is noved in first
direction 608 which 10 WO 2004/ 039897
PCT/ GB2003/ 004689 corresponds to _the noveneg
sfegesnends tohe weh moyemept of subylzate 2gh @Féh? mntfmleu@ere ink 604 is

D4R S S0P A AL i v

| rthet Meaxa}m movesdh ilersans difectioveds thel b sabstratd attthesasmene very

éigyl ot %gp qjlg%?tg% aq)gtrpl)% efl]lea 121%J gq, £a?1%1a ly Eat when at rest
a | i inid3e HSE phihell By Hedd¥ 6080w aHE BRSFPRL oming slightly
towar ds the meb becon1ng slightly distorted as this
haligterted asttisdhabpensand abbsjantiety retiming to it’s oxginal hiapradnce the
renove The

hap
2(?% %.ggﬂ gﬁ%{fefgmloxgtf e@'geos‘gbegggpg %laﬁnrrge}/es I the oHpﬁgl{e difbotion to the
S sabdtfadd & i refoaliéd with aadewl tehdyfor ke RR 4 pAigiedilel Whdd e ink is

next print cycle. Wen the ink is | oaded onto the

sdpadef optrithe ﬁeemﬁ@hthemelglﬁ@f ithednkaayeyer sesdightly hprd the screen.
DAL LAt 36] dtan gﬁﬁ‘gd@ t"i%ggéax%i 6{8'o B¢ 'v%btag if18%es the

diTection o as

proriit statied.i Ohis afrahgengdnk ethg engla beipg bepiediy] 2ol 100 to 30 degrees and
typically_around 10 t 30 degrees and . nore

S %ﬁefsp%raﬁva} yASYHL S1degires) waapvesipk slease figr thesergeonto the
de | m i gﬁlﬁ{)@fg@ it Qe n h&bil " PN Qoddltd Rlbstrate angle,

epro uci |ty he s een to
S Lsge¢aged angle) gtreen tosaqu%greéslam@, squesgeede prittaolerpesie snap

i Bteg eafty Spgto il o Sisp i P 5 s R le used o

S HeRRBIAAdRDBMSA (Be Bt Prifl AeHSBiEO bl conSiBlch®) ac®d¥d a card (One
optim ze the resultant print definition and

c smaftodimaendypf aseisss penting meghonism erd@mheré i mofe detaibindesyed U.S.

P el L2530 e M Sl e '

i ncorporated by reference herein. [00461 In
articular, in carbgon print station 103, the ink in
[004§ uest i di HaBicalasqinisarhonprint Hations Lodnshesnkin guestiph i earbon ink. An
CARARPIL S LG ASLERARIEIANbel, i spiogiment of
f | condatinvedtion] sdted@BO1[is ﬂoodddowm]s inkgp(elqptive geasihd) Squcegee 606 to

trans er. t.he ink 60 hr ou e scr.een d onto
Jrasienthe iply 504 %euggﬂrﬁﬁlﬁﬁea o subsfrgfsy déf&'s@rlp@é carbon
orhrew;ﬁ h%asge@ 88 shisstafe®2248 (1R dvil Rling | BF e£AR) ot a9t 140 °C

air at
directed onto the printed surface of the substrate using four separate drying banks

within the first drier zone217, which is illustrated in more detail in FIG. 12.

[0047] Once apprised of the present disclosure and the disclosure of provisional patent
application No. 60/436,683, which is hereby fully incorporated by reference, one
skilled in art will recognize that a variety of ink compositions (also referred to as inks

or carbon inks) can be utilized in processes for manufacturing electrochemical sensors
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directed onto the printed surface of the substrate

using four separate drying banks wthin the first
wa@lriogn3wone217, which is illustrated in nore JdBCEGB2008/004689

FIG 12. [00471 Once apprised of the present

di scl osure and the disclosure of provisional patent

application No. 60/436,683, which is hereby fully

i ncorporated by reference, one skilled in art wll

recogni ze that a variety of ink conpositions (also

referred to as inks or carbon inks) can be utilized

in processes for manufacturing el ectrochem cal _sensors

1{e-powebthasaygeersearredinng/thoaiommentigned proyjs t

pr. i

1 e e e s e

adeventon gretbasahdaotihie resvigaitoh thétdt Bpasentarlyidevieati¢ orenapley ink

based an the recognition that it is particularly )

d€eTPaBfiens BalREYide e o BN Elee oot AR urEe glypigeehemical

f QEnsdr B pods QY bEhTchdl Q8L ir8EneiBR MM YR} ER Characteristics (such as, for

el ectrochem cal sensor to possess benefici al

elezamplectiesticchbmimaticlpiigctértstics Hhnamessentisily epriyalent o those

for .ex I el ectrochem cal characteristics that.are

o ATFERY 3 bitglhppnfoninng rrorsetend a desisabls §vepeisoiat

Meuetractidatibdl GuFhQCRES radistame, eapdeifdntcaling stability) and (ii) is

overpotential, electrochem cal surface area, )

r eeipatible &vithagletively mglespegd goutintons wel) propgeping feyhiigues.

conpatible with relatively high-speed conti nuous web

processi ng techni ques. [0048] For an ink conposition

[0048]0 be @erpainkdenpusitionitb @b cematible arthi Higlobfeedebntinuous web

processi ng techni ques, the ink conposition should be

dioyegssung fechnigygs; ﬁvg gk pempesition shoyid) be draable b drying duration

| i3 . i .

S BACIRBEBERN, S sRoF M PHEnISS YRRERSs (G spot drying

6 Gluszion il fe. ragigeedt 3 sshards to 69 isegpndsi duch a shore doiingduration

B3 B A SRR R Bra b 5
[ i 3
CORUE P50 Ml BB MBS, VBRI, on s

f Gevdrbarying Eakigionk atOuseathbRiah teridekcyCOPRRSuEENS dofventional
bum and/or for a portion of a conventional ink

c dRpemPesHiPDs i bungand{os ferrpartion af @ Roryestional fuk enpysition that is
WOt %gil % HibsERE t O FLRA %n?ﬁ&f ﬁ&{ﬂ% Gk! B0 §8’%‘P§1§§% &t severe

r
drying con Ions and conventi onal cohposi
c alnying sonditions dodeohosmidhaldnk obmpositi@iseah et if eheformation of an

carbon el ectrode) with desirabl.e_ el ectrochem cal o

o 1REoAe (6 &1 9 garbon clgerods Wét,?l yndeyEhls drrochpical characteristics.
c o . | . i

CORASbre! UdTehtYdtaf ik &d@&*ﬁ@%@yg \%@gug}feltﬁ@ﬁs% rY8hi¥vely slow

slow drying conditions an ong dryl ng
duirang conditony. andapplatixelydorg gryiifg daratiomr(e.g., approximately 15 or more

minutes).

[0049] It has been unexpectedly determined that ink compositions according to the
present invention, which include graphite, carbon black, a resin and one or more
organic solvents, are particularly useful in the manufacturing of electrochemical
sensors. Ink compositions according to the present invention provide for a printed
electrode of a manufactured electrochemical sensor to possess beneficial

electrochemical and physical characteristics. The ink compositions are also compatible
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m nutes). [0049] It has been unexpectedly determ ned
that ink conpositions according to the present
WO pwensdson, whi ch i nclude graphite, carbon bl aP&T/G&2003/004689
resin and one or nore organic solvents, are
particul arly useful in the manufacturing of
el ectrochem cal sensors. |Ink conpositions according
to the present invention provide for a printed
el ectrode of a manufactured el ectrochem cal sensor to
possess beneficial electrochem cal and physica

characteristics. The ink conpositions are also__ . L
cwithaelptyely high-sperdemuinggusysh provrssecdodmbpes gbhis gpmpatibility is

relatiyel i ah-.spe 3 . ' .
B R SR Nl RS A o e
r pisted Vil Yi.&] gintedeldaredde). Inyadditidn) é is péstelatedosthondbeing bound
e e oty 4B T B i B P

b ) . . e )
SRS e B BB ST Ay i i
conmposition that includes at | east one solvent of an

00S0EP2T PR B0 8o S0P Bl M AR o SRR ecording
agrLde ?ﬁ&sm ihPertiBR aR He@&abmbindEfich Mat Alveei PG AR sf%fhﬂﬁda to carbon
such that a weight ratio of graphite to carbon | ‘ack

i black itinghe rngelrbmohil 40 1:4and B weighidratio akthgivamrofigraphie and

P SR S s PR AATE o HEBR) B cntonce

| Bplimeaten wihin o thebioesmaitiohedradibs bitahafauRing Ridcaoekmical
ratios are the resulting el ectrochem cal surface

aFedaceges; prerpotental forrxidizingiapdey mediatasasiwd] anthe stability,

: Litve. resi ’ . ;
2Fbo e ShaNkpl oo itk BT CAREIAEGLO
It is envisioned that ink conpositions according to

he present inveption can be . used to manufacture .
19051} o1 bon 115 PRESERSH il SORpOsfight 16eHRE Rne gt vention can be
e &t o ERifacRHE Rarb6 A FRAY tHat Ldibe §P8lefifocHEREtal &nddt electrodes. Such
el ectrochem cal gl ucose biosensor, wherein a current .
i sarbop sidws eth ket used dows elasroqhemécal ghicoseridosensornaherictnpientrent is

of the asure urrent is,indicative.of a glucose ..
CHERNTET BT Sstap ROt abd s R St Bk nfaSiril 8oy s

C Mdibint ol a ghRofddddbntationC TUE adsaltHlcUnB®At can be linearly calibrated
concentration. A nethod of calibrating el ectrochem ca

) |
glteueepst 4 assemisoslycdss corcegtintione Aunathqst of calibraipg elegifochemical
¢ %%sé’\q)igggngo .i%f%l e%ﬁ@ﬂu?' 12 Bﬁ%q'atiérpcod\é@gﬁt!ﬂirf%calibration space, in
particular calibration code I'S associated W a
divdg¢ted partibulpecatibehtiontcode BRissqedited witharditrqaslbpe aldintercept pair.

| ot of e]ectrochen cal sensors, a measur(iad current
obiepapaskisylaplot of electrochemical sensors, a measured current output may be

mathematically transformed into an accurate glucose concentration by subtracting an

intercept value from the measured current output and then dividing by the slope value.

[0052] It should be noted that the measured current output, slope and intercept values
can be influenced by the electrochemical surface area, overpotential for oxidizing a
redox mediator, as well as the stability, resistance, and capacitance of the carbon film

that serves as the electrochemical sensor electrode. Therefore, the weight ratio of
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mat hematically transforned into an accurate gl ucose
concentration by subtracting an intercept value from

w0 b@4osmsur ed current output and then divi di ngP@GBR@®3/004689
sl ope value. [0052] It should be noted that the
nmeasured current output, slope and intercept val ues
can be influenced by the el ectrochem cal surface area,
overpotential for oxidizing a redox mediator, as well
as the stability, resistance, and capacitance of the
carbon film that serves as the el ectrochem cal sensor
el ectrode. Therefore, the melght ratio_of 13 WO

2 (aphitpde 97rbprblackand weaht e of fhepmm phephiteandsrbon black to
f
carr%%o § glgﬁ%c K?%Ed F(gél%ogl&c%gn& ee%%tﬂkgngggé&?%h g r%g%gg%ts'a

desired range of sl opes and intercepts. [0053] Any

[0051?]&: |t ?2%}%%%@@6&:@ é:ar Qﬂ'g’h%&g&g%%‘ fﬂt%g sk?f]ed in the art can be
C 0
B 8 S P, .
f marlumd:ﬂptkewﬁli @ surbackGOe: oi2 fog cksmplenz? tl 10003u Vg akgeaerallm suitable
I te.conduct i

geRdraR o R iR Ade R Pae S T arssal B spnduetivity of the

| NGFIRAS Sk inbRadel ilkl the Y EEARR a?éa%d%ﬂ@laﬁvél?'hi’éﬂ dbRkctivity
hi gh conductivity carbon black can be beneficial in

t @an@rdﬂaqkr epibgibeeftrialiin 4sms of praviding Hesiablel electrochemical
Ef*a? ]Fegf gg'st '(St?l a? cEen%H@sr &Cct onsr}léccl‘(sth%f gés% e%la%é in the

esi ra use I n esen nven

arﬁe&ﬁnﬂﬁv@ﬂﬁﬂiﬁé hightcwndlll@iﬁlts,ullof’vl)d’uli@ﬁ ebret, IOIWQWﬂchﬂhthnunatlon
contan1nat|on and easy disp b|||ty Sui tab

sylispsesabiilify) Jyiable e@rbala blaﬁ‘éﬁt inpluge.tba ategiot m@d 0, Vulcan

L

O (aesildbjepiem Fevalas)o dthed typeﬁrdfmarﬁainaﬁ’lcaﬂ)baﬂalachyhdn enay be suitable

( tpi et marRteaet Pecki R R BT o ook ex (vailabl
Ca@&h)CabM;,gMiogﬁla(‘é% aﬁﬁl ﬁorﬁ r(,(hﬁb@albféhhh mﬁﬁﬂg from Cabot), Emperor

(avai | abl & from Cabot), Enperor éavallable rom

Ca(bml)ableF@galCa(oat),aRcab (zé/aﬂa‘tdmﬁ@ab #hot), Umited gavailable from Cabot),

CAy R R EeR! Cabuf Kb Fir e ip b g aitable
f 1 o HEdtjes Bl tsubidHi Tolaiedtive CoiisbHCBIavIE (Fall 4 frBhAlitsubishi

(avail able from M tsubishi ~ Chem cal), Shaw ni gan

Bl Glswical).Shaminisar Blgek vailakla fom Cheen Bhiblis(hemical Company

OOWa ndngke m C a@g‘[ﬁ%&é ﬁém)(éalg%%/ ﬁﬁm‘gar%eﬁﬁ?a%‘/ ). Suitable

I ngapldees idiideabet ap@hot limitédw, Tﬁnexﬁ(ﬂb&cdfﬁoﬂ@vﬁmm@ﬁom G&S
(available from G&S. Inorganic). The parti cI e size
griagraapie).c Bhe patticle size o graphite ciebederexsmpl befuen §1and 500 pm,

but more preferably can be 15 pm. Other types of graphite that may be suitable for the
present invention are Timrex KS6 to Timrex KS500 where the number following the
term KS represent the particle size in units of microns. Other characteristics of graphite
that are desirable for use in the present invention are high conductivity, low ash

content, low sulfur content and low inorganic impurities.

[0054] In general, the surface area of graphite is much less than the surface area of

carbon black by virtue of graphite’s non-porous nature. For example, the surface area
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but nore preferably can be 15 m O her types of
graphite that may be suitable for the present

WO pooeg0sdson are Tinrex KS6 to Tinrex KS500 wherBCT/682003/004689
nunber following the termKS represent the particle
size in units of mcrons. Qher characteristics of
graphite that are desirable for use in the present
i nvention are high conductivity, Iow ash content, |ow
sul fur content and low inorganic inpurities. [0054] In
general, the surface area of graphite is nmuch | ess
than the surface area o capbon bl ack by virtue, of

;
gr&iphimrex KSho i approxa@ateht 17 @ /grdbis ieqnpedwithow beinerbouad that the

ar / 4 / i

158 )L OB BIA TR 080 T B
be¢lagrdndrandfer hadpetties of elsetrafes graapfactueed wsingithe ink compositions.
conposi tions according to the present _inyentiqn,. .
orHONERS A ptinp el wright Rerognlzesof srban black ds hgeded in the ink

el QahfRARD iBRIt: 8 indfeast UE bD&kall REnduekiviy BP®RIAK &i8position.
However, an optim zed wei ght percentage of carbon

bl @therwise,rtbeuzedofi gnanbite alome wapddresslt it @filor havingeveryhigh electrode
increase the overall conductivity of the ink

coﬁ%g t$on. O herwi se, the use of graphi te al one

woul d result in a filmhaving a very high el ectrode

resi stance. [0055] The el ectrochenm cal surface area of
[0053] car bohbetleetrachamicahsirfasp pies ofip carhen clsstredomay fepresent the

C t j i '
e G165 6 1AbASRIL SRR, HFaltl
ha?lmphae,ytb:ﬁﬂ afié garbessblatk Cﬁichvﬁwamﬁﬁgd@n@s of llttbll&iucti\éity and, thus,
i nfl uence, the proportion of the geonetric el ectrode .

ar BRluencsthe proppRion of thsgeemetiq slectrage aees i pap pagicipate in the

megy: . ' .
o A of Wi HRORT TG SeoBl i {IEHRIEIRA TEARAGROME Srdad a carbon
| i ejectcbdedingglieexpBreitio atlipidbangile.oSmceatiteal¢ctiod¢ imaterial €re., an ink
ink conposition us t o manuf acture.an el ectrode) ¢ .
SRRt WA A PSP e bRV f Ry RRE o tRerein, the
ar gactifitfieMfoabaeh hRl beRARIENEaD#RERbMeEicH &2 Inlglneral, the current
general, the current output of a glucose biosensor is

di peipet of aglegese biogenspr isdlirepily propextiosalie iheeectenghe¢misel surface

ar §3a. %ﬁ&%ﬁ)fré),rv%naﬁlo ls it {Heoeli]ésc{:xJ Qhéﬁ%%aleshxetgég 0851 Ha! Enaﬂ ence the slope
surtace area’may i nfluence ReS ope ghd rhte ceﬁf(ﬁ

t hanihtigepeobihe phredsy biofd®u®] The stability of a

carbon el ectrode is inportant in designing robust

gl ucose biosensors which are useful to diabetic

00" 5, 4. ARG SHAD ULl BRI BB o
enbiosénsgrstwiath aefukéefol lentdiatetib weers. In general, stability of a carbon electrode
can be optimized by choosing an appropriate resin and ensuring that sufficient solvent
is removed from the carbon electrode during drying. It is possible that insufficiently
dried carbon electrode can outgas solvent during its storage and thus cause a change in

the performance of the resulting glucose biosensor. Furthermore, the stability of the

carbon electrode may influence the slope and intercept of the glucose biosensor.

[0057] The resistance and capacitance are intrinsic properties of a carbon electrode and
are strongly dependent of the proportions of carbon black, graphite, and resin within the

carbon electrode. For example, the resistance of a carbon electrode will increase when
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Is renoved fromthe carbon electrode during drying. It
is possible that insufficiently dried carbon
We@b@enswsee can outgas solvent during its storaper/aBeo3/004689
thus cause a change in the performance of the
resul ting glucose biosensor. Furthernore, the
stability of the carbon electrode may influence the
sl ope and intercept of the glucose biosensor. [0057]
The resistance and capacitance are intrinsic
properties of a carbon electrode and are strongly

dependent of the_ proportions of carbon bl ack
adpahqr@rom@orr efsierinOr grApRite isised it e flestrade’s fumulatigp. The

R i

hitgbeehs@ bepsse bﬂﬂle(mhcdilﬁﬁén?.aiﬁd R degbetwedisa tef@enderelé¢dede and a
el ectrode's for | ati on. reS|s ance. of

e|wk¥xgc¢éeqss@9 ‘Fﬁ?éﬁﬁ’éal{cﬁ@ deppnd on thegbiligy of an
lslnueeﬁﬁel P RERPA at Qﬁeeeﬁ@desqﬁqolwﬁn&me ”ﬁﬁ@%&hﬁ@ioﬁ Bf such an

between a reference electrode and a work

e I 1emt: dodiele lémevvmlbpﬁhlenMe nogndmdesdfdle meaired ¢11rrea,ie pEerthin

on the, abil of .a i c doubl e r ,to form.at

o TSR 500y e ke SRS, b e BP0 Grhiof gty of the

| GBhie deasrehSyek ayﬁ&mvv'meréf&@ 1 RGestdes aﬁ@a@awme Qf alch®on

nmeasured current. Certain proportlons of “car bon

bl chestrodg earpinifiuenceahelslope i iatescapt RES elucosehioaenser. t he

ability of the 1ionic double layer to form Therefore,

the resi stance and capacitance of a carbon el ectrode
[oo581an i anlilﬂri eti16 afi leltpRoécHthicd seis6LPf a SlucésedheiSS8e system that

bi osensor. ngSS With respect to an el ectrochem ca

s dnelydesor warking @eatodssih i fosingple that a relatively lovppoteniiad bg applied to
VAhE Ao GohRKBeckddd if oftiEtd ARlifhiAd AL eﬁeét%'f%kid‘i’z%'b%

| ow p I'a app e sensor’'s work

el mtetﬁefmhees thatoarel efter mdugemaus 1@ physiolegitdshmpies. To achleve such a

bl terf t hat f t d
oy Rdpw ap eaifl fas bensboiah e D Tttt ront WPipgENgone
| MRS N forthed Edables RS lAEIAIL fétli‘@éyaﬁﬂaﬁ (&B(;tﬁéﬂ Iéﬁoxf 8diator) at

which the working electrode is forred enab
oxthd hlwashp@smbﬂeapo’tgusaé.n"i[hle cawbe actiesreds fod oxamlelm last mn;unamng the

west 033|bl can e a

¢ oty nsPS R B SRR anst Bt R B wafkh g Ecltode and
I efdttbéRmlideqor SheticiNnictdRRS]. Ch thistr¥@ed) it e beh Wetelnined that the
el ectrode and ferrocyani de (or other redox_ nediator).

| rratip o graphise @, carhonthlackjs evitiend inedefiniegi(ct Sraminimizing) 4b¢ o
of

O&F&?%u;aﬁﬁc:q&rg@fop { e&hg@g)rn og'tag%(ltl ceﬁ %dgkurlln%iz%bﬂ&ﬂ a5 d for
oxexdﬁtplleg ferfdcyanidetyiae elebe@tte«)ﬂtbei elattﬁcrchsmiﬂal ghisod, or
exanpl e, ferrocyanide by an el ectrode of the
el ectrochem cal sensor

[0059] For the above reason, ink compositions according to the present invention have

a ratio of graphite to carbon black that is in the range of from 4:1 to 1:4. Furthermore,

a particularly beneficial ratio of graphite to carbon black in terms of defining the
overpotential has been determined to be 2.62:1. It has also been determined that the
ratio of the sum of graphite and carbon black to resin also influences the overpotential
for oxidizing reduced redox mediator such as, for example, ferrocyanide. And it is for
this reason that the ratio of the sum of graphite and carbon black to resin is in a range of

from 10:1 to 1:1, with a particularly beneficial ratio being 2.9:1.
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[ 0059] For the above reason, ink conpositions
according to the present invention have a ratio of
w@er@phsase’ t o carbon black that is in the rangePOf/GBe@®A1004689

4:1 to 1:4. Furthernore, a particularly beneficial

ratio of graphite to carbon black in terns of defining

the overpotential has been determ ned to be 2.62: 1.

It has al so been determ ned that the ratio of the sum

of graphite and carbon black to resin also influences

the overpotential for oxidizing reduced redox

nmedi ator such as, for exanple, ferrocyanide. And it is

for this reason that the ratio of the sumof graphite
[0066Nd carpRiyelhaaipldyediif Bk cdnpositios hed@EnSto the pR&¥erdiGndention can

to 1:1, with a particularly beneficial ratio belng

2.l any suBablex@p0luiayaoeInepiilleddr de3uniodediag, hu@eolinité to,

resin.empl gyed in.ink conposjti.o accordi ng .t h

or SRR e For o Rl RPEACRBRCHS i fiahOf come sue
Onerpdlyirhdrasl VIAGH hé&isailable! frihh Waion Odrbidet Rekiili$ 8fplo9ed in the ink
terpolyners that conprise_ vinyl chloride, vinyl i
acemRositionds gibigdingrgeah and toclwip adherp carlanddpcknand graphite to a

v . . Iy Y o .

e RS P B R alsp Bl 8 il Blel ot e UdcBaghemicat
angnsor. Aeldjtiondlig rresioasuohas MAGH witlprgvidphletibilitptoathe printed film,

substrate (such as web substrate) during the .
nawﬁlﬁé& %Pé%é%@ﬁse_ﬁﬂ IeR cermDeHeIEE hpsedupeesyes where printed films
Adglhdt nRR bl wh& S Waand HED wi || provide

flexibility to the prlntegﬁﬁ} m which is especially
useful in a continuous web based processes where

rinted.fil nust . be stabl.e n rewound into a rol

10061 1t - s gt fcsobyeot BER i i formianites acoording to the
| nGkeRetveRtidn s aGERRASIIWIRBSHRGEDH i BEIHlCardd \WhicR heS $H example,
invention is a solvent in which the resin is soluble
amibeiling poinbig, the minge AP0 &C to 250YT.| Itaydgsorble that thetwiling point
r top - o b L esi.rable.that th ; .
b8 By ol 1207618 o o iyl Il T840y figp npoccor i a printed
i niakicempbgition filph G/hieh itk filngisdapesed @ a Bt tenfpeatiicioN 80 °C. Such
ink caonmposition filmwhen the filmis exposed to a .
d rrﬁpﬂd{'ﬁgéh%ﬁhgmtée gryimgprocesssguld capsgfhe pebtsH filig (i.e., printed
dumi . Ci o
£ iscbghe)3o ik DB SGTRE AU ool B RRLHEORY 1) Elfvent's boilng
s wpdiztae gwhiec tham@p05€, thedeisiarakltkat thd ink cemlpusition will not sufficiently

boj | i oi nt i reater than 250 C, there is a risk
¢ Ay R KRR oS BRe Y g SEmRT AT AATIA0 S angap aie flow of 60
what@xX RRSQRrdton ih Ye B4 60@@&5&1& §RORE 1868 sEcds.

140 C and an air flow o mnfor a duration In
the range of approxi mtely 30 seconds to 60 seconds.

[006%]006 21 ﬁ%&hﬁ%sk?v&ﬁ%h}éaga% If('&%%ﬁl%?é, afcgrrnblen):(i 0B loF r’ne&loxy propoxy

onbi nd
propanol (bis-(2-methoxypropyl) ether), isophorone (3,5,5-trimethyl-2-cyclohenex-1-

o

one) and diacetone alcohol (4-hydroxy-4-methyl-2-pentanone). It should be noted that
a combination of at least two solvents can be particularly beneficial because of a
possible decrease in boiling point of the aggregate solvent mixture, i.e., azeotrope
mixture. The use of isophorone alone can provide a carbon ink composition with
favorable electrical properties. However, the combination of isophorone with methoxy

propoxy propanol and diacetone alcohol can accelerate the drying of the carbon ink.
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propanol (bis-(2-methoxypropyl) ether), isophorone

(3,5,5-trinethyl -2-cycl ohenex-1- one) and di acetone
W@bk@alalsy1 4- hydr oxy- 4- met hyl - 2- pent anone) . |t BECDGBR00BO04689

noted that a conbination of at |east two sol vents can

be particularly beneficial because of a possible

decrease in boiling point of the aggregate sol vent

m xture, i.e., azeotrope m xture. The use of

i sophorone al one can provide a carbon ink conposition

with favorable electrical properties. However, the

conbi nati on of isophorone wth nethoxy propoxy
pOnsa apprised @f theaweseahdisdpspgmeof skiflda dearbgan qhﬁese other suitable

AT N A AT Y T —

di scl osure, one of skill |n the art can choose ot her
sui tabl.e solvents W|t erties . that ar

[0063} oprlrﬂarenmrﬂroars.as‘epg 5 "RebiRal EivERHion ey gajeral hgneficial
g \g@%gtrés'&aéglﬁg %eﬁlg'fa@dmn% %1%%&@&35 'f&"cﬁ@hiaﬁﬁfabﬁﬁﬁg of an

bene ial = properties |nclud|ng bei ng
f a:ktctrddcywrtb desirdble phrysicalbiandeel ¢éatrochémicalgproperti e r Thegnk fompositions

o een br BERLRRED hesenly 2 SSARLY i Rns AR are Msfdoreesqpepativi

b%@i{ mgﬁ-s?ééd(‘d@hﬁn&biis REBbLidsad ?M@éﬁén}%&é{(ﬁﬁl we®NHi dddafvs, the ink
are herefore, conpatib wi t'h hi gh-speed

c @ntnpnart;glss aleettsbleebie pmau’@gemﬁg of Bighty @ﬂmégctnrwarbon electrodes
ddij t L
it BB g WSRO AR A R R B b omge of 5

e \HRIRroNs €62 GudierbAd, ItMeéxhnile 10 @0@bns) of (e 1@1( corﬁp@‘sﬁ)tﬁtn isgmployed.
mnth a thickness in the range of 5 mcrons 20
gnoreghe g;@pﬁg@s@@nﬁpl@r(g Y teHicitsy blqdrﬂ(ell {0 substrate layers (and

YTV 08 RIS BB i e

s wbatposition degsara s¢lidify when used b Jong peagieinssereep psising), and are
aﬁ%?od rint quality and long screen life (i.e., the
' osition does not solidify when used for a
| ong period in screen printing), and are of |ow cost.
[ 0064] Suitable conductive ink that can be used,
[0064]nc| udeSuiteble cosdustive mﬂmﬂlafe@ntb@ usc,da indwde, tittik npelimited o, carbon

Bg{, ]#I cl SI I er/ ﬁ%}éﬁv?feclﬂk gg%ss | h%agféﬁ,[%g%sfd conductive

éh@@s accordrng to the present i nvention can be
prepared using any suitable ink preparation
t echni que i ncl udi ng techniques that are well known to

[006§] 232?} ¢ ik céﬁh&lm&{é %c?&é}ﬂlrgrto rﬁ)rg%%lt g@%@ﬂtbegﬁghp&f using any
3 Guitablé 4% prephrati welugdilte tachidisgteddaritudsshatard well kaswgeto those of

of 56 tp 64% One
skill in tﬁe art. %n one embodiment of the invention, the welght % of solids is in the

range of 36 to 44% and the weight % of solvent is in the range of 56 to 64%. One

factor which helps control the quality and thickness of an ink composition is viscosity.
It should be noted that the weight % of solids influences the viscosity of the ink. In one
embodiment of the current invention, the ink composition has a viscosity between 11 to
25 Pascal seconds at 50 RPM, and between 21 to 43 Pascal seconds at 10 RPM (25 °C).
Experimentally, it was found that inks with a weight % of solids in the range of 36% to
44% resulted in glucose biosensors having a relatively constant calibration slope when

preparing glucose biosensors using such inks (see graph below). It is possible that the
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factor which hel ps control the quality and thickness
of an ink conposition is viscosity. It should be

woeded3wshat t he wei ght % of solids influences PEEGB2003/004689

viscosity of the ink. In one enbodinent of the

current invention, the ink conposition has a viscosity
between 11 to 25 Pascal seconds at 50 RPM and
between 21 to 43 Pascal seconds at 10 RPM (25 O).
Experinmental ly, it was found that inks with a weight %
of solids in the range of 36%to 44%resulted in

gl ucose bi osensors _having a relatively constant

c

dnonsrakysh palirainm shppss was adpailt of g mergawiferm elestpdethickness

USLOG: [ elow). It is possible that
e B S S O0B) 004689 "mor et obuss
calibration slopes was a result of a nore uniform

| ectraoge, thi ckness resulting from.the optimzed .
10068]; < o 63720 BEER PR OF FRRRIE Bolitsh eSOl YiE DGR CAGH in an
bYoradi& bolés %QJS% '(1)1?9)5 %6?% %oﬁﬁeﬁ{&@‘bﬂoﬁoﬁnproﬁm,m.% g of isophorone

sol vent nade u : of met’hoxy proopox ]
praad &3l g of7digcetopendlcohobphoclosrsl vessal. Ne8Q 7J4qf of carbon black is

di acet one al.cohol jn a ¢l osed vessel. X 7 f .
cEEh REs R sl e e P8 thd S GResy 29 e Bty then
t helded asthd mirseE lfolldibdAS, @ixehg B P Blok&l veéisdlN eordefidassure

to the mxture, followed by mxing in_ the closed

v syEfigient bamegerizatiay, & fiple eoll milling & pasformedon e mixtyre fiollowed by

a . tri -roll mlling is performed on the m xture
forfl{;llg\%%’l y nmore mxing. Variation of slope with
|

total solid content [00671 a 0 027 nother w Q.025 +
enpodime "S 0. Owadiatith B sBgelwit totdPdolidddnte®- 019 ink 0. 017 06
U)| 0.015 conpositi 37 38 39 40 41 42 43 on ink Totaf0067]
solid @mtrent / % conpositi on for use in nother
mahuf@Glogs i ng dectrocperri cal sensors’accordi ng to the
pr eséshto.oizgy ention . embodime
08) 0.021 nt of an
>
3 0.019 ink
= 0.017 A
iti
2 0015 ; : : , | , composi
37 38 39 40 41 42 43 | onink
Total solid content / % compositi

on for use in manufacturing electrochemical sensors according to the present invention
includes (i) between approximately 17 and 21% by weight of graphite; (ii) between
approximately 6.5 and 8.0% by weight of carbon black; (iii) between approximately
12.4 to 15.2% by weight of a terpolymer resin that includes vinyl chloride, vinyl acetate
and vinyl alcohol; and (iv) between approximately 55.8 to 64.1% by weight of a
solvent mixture that includes isophorone, diacetone alcohol and methoxy propoxy

propanol.

[0068] The ink composition can be employed in the manufacturing of electrochemical

sensors by a variety of processes including, but not limited to, those described in
Provisional Patent Application No. 60/436,683. In this regard and referring to FIG. 23,

a process 2300 for manufacturing an electrochemical sensor includes transporting a
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includes (i) between approximately 17 and 21 % by

wei ght of graphite; (ii) between approxinmately 6.5
w@anw483896 by wei ght of carbon bl ack; (iii) betmeEGB2003/004689

approximately 12.4 to 15.2% by wei ght of a terpolyner

resin that includes vinyl chloride, vinyl acetate and

vi nyl al cohol; and (iv) between approximtely 55.8 to

64.1 % by wei ght of a solvent mxture that includes

i sophorone, diacetone al cohol and net hoxy propoxy

propanol . [00681 The ink conposition can be enpl oyed

in the manufacturing of electrochemcal_ sensors by a .

v atibsiraje Wb pash eblsas one papidating (apsat fordh in sten 2HE) tnasy printing at

t hose describ i 0 Proviisional Rat i CAhki .
RS BB L e by TP B i ion)
a THeqrBSing 2340l shed yfapplying aginkcompesitiow atwendingto the present
sensor_includes transporting a 19 WD 2004/ 039897 )
Patyention s fewabeababoyg ke thesubstiplt, ap aetiforth in e 2340 s illustrated at
pr . i . . :

DAd bl 380 6L LA 5y SRR AR RS B b

s (Hzsh apytledwe theatubsthate pirtemperstuae dDaps)ximaidhe 140 Y@ withgn airflow of

[ | | shed | yi . I.nk i t] .
e R R R
to the substrate, as set forth in step 2320. As

illustrated at step 2330, process 2300 al so includes
[0069 st ep @hcedppiisesl afiike prekent displosinei e skillad ih e arbwdhrecognize that

applied to the suhstrate, at tenperature of
PSSPt els e M el PEfi e rBtrongrp son bs
ONRcipRdhcd®bihg Methidis desordol irProvisiditl Patks: Agilicai@eNo.
may be 10 mimn [00691 Once apprised of the present
di %H&fs@% whighds brieby mgorneratedbingill byjrpfergnse.ogni ze t hat
processes according to the present invention,
i ncl udi ng process 2300, can be acconplished using
[0070%et hodsind@e @miboéiindnt oPthe prasennalenfiah epriorAp fiid casidnqiinting process

No. . .60/ 436, 683, jch is hereby incorporated jn ful
byAnddmgediniey .a?tgd%ﬁlgr B eﬁjr?q%é# St s cledptlor 212
| NYRh '.iso&isiygﬁéél & rapfily H601 SAESRAR PRIt bkl R RERATemPpE Sture,

i mredi at e after drying, substrate 242 is passed over

a tiypically wiond teagperatire §aroend18-3h’C nd typitedy JASSCt-d- 0.5 °C). In one
r api.dl cool. . substrate. 242 to a predet.erm ned ; .

¢ cmfeadmERt o the Ve WanYORR PISFSLESI I o ARTRtent igvsgion the
C suiflcé ¥PhisetdiNed dller S 2ts approRirkately!18 °ONFirsCHINE FFBeE 212 may
of the web manufacturing process according to the

priesseonied; th ap pppropriets éemparpieccusing, far exemplen factasy chibled aater at

2150b OB Rt s 1 SR L Gl o o e

f cindéotan@letpefatart OF hedhitbiyedhilléd witetA fier the printed carbon patterns are
deposited in the printing process, substrate 242 is passed over second chilled roller 218.
Reducing the temperature of substrate 242 and maintaining the temperature of substrate
242 is beneficial because cooler temperatures reduces the probability of ink drying on
the screens during printing and creating blocks in the mesh. The use of chilled rollers in
a web manufacturing process according to the present invention is also beneficial
because it reduces the amount of stretch in substrate 242, reducing registration

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

problems.
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around 7C. The tenperature of the roller can be
controlled by controlling the flowrate and/or the
wao esopesmdur e of the factory chilled water. AftBCT/GB2003/004689
printed carbon patterns are deposited in the printing
process, substrate 242 is passed over second chilled
roller 218. Reducing the tenperature of substrate 242
and mai ntaining the tenperature of substrate 242 is
benefici al because cool er tenperatures reduces the
probability of ink drying on the screens during
printing and creating blocks in the nmesh. The use of
[00711: hi | | ebh onsl dnetroslitent, dermppanainisf efdheiehiied pllstsds sontrolled

di i . .
R NN e B i
26(?{1trdl ﬁﬂ%ﬁhb Réhtdr v tehiterabite. DiigR hestBoddd chilléngibe (ﬂoll@s can be
nodi fy the process on the fly to conpensate for such

prisagad by smsoekifled i b9 oHdTonptir carpoBITOAEEED e yeiny for
f th hilled
rg’f%gﬁeeé@&g%n Bweéél%ﬁm%%@i@%%?bg a f:egblackel oop

nmeasuring the tenperature of the chilled roller and

controlling the water fl ow tenperature. Clh r ds
[0072h chi [ ?H@cﬁﬁ@%ﬂm& e thegress, ané(ﬁ%Qg’a qfﬁ% &b

S hiah{lﬁgtu'fnﬂgﬁﬁ]@ce?srl% WA bl GIRAHinERALS p@a%é.c i §R¢on 4, the

herein exa e, electrically powered
r afsnlagen attivork fwnthese:lec{h@oﬁﬂmcalrseasom wersctddn drewydange with the

AP R A e G B e gracReraiy et sereen.

t q*ﬁ@ %asﬁ& 86iBporleRisSthd BBuldtior fiént stafioH 104 bRy T1IAtAET i FHIOK. 6 and 7.
the el ectrocheni cal sensors manufactured i n accordance

wiln partinear, prselédm pnmﬁéaﬁm@ﬁcqrdmgﬁo theagesent inventing includes a

S SESGLAPE R 35 REF AU Prgcnc ot

1845 ahda bdledpée GU6e dn imbulakiGs prifit @mibn/104, printaelled €00l ig third print
a sui table print station according to t he present
22bn includes a screen 301, lower print roller
303, print roller 600, a flood bl ade 603, a squeegee
hol der 605 and a squeegee 606. In insulation print
[0073%t at i offin 4 @bpd pydlapracessieac@ddanice withi thel presenttinventibh,ecreen 301 is

webietd Gk Sufoy wodinenticceethaE Hoae pladE O3 g Egter 600, and
Wit er Iﬁ"fﬁt %Mer By3 'Tﬁ‘ﬁ'rsﬁ ﬂn@&ﬂﬁ%@vﬁ@l@ corkésPORsb Astew 8P Bovement of

print 600, | ower print roller 303, in
|sulssttrath 2@; tSomnéos 1smpv:¢d mcqu:ce@pblrm@on 607 oppogisbto first direction

CR05 TE S shae 22 e uad sl WRES Tk B is halBR B0 freen s01.

[0074] In a subsequent print cycle process in accordance with the present invention, as

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

substrate 242. During the print cycle, the squeegee 606, flood blade 603, print roller
600, and lower print roller 303 all move in second direction 607 which is opposite to
the web movement of substrate 242. Screen 301 is moved in first direction 608 which
corresponds to the web movement of substrate 242 for the print cycle where ink 604 is
pushed through screen 301 and deposited on substrate 242. One embodiment of the
screen printing mechanism is described in more detail in issued U.S. Patent No.

4,245 554 which is incorporated by reference herein.
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608 of substrate 242 for the flood cycle where ink 604
is charged onto screen 301. [0074] In a subsequent
w@eioa3wyrl e process in accordance with the prESEGB2003/004689
invention, as illustrated in FIG 7, squeegee 606
transfers ink 604 through the screen 301 and onto
substrate 242. During the print cycle, the squeegee
606, flood bl ade 603, print roller 600, and | ower
print roller 303 all nove in second direction 607
which is opposite to the web novenent of substrate
242. Screen 301 is noved in first direction 608 which
corresponds to the web novenent of substrate 242 for
he pri 0

[007§5] creen LQ&T’%B ‘9’8{%&&} fgﬁ”ﬁm% éur%rg er%#@%%%eh@faﬁy 93t screen has a

e rdoathon@itiof @th nidien vﬂﬁdﬁ]ﬂsmn l:lrel satvieridreotbmhendi 2 appreximately the same

d i bed i d Pat ent L.

desctbeg 1 T0Le 08 4L L ASRHE St B M

2%&%?&8%%%%3 B@N&@@@Oésftg%ﬁs%%sm{tggiéﬂe sbféeﬁammb@trate
flat screen prlntlng during printing a genera

s anewaWags&@n@antmg positién (atd:acmita prmt wiieu: BO0P an F!&V/ the Varymg the

* et ateen L heRyeel FRDRYE Foes i AT pe BAREH ififge in the

St @tdcRaS of frilR SFUAS katklad, 1.¥. the AldireeGbgen i s at an
acute angle (Ain FIG 6) to the substrate as the

screen and substrate nove away fron1a printing
osi ti c r. ®)
00735, |l G55k BBl Y 80l Fh Rt copeis ot

S Ce§iiBntWaddfésndblep i ester of steblan¢shi sﬁ‘eﬁﬁed ﬁf&gaitalched toen rigid frame.
direction of travel of the substrat

X- @ne eubodiment Uy S RORECISOESR .SPP@@ﬂZ?&P%‘éé@aqhﬁle@ééﬁ egpouth,
h@KP &?éshgé #&ﬂﬁl \;/ h w kohsiRBhating i ifl conjunction with a film
esiTient ormebl e pol yester or steel nesh
st pasitbiedhle smebnas bmdseditct onZs{ lighg solirte, @lﬁeelopeawd dned so that the

enmbodi nent us o ter screen su

REPB RS e Seh: o IORh SPRES HEGH RO NsE] TR Fge Fith the
sefglof b ¥gueepdd, ifkds phsted ﬂlr&ighl tHB 6héParedd dfthéstbhdiNnd onto the
positive the Screen is exposed to a W |ight source,

d ewsmepe &lmg achosisiore émag edhby thedal pm §lecﬁub%t§at®n Thedrame
scree orn1 negat i.ve t
ey pie b todigt iy, 8 xRS A e AT jmoosed by he
t hgtedichied inltsh @vﬁﬁﬁnﬁhﬁrﬁﬁx& di>sftoﬂt1bﬁ aBd @i standiig the additibeal forces
substrate (giving a positive inmge formed by the ink
onprodeced sysing arigdng- The frame provides a means of
nmounting the nmesh, and withstanding the forces inposed
by the stretched nesh with mninmumdistortion and
[0077] t h st Enshirthanldrhia iastdationqat statio €84, te méue question inan insulation

t .
Pr Inﬂ IArglgexample of a suitable insulation ink is set forth herein below. In this

embodiment of the current invention, screen 301 is flooded with ink 604 prior to using
squeegee 606 to transfer ink 604 through the screen and onto substrate 242. The
printed insulation artwork deposited on substrate 242 is then dried using, for example,
hot air at 140 °C directed onto the printed surface of the substrate using four separate
drying banks within second drier zone 224, which is illustrated in more detail in FIG.
13. An example of a suitable ink for use in insulation print station in a web
manufacturing process according to the present invention is Ercon E6110-116 Jet Black

Insulayer Ink which may be purchased from Ercon, Inc. In one embodiment of the
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[00771 In particular, in insulation print station 104,

the ink in question is an insulation ink. An exanple
wW®@200a/039891 abl e i nsul ation ink is set forth herBCTIGB2003/004689

below. In this enbodinment 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 exanple, hot air at 140 C directed onto

t he prlnted surface of the substrate using faqu

s emna@@ a,tmm iS RERIFEH ©ABDFRILAT TEYOrkIR éh@éélfecﬁon

\AQJAI%H ZB{{‘& E—% N ﬁlrga o?l (98{)5’5' the hﬁcﬁ:llng tlhlzﬁm tﬁ@ techmques
a use 1 n 1nsu atlon

S td%ﬁdrﬂﬁd IhBrem v@ther mejcﬁiansu]ammgmk naydetdized a:dwdbbet understood

t s ‘réﬁ%esﬂeﬂn]teﬁ IRIQ ﬁlnagf‘ﬁ ﬁ%&s&ﬁﬂt& Lan T i’aﬁﬁ%}xp@ﬁ & %#éﬁ%’lt layers or
PW@% 55 3% '8 1 tas rsQhn bB ﬁs%o%@@@é ﬁﬁﬁ'@&ﬁ brder of layers and therefore

I nvention, insulation artwork
r atifferteat @astructiohén frrdbestrodhennioalisensors producedi r ect | o n
(along the machine) and the Y direction (across the
machi ne) utilizing the techniques described herein.

[007@ her tiRAs epbodinsent af the Prdsbitt iAPeNtiBR, BfbreitieRs@stiod printing
be understood by those skilled in the art fromthe

dewesaspandimrediately afien drvies, ﬁbbsératﬁ Mleinshdinggrinted eprbon and
di.ff t .
q : ipgu Z%tgonﬁ)tpdlc o1 1.1% r1§ 8?!*% ;%%s rd E(? réf%?gﬁ %&Pc{hfqy hgs?%r?ed to rapidly

C Qo3 £ubslratd Q4]2 tb i iﬁﬁ:déﬂeﬁﬁitné@ t?qumra'tal}e tgpinslly Sopr eipeathire (around
[0078] In one enb t he present jinvention,

b Qﬁ@%@@ﬂ}éﬂ?érﬁﬁh &5 7ok e cgiodighgat oF e web
' rmﬁﬁifﬁéhﬁj@/go@fo{:%g 0¥(‘hﬂ fo ﬁx‘égﬁégeﬂttlﬁv&%n haShi#sleN8mperature of
ed n

prin an |ns 'ati on patterns, Is passed
ovthe thitdl dhillehollédd apmbkieratéy 9 8VGi dﬂmrﬂs:hdbdirgﬂm& 1Panay be cooled
rapi dl cqQol substrate.24 to a E%EP ter

t S8 HPROPBAETRSIFRF ¥ Py Pfi fraer ¢ epund 7 °C.
C rofhcingh& Rhdpérabte of §1b‘§&ate@4§ amll mdiftaRe; € RMSIIRBte of substrate

of the web manufacturing process according to the
p r2@an benaficiahbewnse mwéeré@mp@@@rqseﬁ@meaﬂmmolmblllw péink drying on

d_chi II
B Sr A Sl SRR Bl D v

t eRAITAd b %_k@bé@ acé@ding Xaihe! Iﬁeseﬁﬁﬁi/éﬂtb()nﬁé‘l hllsd Behafieiat because it
at around 7 Reduci ng t he tquerature of substrate

mzdm theearpeust af sfeptethia subsiaes r@uemgéemwwroléws and the
th
PR ol iy H6AMS Bn fRONPH LHTRAEAL ol FiOURAR, | e

bl ocks in the mesh. The use of chilled rollers in a

0078 v ent | Bre e 8 BBnEH et seRcay@gon seetion S 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 FIGs. 6 and 7. In particular, a suitable print station
according to the present invention includes a screen 301, lower print roller 303, print
roller 600, a flood blade 603, a squeegee holder 605 and a squeegee 606. In first
enzyme print station 105, print roller 600 is fourth print roller 227.
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reduces the anount of stretch in substrate 242,
reducing registration problens and the need to nodify

W0 bw4sseress on the fly to conpensate for suchPCT/GB2003/004689

[008

probl enms. [0079] In a process according to the present

i nvention, section 5 of the web manufacturing process

is where the first enzyne printing takes place. In
section 5, the enzynme 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 herein before described. The basic conponents of

he first y ri - S ' j d.J :
GG, ' OB 2RISRt indleBblaoe i e prbscht R R eckttn 301 i
acharedd Rgtht iak 604 bp hestny squesgettoonflocichladies03apantrreBer 600, and
301, lower print raller 3Q3, int, roller 600, a
7 eiver B aalesGes. i el besguen DY BBichuaes RIS A, Seh g vement of
5 . : . PR o
6%8]3?432&? %tir ﬁ]cr%r I nt rIrgol I e? EHZ%.%% gﬁ%ﬁ% 8 Zlogg%sé%gé Hi direction
PGDREB2GIxE/ 621 or thedi®d]cythe whelré tddb0d\is tleargedoante screen 301.
accordance with the present invention, screen 301 is
charged with ink 604 by noving squeegee 606, flood

[008@'020' e 63 suBfdqubntpRint @y’cl@gg)ce@riﬂ acédiice Rfifhithe pR%ér invention, as

, in first direction 6 whi ch corresponds to the

wabHustrapeshiaIGo T, squetsse 86 sransfors ige pdthranzh the sarespciPliand onto

second . di on 607 It LI dir ecityi 6

o PB4 D R BRI s W Pl e
cheyng astl RRlePpaaToHar FBlall OOk sebondadisdctice GOEWhidbris apposite to
cycl e process in_accordance with_the presen

 Vibe meboravemsnt o SbalEl Serem &1 9 mhasgd bt disergion 608 which
tsL E%E}Sf{n?s 5&4@6@%3’#?%%@ of %sﬁ&fe%? fgiQi]lﬁ gﬂgt {eQvhere ink 604 is

e print cycle, t squeegee
60fushéd theshghlsatben 80B anddépusiteddn snbstré© 242 auhe leobediment of the

print roJler 303 all . npve.in .second directio 0
WhiCEIFRiPEngRE Biechanyn is deseribedn mre def ig ol Batgat No.

242945368 L&A inkSrpbP&Fby Refbibhcihetdih ect i on 608 whi ch
corresponds to the web novenent of substrate 242 for

the print cycle where ink 604 is pushed through

0053535 B R0k e 0 L Bt fpefe n commernc.

deSGHigheSr 4 SuitBle@neahaidk ik Beti foftH Berelh BelowAtianthisN@bodiment of the
4,245,554 which is 1 ncorporated by reference herein.

[ ooBEnt invenfion; feregma?0! is flopedswith gk 64 priqrie using squeggee 606 to
10 . . . . ! I

or tapitnd B 008 H5EH 8 Reloln 3y SRR - AR dheyme
t harswafiepbdited on Glibsitace 242Lis tiesmt driedusinig] fon exanplegiot 3kt 50 °C
is_ flooded with ink 604 p{ior t 0 using squeegee 606

0
directed onto the printed surface of the substrate using two separate drying E)anks
within the third drier zone230, which is illustrated in more detail in FIG. 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.

[0083] Table 2.

Glucose Oxidase

e

R e S
Biozyme Laboratories

Tri-sodium Citrate Fisher Scientific
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transfer the ink 604 through the screen and onto
substrate 242. The printed enzyne artwork deposited
wWo@RslsIT ate 242 is then dried using, for exanpi/eB2000M004689
air at 50 C directed onto the printed surface of the
substrate using two separate drying banks w thin the
third drier zone230, which is illustrated in nore
detail in FIG 14. An exanple of a suitable ink for
use in first enzyme print station 105 in a web
manuf act uri ng process according to the presentbI )
Lnventjon as summari zed in Table_2 00831 Table 2.
Cﬁﬂ?%ﬁd It Sti j)I~i' 1 ducose E‘b?h‘?fa%c@nBﬁﬁzyrre
t Of.) Tri-sodi um G trat eqgfishersScientific 24
P LR T LTy eo005/ 004aseS BRI, PH H sher
Hgdriowpiethylicellvbodey(Nut 250 GA cohol  Si HomeyAtellrand|Stein

Hydr oxyet hyl cel | ul ose (Nat 250 and Stein
BDH/ Mer ck LTD Si gma- Al drich meﬁé@%ﬁﬁk

Pot assi um hexacyanoferrate |11 Noghabalgfsh CHERIMaP Co., UK
Ltd., UK DC 1500 Antifoam BDH Merck Ltd Cabosil Ellis

Potpssivmy bexachancderrateUibvA | SP ConpalNgriah Wstrsmenta LtdAUEr

pBRAONE ko ki d [0084] In one enbo%p%eﬁ%f%t he present

I'nvention, after the insulation ocess and

Cabusildi atel y after drying, the subBishadEvédrl Lidncl udi ng
rinted carbon and insulation patterns, is passed
A fourth chilled roller 225 wicdbompanyddiigned t o

| cool substrate 242 to Eﬁﬁ% ,ned
A%%%pg):agﬁrure typically roomt errpzlrgg ure}c%gfqgund 17-21

C and typically 19.5 C +/- 0.5 C.. In one enbodi nent
ocess according to the

f the b manufact uri r . .-

W“’“ﬁr esent ’\ﬁ?qﬁ‘\‘/’ gfﬂlﬁogﬁn? et ﬂlg‘?rﬂfg??ét Bentgy fiterdhy inswlationypyining process
22 di ifhm<ARRE1) 4 REBAS ng, IRGubLEOHE b4D, %mlﬁdiﬁggﬁx%h €4rb6# 2nd insulation
may be cooled to an appropriate tenperature using, )

f arattesnamsipessed avernioyrth hihiilledaollet 295 valiclaisalesign@d ©. rapidly cool

Resq.lggt'raqg 21@ fa predetermined temperature typically room temperature (around 17-21
°C and typically 19.5°C +/- 0.5 °C).. In one embodiment of the web manufacturing
process according to the present invention the surface of fourth chilled roller 225 is
approximately 18°C. Fourth chilled roller 225 may be cooled to an appropriate
temperature using, for example, factory chilled water at around 7 °C. Reducing the
temperature of substrate 242 and maintaining the temperature of substrate 242 is
beneficial because cooler temperatures reduces the probability of ink drying on the
screens and creating blocks in the mesh. The use of chilled rollers in a web
manufacturing process according to the present invention is also beneficial because it

reduces the amount of stretch in substrate 242, reducing registration problems and the

need to modify the process on the fly to compensate for such problems.

[0085] Additionally, due to the high water content of the enzyme ink and the airflow
due to the movement of the screen, it is crucial to ensure that the enzyme ink does not
dry into the screen. The relative flow of air encountered by the moving screen dries the
ink on the screen in a manner not normally observed in flat bed screen printers (such as

Thieme flat bed printers) since the screen itself does not move within the machine,
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tenperature of substrate 242 and mai ntai ning the

tenperature of substrate 242 is beneficial because
w@eomhesIshENper at ures reduces the probability oPCT/GB2003/004689

drying on the screens and creating blocks in the

mesh. The use of chilled rollers in a web

manuf acturing process according to the present

invention is also beneficial because it reduces the

amount of stretch in substrate 242, reducing

regi stration problens and the need to nodify the

process on the fly to conpensate for such problens.

[ @olslgq thA@EﬁS?ﬁltdﬁ‘éﬁWn dsavellpsithechiflghralisr alleviaiingdhis byrensuring
ofl
N SBRUIE 5008 a3y B TSl prinin
I siepribe scroa loadéd/withenzyneink ds hmmdiffdsdsdumigmnmgfm@me
gf alﬁr encountlgllrili((e:gt1 by. Eﬂ% ¢ mvllgg?l?s%{q%gg ,gél es 0p8156
f hlleSRE SQJdk %ﬂie%ﬁfe@ﬁ ﬁﬁﬁn&ﬁéﬁiﬁn%ﬁd idd¥e& IR tﬁrE@ha?%@ tprov1ded An

prlnters) si nce the screen itsel does not nove w
t laaaugamnnn of pipbs W@b@dbﬂ&%@ﬂ?@iﬁi@z oo ofieagidified air above,

Bl FabioG8 Pl RFEosy RSheclifoiigenspilis biffulconfRtor o ink
C QPmaftdiRe Bt AUWREstAS 16vdPEAOuRabIE aRBREIMNE K&t prévadiRBZopsRle,

screen-printi ng step, the screen |oaded with enzyne
e

i medérsidhand/ar side screen huigldﬁiqahpm Aepording ke peaspdnYRItEn is
b gﬁ]fsgrsgedga%lles 3 3 2Rl gs’fﬁ‘é‘%,#&i&t Xémg QH&#H%% of Mdﬁicqagn means

undersi de and/ or si
hRipibafly @ades omryng hum@tﬁﬁeki ab) wﬂid@end;&mdngstpjﬂmr Iﬂﬁiﬁ@ upon the
An arrangenent of pip provi des a substantl

 GFnsvahe! BERdHIenRen FeaHired Phowatsr poriERfpé the 1plp) ¢ ‘gﬂm&ﬁ%ﬂhw and
S't ¥@'¥tﬁr @ftﬁe E\%ﬁ? \ﬁl‘&fr%ezﬁr 1?1 bia¥ifl ¥f thg'gﬁw&a{wastlpfp roaches the

cont ent intained at a const

I e:nayme Pristutdtan ¢heatenpegiure rttf thoprimrrollerdihegizeayd $hmlzereen and the
under3|de nd/ or sigde scr di fi n.accor
t &XP‘H%“?J? B Rt DURS rETPTROihe PR Ep i T e tipent a

&04T%Wnew tha?t FAROSRINs 400 deved hbintdfib®Hir across the
(typically pipes carrying humdified air) will

d Gﬁm@m@m@eﬁ th sereen duringymie strplsof the scrgmbark asd forth. Pipes
Bt BF N a5 i patal Bl SO hel high 4% i lows

t@@o@gﬂpgn@kgq@gud)the substrate as it approaches the
enzyme print station, the tenperature of the print

roller, the size of the screen and the exposure of
he scr [.O L.0g: 1.qjf i i
[00863 catilg ahl'{ﬁe é%gw:: | 41‘%%%%(?‘ ?Agﬂ%%@%&e ﬁfglrlg‘ h%a%:eed !r)ﬁ]o Sl\ga screen at

ofor Ipﬁloﬁﬁ) the @taﬁteiflthepﬁlthum Shinﬁé thd eazymearkds sompesed wiiall&ge part
under si de of _the screer;pgg one, stroke of _the

s of saterd bprcally bersen gD y weight, more typically around 60 % by
weight, the ink is prone to drying out over the lifetime of the run. This risk can be

alleviated by providing humidification around the screen loaded with enzyme ink.
Alternatively or more typically in addition the substrate can be chilled prior to
encountering the enzyme (or indeed any) print station by the use of chilled rollers as
herein described. Typically the temperature of the substrate is controlled to be less than
or equal to the temperature of the room. However, the temperature of the substrate is
kept above the dew point for the atmosphere in the room. If the room is at 60%
humidity then the dew point may be 15 °C. If the temperature of the substrate falls
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(not shown) above and to the operator side of the

machi ne deliver humdified air flows 300 and 304 (see
WO-2@@4/039897 [ 00861 Typically all the enzyme ink PEnGBe@d/004689

for that print run is placed on the screen at or

prior to the start of the print run. Since the enzyne

ink is conposed of a |large part of water (typically

bet ween 55 and 65% by wei ght, nore typically around 60

% by weight, the ink is prone to drying out over the

lifetime of the run. This risk can be alleviated by

provi ding hum dification around the screen | oaded with

erbelave thinthen, oandensatian casl opcaronibe sulsiratecqptengially compromising any

addj tion.the, substrat n [ ' ]
o iRt o 2k Bby SR bSeqlat A ol Wit vl soluble ink such as
byenbiiae ke Cohitrehof theshibs@hte @dBpesturd) rex amphstwémdhe limits of

Typically the tenperature of the substrate is ]

c dRemdpmperatuse prd desgointh, gy tb?re@a%m upppriagpfor a successful print run.
t i G i § 5 and

| KBRSt 0900 NSl s UIVRALR 228, 25
at2saSp hepatdnh it comtroimgsubdtratdiempenitore.s Aafeed®¥k control loop can be

humi dity then.th i nt be 15 C.. |.f
[ enptioero e et BT fnesasglergiebtoly Bs gy temperature
PGHABARR3HAR4ER/en t&%%é%ﬁd{t?ﬁg,coﬁ@a%a S pePituedT the chilled

occur on the substrate potentia conprom si'ng any

s ubleryaad thegeinperahue of the sulesitratd a5 iblegves dhswilgeamd gnproaches the
run Wt'ht(#\@{ er soluble ink such as enzyne ink.

ottt BMot* e substrate tenperature, for exanple

between the limts of roomtenperature and dew point,

may therefore be inportant for a successful print run.
[008Tont r ol FI§} 2Cdrpeehamatic digeram depicting sastipn § and gecsiga’ of a web
chi} roll . . 231 S te i
ORGSRy o st ioR 5, PER LR Bocons
| cgpygepribestatiaetDd. Seaternd etzgnichrint shton d@ivckdpefifih vhifled roller
an

AL S Rl ST R e o e
U SREF 75 'ﬁ?ﬁhg{ﬂe% E@necf%l, Y&oistr A dnSySteAMB 7@ outbound nip roller 238.

tenperature e substrate as IT |leaves the roller ]
anbh thep pmbadiinest ofthe inventiompiliustrated ot Flbin 2C| 0@871 7R @winder unit

' h tic.di depi cti ti d t]

" Featgpeen g A S SRt BeP o 200 TR B Ly 240 and
I NYRHhd R%vind Abbt £2#1.2C, Section 6 is second enzyne

print station 106. Second enzyne print station 106

includes fifth chilled roller 231, fifth accunul at or

2, fifth print rol.ler f our Vi S] 4,
00877+ ' o Sohg gl & Rpsssfiipldhabhol ol f B e b
I egbhfikfhetining proedsaswhert thasbcond oty pHinting @Alles pladd8In section 6,

the enzyme ink artwork for the electrochemical sensors manufactured in accordance

with the present invention is printed utilizing screen-printing. The purpose of applying
2 coatings of the enzyme ink is to ensure complete coverage of the carbon electrodes
and so that the electrodes are substantially even and free of voids. The basic
components of the second enzyme print station 106 are illustrated in FIGs. 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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In the enbodi nent of the invention illustrated in FIG
2C, section 7 is rewinder unit 107. Rew nder unit 107
WO pksi8s7 st eeri ng mechani sm 239, first rew ndPEr/G82003/004689
240 and second rewind arbor 241. [00881 In a process
according to the present invention, section 6 of the
web manufacturing process is where the second enzyne
printing takes place. In section 6, the enzyne ink
artwork for the el ectrochem cal sensors manufactured
in accordance wth the present invention is printed
utilizing screen-printing. The purpose of applying 2
coatings of the enzyne ink is to ensure conplete

overa arbon el e .
o053 85y Ry gt i O i frormn 01
héhafpRd ivith iGR BDY BS M/ squb@es@oe rﬂbmmmr pmt roller 600, and
statlon 106 are illustrated in

pdewerpintroller 393; indbpicisetion 6Q% ‘HMCB r?o’ﬁ%%’@?lé? Wgth? yeb Pr@vement of

! 55 040 O AR5 o B P i

s p0Sagfeabstatad®t? BOthe fhod cyclsguileegmk 660 6s cangeslambmstreen 301.

enzyme print station 106, print roller 600 is fifth

print roller 233. 27 WD 2004/ 039897 PCT/ GB2003/ 004689
[009610089] 1hh Sibkdqpest grine LE1PpREES In hiboREmes HAMaRe Webdht ifRntion, as

esent invention, screen 301 is charged with 1 nk 604
byﬂlnstmtagmﬁﬁe BgEeetRs 606 Ironsfers ki ughrthescreapl 30drand onto

600, and I int. roller, 303, in t di.r
SR A o PR atind Y, BB a5y Sy Rocgfb1bde 003 Bint roer
S UbRk, hd v BrintSel18€3033limbve MRéEshd dires86:0607 Whichas bifbsite to
607 op osite to first direction 608 of substrate 24

f othe wieb Movsoentgigubstyfie242.i $ee@0¥ 1) is movad ielirsbdirestion 608 which
.S cho?’reers] 3 %% to {h% fi%] m%{%:n?en? HP ﬁl%gtlfa?tg b4p Edr%e ﬁ%fﬁtj c%rcf%rvaﬁﬁé fhik 604 is

ance w esent | nven

l Lﬂausﬁéd fhr@tkhi sardeh 301 dnd eposiegiben Hib6trte AN3.f O”e einbldiGidat of the
t hrough t he screen 301 _and aonto bstrate 242. Durin
t hiSTqsPipRntiag geghanisp Isdrserrddn anse Hrtrﬂé Grispred d& SgBatent No.

p”l Bli5 584 ch1§ﬂlgmﬁ)6 edl%ﬁ'feﬁa{de%réiﬁl | er 303 all nove

in’sedond directio I's opposite to the web
novement of substrate 242. Screen 301 is noved in

l009i.105§re i P ey ying prip QA s the g n ghgstion is an

ihie Inrtﬁerberboahﬁém BPRCuaeM ﬁ%u@ﬁ s fRR3HI tiefloMied with
subs rate 242. One enbodi ment of the screen printing

ek H04 priot to @emqrume 06 tptranstheihe inkioQ4 ithroughythy sgeen and onto
Pal @0kt AR dnethod el BSSEREER L8R 242 is then dried

using, for example, hot air at 50 °C directed onto the printed surface of the substrate

using two separate drying banks within a fourth drier zone 236, which is illustrated in
more detail in FIG. 15. An example of a suitable ink for use in second enzyme print
station 106 is the same as the enzyme ink used in first enzyme print station which is

described in aforementioned Table 2.

[0092] 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
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[0091] In particular, in second enzynme print station
106, the ink in question is an enzyne ink. In this
wepdvaasasent of the current invention, screen 3PAT/GB2003/004689

flooded with ink 604 prior to using squeegee 606 to

transfer the ink 604 through the screen and onto

substrate 242. The printed enzyne artwork deposited on

substrate 242 is then dried wusing, for exanple, hot

air at 50 Cdirected onto the printed surface of the

substrate wusing two separate drying banks within a

fourth drier zone 236, which is illustrated in nore

detmabedimgntmfthe web mAnu’@ﬁ@ﬁpg Brospssaceerdingip dhq pirseupnvention the

uss%.rfa@e Sfhd! d?;ﬁl’ Rl 3 i ds ;g%klﬁ{bte}%s b€, ?hﬁm GfiE Aher 231
e enzyne in use rn o fur S

V\:hmajﬂ bé sooletcan dppebpriatcatemperanne usmg,cfoﬂ' atanegple fac[t&@'&ﬂh}lled water

In one enpodi ment_ of  the presen |nvent| after. the
e fmek psiueingithg temperte: 3.3&{1&%%%

randrB8f %ﬂ%ﬁ&t@@tﬁ 1@%eﬁb1ﬁ%éégb§é%oefek RinSSLrA8rel Pliuces the
|nsu ation, enzyne i nk patterns, passed over
f i lbrobalfuhtyl dfenk chryiﬂgecm th8 scrbniscindicseatidg blqo}hsiil the mealpi #he/use of

trate 2 to a tedeternm ned,.te rature.
C oia R385 6% BREOE LG SR fpv@tion can
t hﬁs&B@béfﬁﬁHfaﬁBéddﬁédlﬂrd&h@é%&ﬁ@ aR6GR ok ch th SubSritE 052 rHsducmg
invention the surface of the fifth chilled roller 231

i sreawtram prablemp and tig; neeilite modiy thesprogess v thefky to ¢pmypensate for
be 3R 9 an appropri ate tenperature using, for
exanp actory chilled water at around 7 C
Redu0|ng t he tenperature of substrate 242 and
i ntainin tenperature of substrate 242 js

[009% nef i cAdi %Be@bu due toaghe biehyveatpraontant akth P @a@e@%lnkwad the airflow
bi %ﬁt@'tﬁé Tbv@herdt %ﬁﬂ@%@%ﬂ iP1s aﬁSr F el é Hﬁt does not

In the nes e use o chi I ers
wedryrintouhasdresn. Ag vmikxsethesclaﬂabrodilengldvmtmgemp by:enmnng the
cial hecause it reduce

i nvention ca al efi
| DR Creddt B CTPeaTe G TS D Py ig SHTerhgrinting step, there

r eﬂ'aﬁoﬁ@ﬁéﬂﬁ‘mﬂ?&%ﬁ&%ﬂ@ RHd/oP§d88GEed MRt akodk, hﬁllch can provide a
process on the f to conpensate for such problens.

[ 09BR8In ¢fd:dm1dléi¢é lalryabovkiend kielavih éhersicrgen wensring dlre water edntent of the

¢ ndURBRain g atA¥opiiiR G iy S5Bcufl e Frd REFEA cofttanty over

i nfhedarRsn. nAtsult&Hlé’ atrig@nieRefos Ef(ﬁ@ding fspsidelahd @ﬁdér‘éiﬂe screen
chilled roller alleviating t ensuring the

s ubyynidificatips ageopding tq e peesentiiayasition it illapfeaterhindfl6. Bhe

enzyme screen-printing step, there is also topside

and/ or undersi de and/or side screen hum dification,
[0094hi ch c&eropd entyahee print station 106 may include outbound nip roller 238,

LS

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

ensuring the water content of the 1ink is maintained
W@e00a/0asast ant | evel . Typically the hum di fi edP@Ei/GB2003/004689

flows constantly over the screen. A suitable

arrangenment for providing topside and undersi de screen

hum di ficati on according to the present invention is

illustrated in FIG 3. [0094] Second enzyne print

station 106 may include outbound nip roller 238,

i nspection system 237 for inspecting registration,

third Y registration systemat 237C (not .shovvnf( and .
binveniden, SirsitY registation sladw)l 01 Geepnsb¥ degistptiop mpasks 2HE, third Y

hel tral t ' f.
(EesBrfR er 30 e R e R RS 2808 may esrpaponc.
288 pectivelyotd the WnNebelitdti6rodf @ibotdfint statibs 1 0Rtissulatdnipsint station

renpbved from second_enzyme print_ station 106 a
c df&tfuptenzyme PEpL Bt ] feppy przymegint #ﬁ%owaog Each Y

N e i
t bpprogimatef a raiahglpr Imoncymbaiinent thg Ypregistratin dygtem located at

utilizing the first Y registration ks 101

Vbprtipat ST 3 and 235 681 B ieantpay o Elftatats IRECRY from
2 BN i i rks 2104 which are

[ uosr{létgﬁelgﬂfnnL?:(ifpg’mzsg%@pﬁﬁgﬁg@enbodi ment of the 29

WD 2004/ 039897 PCT/ GB2003/ 004689 invention, first Y

egi stration KS second Y,.regjstrati.on r k

10095} 35 °" IR preebObgnCatile pRARA et ShE R B it 357, may be

r %Fﬁ:hfeﬁiéd%idﬁ&hé@lt&]a% TREPYCLESH SRERY Mebdel AEABGHOBA0Y HD, which

to the Y registration of carbon print station 103,

i aseimmprsiallyravaiiable femditromeyGnihhis L eeppldshfheyGamany. The

statiqgn 105 e rd Nt han :

g S e R

| utisaategan FiGs. aMAQbi 10Dt Aid/ @ FIGHh 20D adpanbe omddes agool in assessing

rectangl e. In _one_enbodi nent the regi stration stem .
! maé?nsobéﬁef?%%%‘ﬁ&e rsigeied 4fon eamrle By eqgedineg tnspection

i bey=Y Bl 1 GoYsd PGC650 from Eltromat Gibh
igg%gggb ggﬁg%g%ﬂ%Ernany.sf00951 In one enbodi nent of

the present invention, the inspection system 237, nmay

A L -
?Il'\l’fgé 1e3lh8tibd SRt (o BRw. ch 1§ 1b&aaP4t 33 hRNE3 7THRHdBBTC and/or

) I'nspecti‘on systen37 has a vision conponent that .
i nspected by espeaipnsiystami 237 afier kY pripd stages eeer eoennlete)inag be ascribed

0 e er i R O 203 S TS SRS 13 Al 28 1

I RinffoldfBert o® theaXaimbe, Y baeods sthtieh ¢onsRies ihedollowing
commercially available components barcode printer (model number A400 from
Domino UK Ltd. In Cambridge, United Kingdom), barcode traverse system (Scottish
Robotic Systems in Perthshire, Scotland), and barcode reader (RVSI Acuity CiMatrix

in Canton, MA). The barcode station (no shown) labels each row of the sensor sheet
2106 with a 2 dimensional bar code. This provides each row of sensors a unique
identifier code, batch/Lot number identification, the sensor sheet number, and row
number. The barcode station also reads barcode immediately after printing to verify
that the barcode has printed properly and provides a visual indicator to the machine

operators. The barcode and process information from sections 2 to 6 are stored in a
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results against a barcode in a database). [00961

Regi stration issues in the Y di nension (which can be
W@bdaoenzd9duri ng printing by the registrati on BYEGBR03/004689

(not shown) which is |ocated at 237A, 237B and 237C

and/or inspected by inspection system 237 after al

print stages are conplete) nay be ascribed to

variations in web tension or non-uniformdistortions

to the substrate 242. In an enbodi nent of the

i nvention, the barcode station conprises the follow ng

connerC|aIIy avai | abl e conponents barcode printer

( dasaerise audrzad latenty idewlify apd srbrsqustly reiect{asoqph syds fyduture

Uni ted Kingdom), barcode traverse system (Scottish

RBISSET e Systens in Perthshire, Scotland), and bar code

reader (RVSI Acuity G Matrix in Canton, The

barcode station gno shown) | abel s eac rOMIOf t he

[009715 ensor Repénder upii @7 ﬁﬁ’I%SFFtSaOfZ forierampleon Martn, Aufquppatic Reyyiad
géﬂ:rﬁ ﬁ‘h?i‘i% bnd QY <8 tlo?letﬂstﬁé thathid 8 b Rlov <80 bbdtir®bus rewind of
bat ch/ Lot nu identification, the sensor
S btdmrafelmﬁe R evamndbr |unw 1 Oﬁ Le(mmsts oftiEirsbzeviod erbor 240 aml second

alsag re r ter..printing tq .
EPTIR Son 26 1 R taay BREP RaL R ST sprty el 242 and
p"c&%ﬁ%ﬁs@ \ﬁll§Hﬁ{erﬂaI‘ﬂfb1‘§13§e@<5nd éhz?ﬁh pRREEthiih 108P Hedbril Bwind
The bar cod process information fromsections 2 to

g aghoe 241 boldg a|smgb%mlmmmmggg?ww@mmmmmu of
O R e S P hffont i EOGRIeLY oR B Sl BEGANERL LY. from fist

Reaiad arbod b, THié coffitidik prédess fepéatefromitiret rewvidarbor240 to
Automatic Rewnd System This is_ the |ast section

f
t Isecond sewing aghra 2414 Svyineeplicsnhishogsus il dhipfubsirate 242 is still
s a
W52 5B B Senlilh AR PRS0l 1 Gl s psc
I ety @itb arfredd @olhof gibsizate aldtertill 2421hichds primed mﬁhaiouble sided
242 and cont oysly pulls material from second
eﬁ’i‘i?ﬁ‘geﬁiﬁi‘%"%ng %" 106. Second rewi nd arbor 241
hol ds a standby roll of material, which automatically

splices a first roll of substrate 242 into a second
[0098]0l | OXIGh3 18:aa$themlat1©dlagfam fepietinig the humishenvirgpmentagound a fifth

f romfi.rst 240, T t

it S B WEh AR, B Pty P onghiR e b A the
arnli&hs 2t hunfdifficitidiOofSRé WeB privdihg Bnfsikicat Meiillwstrated in FIG. 3
substrate 242 is still , used to enabl e the
c o’riu¢1h1m§hlsle$ topihwenid fausmesftor%ﬁngmzmzotwm bumsigl 31302, éower print roller

,r}?lge g%lg \A#Hsugg}n%ltgyrh{: hgrg«l;}aﬁ?%s %’;ﬂe ﬂﬁ Gnd either fourth

prmt roller 227 or fifth print roller 233. Humld1ﬁeat10n and temperature is set to try

and ensure that the properties of the enzyme ink do not change to any significant extent
over time during the flood and print cycle and preferably over the life of the print run.
In particular, it is desirable that the viscosity and water content of the enzyme ink not
change over time during the flood and print cycle and preferably over the life of the
print run.. The enzyme ink is approximately 63% water. A constant water content
ensures that the amount of ink laid down onto the substrate 242 is consistent. If the
water content of the ink changes during the printing process, this can lead to variations
in the enzyme layer thickness. Additionally, loss of moisture from the enzyme ink
shall lead to the enzyme drying on screen 301 resulting in poor print definition and a
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pressure sensitive adhesive. [0098] FIG 3 is a

schemati ¢ di agram depi cting the hum d environnment
w@e@unshsar fifth and sixth sections of the webPCT/GB2003/004689

printing. The basic conmponents used to provide the

means for humdification of the web printing

environnent are illustrated in FIG 3 which includes

top humd air 300, screen 301, bottom hum d air 302,

| ower print roller 303, pipe 304 conprising nmultiple

perforations 400, substrate 242, and either fourth

print roller 227 or fifth print roller 233. = |

Hedirdtidhi inahé amoeni @f inkilpisaite pubstrated?. The hpgpid gipipside either first

ensure that, t.he operti t z '

R DTLAE1 5 PPRER o SUEUToS BBt poen s
f o059, fd16kivRy Hunlidizy.cTep Buslidaie s 60 akl hotowehurhidenit 3(26ds phmped
the print run. |In_particular, it is dflas,ir bl e

t pretopodrsdestaf seiven 3l iy maigine the dsfirgde agis it i ive
ngfgy?ag%%{géd ' JFE sﬂigrqf iiﬁ%e&’%‘? a%i%%d%g hﬁfnﬁdiﬁec?%(riﬁ teoeth@ R&b on one

o over t print run.
e sidy tmiediatdlys adjpnotticrearahy pifstatener Thénatoresindiype of
ensures that t nt. of

ter. cont ent i nk | aj . .
FC L TN AUTE M ENE 1 —
V‘@ﬁc?&e%ﬁﬁﬁlﬁ‘gatﬂfn ﬁe&ﬁr&ﬂ%ﬁ§8ﬁﬁgﬁ?¥)@§f iR @t thAepMtisBitibA th that

process, t can l'ead to variaftions in the enzyme,
| epndronnint Kfbesa hoddianibeniatd ip enclose thsfupper and(nrdowerside of the

the enz ink.shall |ead 1.0 the enz EY]

SSHEET AR RO oSk Br S BEICRr Sk aiibent the sereen
Ve 2ROALABRARIA tRETIEBRAUTIONIERDyY the Preséricedf the Hoog. If the hood is
amount of ink laid onto substrate 242. The hum d air

i niudtedeintthe nppar sereen Eamgngs iptypigallythe ¢ase, thokoqsmay have a slot in

second. enz £ S .

S SR TR0l s s Rl A iR ion

bete erach ihitidg #tig noidial flsodsprimegcleont o bot h si des of

screen 301 to maintain the desired relative humdity.

A side pipe 305 is arranged to one side of the web

nd in d 1 diti ed: ad i and

0099 SIGTYSE IR it 291t honl 8 SRt gty

natxtir sectinols ofthe web printing.dThé basi¢ cxmponeats gesdetatpsoddath eneans for

S DR PR R 8L o DGRy RS P
| Bcl@destbthudid i 360, 8¢baN307) bblidh hufiid bir G0PEIpe with befforations

a hood can be used to enclose the upper and’/or | ower
si304, aid penforations 460, sids pipaet 309theti shpwa). aft pireaiP4iyeth several

del iver.ed i he hopd di '
SRR A RobREBRR SR SRS e Bl otom
PHassdeR 30D té hRidtdadhe Vibedshy ohBR@nizyme kioht eeben301.NFIG. Sisa

upper screen franme, as is typi gallx the case, the ‘Hood3
negrspesiveaiew of pipg 304 with perforations 400 to blow bottom humid air 302.

[00100] FIG. 8 is a schematic diagram depicting 2 different squeegee angles
which includes a substrate 242, print roller 600, and squeegee 606. The angle of the
squeegee 800 can be varied to optimize the definition of the print area. In an
embodiment of the invention the angle of the squeegee can be 15 +/-5 and preferably
+/-1 to 2 degrees. Note that the contact point of the squeegee 606 to print roller 600 is

the same for every squeegee angle 800.
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the x direction (the direction of printing) to allow
the squeegee to nove in relation to the screen during

wo ba4nsasonl |l ood/ print cycle. [00991 FIG 4 i BCHGB2003/004689

bottom vi ew depi cting the hum d environnment around a

fifth and sixth sections of the web printing. The
basi ¢ conponents used to provide the neans for

hum di fication of the web printing environnent are
also illustrated in FIG 4 which includes top humd
air 300, screen 301, bottom humd air 302, pipe mﬁth
perforations 304, and perforations 400, side pipe

[0010D5 (not shcﬂ\ﬁ)9 isR gshpaatpdiagrentdepisine ) diffgrent %ﬂ*l&?gesm@sﬁmns

A0 nglﬁ{es{ eﬁe ypsl %'rﬂl‘? ?(@%E 8?(%?@\9 xﬁ%ﬂm ?ﬁleﬁ é’:ﬁ?,%ﬁeég%@ 606,

blmmng um d *a arn t
v Ifﬁﬁ@ﬁiléege@f)osﬁtﬁtﬁl 31104 ;{n@ setcnkd m{uesgﬂmtﬁﬁ D01 FT&e sGuedegeegposition

per spective yi ew of 30 rat.ions 4
v weflflwﬁmsau%ﬁgﬁe v e[“ogm?& egripgroler 860. 1%
S %gﬁ?&géé aﬁ'ﬁa@@ Rinfdgredt & thé %1@%s§&ﬁiﬁﬁﬁ&?nﬂc The position

| ncl udes a substrate 242, print roller
6 @ﬁ?theﬂ\qde@qel eagbevadd. to 'ﬁpmgh@deﬂmmmﬁ the pavea-800
can be varied to optimze the definition of the print
area. In an enbodinment of the invention the angle of

[001020e squeegegIGal) ke sehematibdiapdmdpictinghlskreettbnap diStadce (1000)

[001

degrees. Note that the contact 5)0| nt of the squeegee

606uclompludm subsirate 24Bqwint soller RBO.Jayver prix rela3(3, and screen 301.

P%T' B%(? %62’(6@%96 %6&%% %%?é Qré% %?szance é}]oomg st the closest distance

dibagremseepn 801 agl dibdiritt ed2nin smﬁ@@aenmﬂhﬁmmfﬂmmhnuon,
i ncl udes substrate 242, print roller_ 600, |ower prin

r Sleen sppFetisg LA et appmxa@titebfq(b%@gbel S ffeaﬁnap setting
pgs 00 st %q]g%%gg%%tgg 80@9%&1[) Ut q citily gJJf%cﬁﬁ%w to transfer

|on on o ee relative
t lisk 6@hbdmto sobstiatec242r with sufficient prif defiffition. Hifhesgeen snap setting

osition can have a or.effect o e thickness
b r(ibﬁt‘%ds 76 00 oW sE5Et 1910%ill Spear ik @éﬁc&v@ b drSAind Cycle causing

V%é&gmg&ﬁ]%ﬂ@ﬁrﬁﬁoﬁ he definition of the print area.
[00102] FI'G 10 is a schematic diagram depicting a

screen snap di stance (1000) mhlch i ncl udes substrate

2, print rgqll 0 | owner [

Feen 301, I, TR Gnss B Reppi ik 8 » Risshpgp e zone 211
S GiIg 6 cSifipidscd ifisdt ARE rdlld 09D, Lios plabeel IW0PERS helérHadk €01, second
between screen 301 and substrate 242. In a preferred

erisaier hank 1108, and third hoatat hagk 1103.c hb@herabmbn@ qu thgyinvention, hot

( Iyfynt C

CRAEA 5 RS S o 5 BAERE SARimcn o

S hisiifveRtibh,yhotl pfaleEDIOOSﬁai}ehmco%Ehﬂ with Tefdoisdrgrmay be heated to
approximately 160 °C. In an embodiment of the invention, first heater bank 1101,
second heater bank 1102, and third heater bank 1103 blow hot air at approximately 160
°C. This may be varied to suit the substrate type and/or thickness and/or any

pretreatment and/or later temperatures encountered in the process as would be

understood by those skilled in the art.

[00104] FIG. 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
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i nk 604 onto substrate 242 with sufficient print
definition. If the screen snap setting (1000) is set

w0 ow44089897 screen 301 will snear ink 604 from aP@ET/E6BR@AH04689
print cycle causing insufficient print definition.
[00103] FIG 11 illustrates an expl oded view of a
precondi tioning zone 211 which conprises first drive
roller 210, hot plate 1100, first heater bank 1101,
second heater bank 1102, and third heater bank 1103.
In an enbodi nent of the invention, hot plate 1100
contacts the unprinted side of substrate 242.

In a

pr ehlodimentafisriinientiongfirst grierdank  2A0A gigconsksiries baple 1101A, third
11 O it b : J o
< PR Th o i RO B Sty 140
| naeHdlupethis fiay bt vhked srwhiddbe hddetstood by dnde ldHedin thankt from the
1102, and third heater bank 1103 bl ow hot air at
apfsesptipnhersinieo T. This nay be varied to suit the
substrate type and/or thickness and/ or any
pretreatnment and/or |ater tenperatures encountered in

[00103e process BEG.Vidullustiates anrdplodedudwinf atsecmns driiniglzede 224 which

in the. art... 0104] FEI 12 .i.11 an | ode .
1 SAPSeh i Ve tpYerag b Pk 2005 B, it bk 1101B, tird
S€g2ébafikil | 0235 ah@lfbiith Eied bae CRBB. dhiay@nitRkiieént % the invention,
first drier bank 1200A, second drier bank 1101A,

t hfirstidder bank B 2008, secmd drien Hatko Uk B, thitdedriep hamk 114380 and fourth

In,an 4/ 039897, PCT/ GB2003 adi t -
or o 1 WA Bl 2P 87 4 arpRb SRR B0 o B R T B varied s
bafullifediderstoot by thidse skilled ikthd b8 Fhom @rdddsarigition Hkdier

bank 1103A bl ow hot air at approximtely 140 C

al t hough this may be varied as woul d be understood by

se skill egyd ny4t: r . rd ki | %, .
1001pBE 7067 i o FIcy i b RETeE wioR AT U W Z6R 230 which
Secanpkisds Youth drdreeola229hfishdriadapk it 2@€0C, tald sebotkd idvier bank 1101C.
roller 223, first drier. bapk 120Q0B, d drier_ han
| s et Qv BHioR. R Sa s LE e Sheped dhghank
1198H.c. bibwheahad b%ﬁ%&iin%el& bgod ANERIgh Fhis mefy' YeSYaridll a8 vould be
bank 1200B, second drier bank 1101 B, third drier bank
110adersteortby those skillakinghe b fikmithe dsschporhérein. ai r  at
approximately 140 C al though this nay be varied as
woul d be understood by those skilled in the art from

[oo1bie descri pt Fi 13elfitiies[#QkPRledViow dfh Fdurhsdriimb@8n@ P36 which
expl oded view of a third dr%%n zone 230 which
€r

corpmprises fifldriv reliar a5 sy < 13Q0D; tand s¢epd Weigkbank 1101D.
129noacr1 erﬁ@oqii%gﬁto edﬁlbgﬁtio%?ﬁﬁt &&Qr]bagk 1200D and second drier bank

1101D, blows hot air at approximately 50 °C although this may be varied as would be
understood by those skilled in the art from the description herein.

[00108] FIG. 16 illustrates an exploded view of a first cleaning unit 204 which
comprises tacky rollers 1600, blue polymer rollers 1601. In an embodiment of the
invention, blue polymer rollers 1601 contact the top and bottom side of substrate 242
and transfers particulate/foreign material to tacky rollers 1600.

[00109] FIGs. 17A to 17D illustrate views of an insulation layer to carbon layer
print for an embodiment of the invention with proper registration. Note that FIG. 17A
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In an enbodi ment of the invention, first drier bank

1200C and second drier bank 1101 C, blows hot air at
wapprosisant el y 50 C al t hough this may be vari eBCHEB2003/004689

woul d be wunderstood by those skilled in the art from

the description herein. [00107] FIG 15 illustrates an

expl oded view of a fourth drying zone 236 which

conprises fifth drive roller 235, first drier bank

1200D, and second drier bank 1101D. In an enbodi nent

of the invention, first drier bank 1200D and second

drier bank 1101D, blows hot air at aggroxinately 50

C
ake¢phesents theviop lefhFiGe 1VBrthe tpasehidi]Cel 1 he thebeitons tefl angyIG. 17D

t hose . skil.l.ed .in the a r the, ri Bt j

| ORGP aheby el 4o Wk AT R Eh P R Sbeltor shect
f ilStraei SRFIGR W Th cA84mbdidkkent 0O insagionacdthon plintestation 103
1600, bl ue polyner rollers 1601. In an enbodi ment of

t peintsicathendaxss Whigh eompsisgh polidraransregigagle d4iY surounded by a

t i -Si 2 : . .
SR ) 0l B 3235, e i
| 9308pricl G print et angTe il el W o mibsane 242 which i

i nsul.ation_layer to carbgn |ayer t .

o RPN B GRS S0 o Tenterel Didiand, B réingpla garbon line
';'g??:&ggxg%él b Snsdidtivn l%gerWchxQ)Qﬂ 183D R stration fs proper a:tL %lé four

/004689 represents the top left,
t lereoytypicalhy thefd 1Gay b @ thepatndtsubstrate?4? shemdngbetweaythe

the bottomright .of SO eet. 2106. Th rks. ar .

o gtesti vins e 20T el Srnon etng O T, i Bbimation of
2 l&suldtﬁnq%%r ESTEREb R @b beltheckied yRnhalbfby SR6R@MoP6T EHn be
station 103 prints carbon |ayer which conprises a |
s shecked asingsegandtvasion sensqiid2s whichdm gee| erapggment comprises a camera
rectangul ar. carbon.d i 3 0 5845
LR B0 ks A TSP R MR B i aion
Prih@tsrt bE et hitl, Anrpetadéri can vidwnall fotd tometsofshbsibsaite adjacent

242 which is ositioned in between the sqlid carbon ..

r Qe anefher AT Vattrepnkhe RerAtanahen Rl penset the wgdsiration of
WigRudeR b %%hﬁhh?ﬁ%&@syﬁiﬁa‘ﬁ%am{ Bkbsh P ind&di Btih g teXemainder
is proper at all four <corners typically there may be
noftincpridtecn)smdshn atake 242teybroadjusgmbEs wegiecessary to bring the

S L B bl s EH R bR e veo
t Q/i6RE19D (EoBrisifdNfob Bx A6 ke chniaa iiAtéd BYlodRticiR @b&¥four corner

or can be checked u3|n% second vi sion sensor 222,
whifdhe subsiate cendd vigwsend i fordisplay agpanshotnfieacheafl the four

h f b . ' j .
Sg&o{ne%:fo {){1 %rghlcc) dt ?glrslstﬁgfs:%)rrg%rtsgotf el %a%cg %‘Ja@r/‘){’iﬂ“%}”fﬁg '?f(%ﬁse% %‘%Ctlon ofa

I WecorftorPiRe dipRiy sGikB the Ribstedtt bédath tho vvavisg odmédieis constantly
substrat e adj acent
being replaced as the web travels through the apparatus. This system enables an

Or'

operator to see instantly the effects any adjustment he may make has on the insulation
to carbon registration. Adjustments the operator may make include, but are not limited
to, screen print stroke, snap height, squeegee pressure, screen position relative to “Y”
direction, screen position in relation to 8 (Theta). Once the viewer registration has
been set up on this and other print stations (using viewers 228 and 234) the automatic
internal X registration system (using marks 2107 and 2108) and the automatic Y
registration system (for example, registration systems loéated at positions 237A, 237B
and 237C using marks 2101 to 2104) are allowed to take over and monitor and
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one another on a TV screen. The operator can then

visually inspect the registration of insulation to
w@200b08980uri ng this initialization process (anPCT/c#e®d/ 004689

during the remai nder of the print run) and can nake

what ever adj ustnents are necessary to bring the

i nsul ation and carbon prints into registration. It

shoul d be appreciated that the web viewer 222

(conprising, for exanple, 4 canmeras pointed at

| ocati ons above four corner of the substrate card)

views and forwards for display a snapshot_ of each of

t bl'ﬂofnatlcallywmetrx apd Y@&gtsﬁgmmdurmglpimmng Matke}200dp 1703 shown
eac a Ei? s S(I) 29 g)\éllg"‘ggog {otn} tic %%%dngg?ﬁgt{% on\sltﬁ%&ggmntmg as

C aﬁrﬁﬁé}ﬁaﬁxﬁe dtQh §&(ﬁﬁ61|1 Jo udgi Marks epd heezl (dsantiie 0Nahd 2108 as would
travels th roug@ t he gﬁpar atus. This system enabl es an

opeadasstoedby those sigHledm the ar drog the descTiphion hereiRs t nent
he may make has on the insulation to carbon
regi stration. Adjustnents the operator nmay nake
[0011'[)p cl ude, buFI@r 18 illattritesa vied oftan ins;mtiemrlaynr itcarbomn balves, for an
Scree

p]@p A g ht %-%lilveegl 1 grp qliagﬁl%yégf Ee@hstrﬁ gl?l% er}nsulatlon artwork is
r %r%%t)ﬁﬂhé ﬁlrgctfoﬂ Eﬁ}mng)ﬂﬁﬁ theGrydEWBYork© Thiithaf b&r even if the

een set up on this and other print stations
( La:snbng aud sselatio? 8Geemate zmsantelwzeamtbﬁdnn@smmheema lof she

¢ REbSHlHaY Peor el O PASrH Sykeanr P iEian ) 8 suge @

I §Rfwi & e Rrckd HiRAR RG89 tordler ROSbIk 1S alda g fhe dZetBon of travel
and 237C using marks 2101 to 2104) are allowed to take

owé thmbsﬁ'ﬁﬁﬂwb} NetrithasFID 1340 apesasthe top left, FIG. 18B the top right,

ERCCTRHRn, AATP Ol 0 R et g, woen

| AhdinSElatidn’ l%yéﬁo 28rbn ¢:§§F¢r @Sﬂ@adn immpampeo eadiecoDthafolir ¥orners

regi stration durin rintin an alternative .or

L rottshubgie DAY Ch b ShSTt5a bEGvesn ghe Tergn B OFANSH gt ing e 1701
asan&@%&jc Bén fé@&ﬁ 11996, B¥et ti8# bf {n8Glatith Ia?@r #®carbon layer
from Bescri pt n herein. 700110] FIG 18

i |datbt checked manialy lyf arnoperaten lusing secongd wesiorn senserr2Ign
| ayer for an enbodi nent of the invention with
i mproper registration when the insulation artwork is

[Oﬂlfl?nger i n t hgadh o aalstaRs @fvidW b RsSulbtid@laléi@o ¢abbR Tayer for an
wor k. This may occur even if the carbon and

i rtmhodtmcm of thedavention Witheimypuper s¢gisiration whies thy printed sulation

b ecause ﬁ’%&g eﬂt}% H‘{S‘é ﬁﬁthﬁ Pg&éﬂ h aVF(fé %}r@? edh O {créeﬁ%troke for the

S I IR AL TGS R Pay UeQbiSeed thaBsha of eleddaibin), yr ihe nmamntsmak may be
print along the direction of travel _of e Subst

wesbprtenibamthehef thepabon print wiong.c Note thafd I{So 694\69‘@65@?5@113 top left,
189%(}{ tfthtﬁ’eDto% r%m, FIG. 19C the bottom left, and FIG. 19D the bottom right of

sensor sheet 2106. When the insulation layer to carbon layer registration is improper at
one of the four corners uncoated substrate 242 can be observed between the rectangular
insulating line1701 and solid carbon rectangle 1700. The registration of insulation
layer to carbon layer can be checked manually by an operator using second vision

sensor 222.
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FIG 18C the bottomleft, and FIG 18D the bottom
ri ght of sensor sheet 2106. Wen the insulation |ayer
W@ 2008@8489N | ayer registration is inproper at oPEI/GB2G0BO04689
four corners uncoated substrate 242 can be observed
bet ween the rectangul ar insulating line 1701 and
solid carbon rectangle 1700. The registration of
i nsul ation |ayer to carbon |ayer can be checked
manual | y by an operator using second vision sensor
222. [00111] FIG 19 illustrates a view of an
insul ation |ayer to carbon |ayer for an enbodi ment of

[00112he i n¥EDs. i20A t0i20P drepehsputic ﬂ@@r@m dapidingtheresulfeof a process for

pri.nt ed i nsulation t f

P RERESE B AAON Pieb g o000y 1t 2180 Wi QB lorf carbon
t P&tadg[bslﬂ%t h(ﬂmv@ﬁisﬁlauﬁmyecbﬁgiﬂ@ﬁﬁﬂé 1101aholidvatcarbbn tdveangle 1703,
car bon, he insul ati on screen may be shorter than

t molid wrtangle faoam Brsfingh sngyme dayer 3090, 3R cingle frsthegggond

B
| GEFRENS AT, R JBP S iy B e
s assbdurblgariniZidiée byaatontdtie ongsinanspoctidnesysiems sudaasiospection
c STm 25 iR i S S he beeobon e L e Baregiiratian s
t i E RS ARG R carr AT BY 2 Repisthdidh & &eﬁqﬁotss%bbvﬁ) &@'o@ﬁi?ons 237A,

retangle 1700. The registration of insulation aye
t 8378 abd A3 TG yrethed AR dirccioreaide By raregisiraijorbgondiel wéqnalcmlﬂng at

u3| on SQks, 6 WO 2004/ 039897
n@@%’ﬁ%‘ﬁéﬁ%ﬂﬁ%ﬁ%&é Cho]g)OA to 20D are
scherratl c diagrans depicting the results of a process

for printing a second view guide 2002 (see FILG 21 A)
[0011%hi ch conpr iFEs2bAls ah exwpmbnof & wasergpe vittoofirshgiepogyide 2100

i ns |
r &C angf18 Qﬁgg&aggg(:)?(?r%tgf%@éo? r oms%rg(i?%e?s gﬁ%%‘?r%ahon
: ayRks %%‘ggl’thlmé iwgmtmtibﬁg@ﬂes immmgzgthdbmglsmn??mmks 2104; and
a an uncoat e S strate ona ,
a@ FPgbﬁtﬁaH?%m@éﬁ 24030 Nede t haggae%ﬁrratwg %rh%?f L@i W%&S carbon X
a%%&?a‘doﬁ 4% 02 aﬁ&‘ﬁﬁ&tﬁﬁb@ﬁ eSS AIth Abk2188. FIG. 21B is an

ection system 2 In sectfon 6 (after the second
erxylvdedpvient of. onOnge |ngum sqpisett shaeti 06iveth 4 gasbemK|rggistration mark

S phd feeBBL[vifs abids 2Pt “FliS FuTis B S5 RN VB B% row within
diskRGE kit 2106 With 8n iRdiafibh X 1eBRIraG6 Matk SNBtRMsbAl vy guide
at marks 2105 (see FIG 21 Ay in the "X' direction),

[ @002.3 Insplation Ximarkj 2 ngn@s@ém Yascasts earbemX segistrtion mgrk 2107 as

RIS i AR L8 g o

mark 2108) in advance of that of the original carbon mark 2107. This means that any

subsequent layers are printed in relation to the second printed layer (in this case the
insulation layer) rather than the carbon layer. This can be useful say if the second and
subsequent screen artwork dimensions are longer in the X direction (along the web)

than the first screen artwork dimension in the X direction.

[00114] An exploded view of one comer of the print guides is shown in FIGs.
20A-D, in the sequence in which they are printed. At section 3 of carbon print station
103, a solid carbon rectangle 1700 is printed along with a rectangular carbon line 1703,

which surrounds the solid carbon rectangle 1700. At section 4 of insulation print station
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mar ks 2102, third Y registration marks 2103, and

fourth Y registration marks 2104; and X registration
wOoreeokm3BI0D5. Note that X registration marks 21PGI/GB2003/004689

conprises carbon X registration mark 2107 and

insulation X registration mark 2108. FIG 21B is an

expl oded view of one row within sensor sheet 2106 with

a carbon X registration mark 2107 and second vi ew

gui de 2002. FIG 21 Cis an exploded view of one row

within sensor sheet 2106 with an insulation X

re istration mark 2108 and second_view g

|agestapguiariasatiopggmeet ol ﬁ%plynts%?tav&srlgt }léarr%szn rectangle
_r ?%d(%ﬂda&xé Q&t%ﬁr 2hB6n Be 1703, WHER TR a'tlpn Ec}wgérbgnllg?ﬁgtmn is
I N dolng so pr e t

Ides a trigger point and ed
s a(yrrﬂ:ft at zﬁhfdﬂr 208108)s tiypicaltivtharevidlf bet toencoéited kabstmategl4dahowing

" Boesn antid arpem isatpige DR apotrefsetpbins RGBT T e
%}(ﬁ{tloglhf‘y thistiof Sleoftlﬁ‘s%latioﬁsﬂr'in@&ﬂaﬁéh l@y Flere hrRtHS rmér@ @&ttangular

carbon layer. This can useful say if the second
amulagubheqybml punted rdlraqttlwahowe &lem@hdrcerbgnaﬁéangdmb@ These
di rec Wely! %@ on

L By Bt O 418 S bl Bty bR s Rl ph of firs

AgnShid B &%OOOQMVtHB‘mﬁﬂﬁlcﬁﬂ ran@fsedond epfymié lagbr 2088 tb She
shown |ngFI Gs. 20A-D, in tﬁf sequence in which they

afnsulstion dagr, this isdenei sorbypristing arspbidh rgstangle aftengyp ink within the
1 e

L5 BRSPS AELAOBA PS030 IR o
t Beurttoprirled RiybBIRan be kepigéred 17(he.sedindwad obio the fifst printed layers.
|nsulat|on rint station 37 WO 04/039897

Bezrdygniage that p ghange i atWArk 112 bSTWesn the fi5H apd seeond layers

1 §
1?%&‘“*&%]8[ %&&gﬁ%‘gﬁ%& Etg)rsgrgi sﬁle%g a?c@f]%l.(e ?ﬁ%t%'t &ation for
i rzahpleidon t¢ thedmatond temsiprs¢ncatiterediis thedhrsfrdmmgabnallw) can be

four corners typically there will be ng uncoated .

s ey G Nge ElrSnRrial s Bpb O REEEs RGPAIm s
gggcaﬁqgl e@@ﬁﬁ@&iﬂnﬁr insulating line 1701.

A

tlona y, at séction 4 of insulation print station
104, there are two nore rectangular insulation |ines

oS3 Pt SR B eSS 0B 22

t %élhcﬁﬂ% tHeYseASoTE Pnted ther & i§ béwAdundbydbwiddestinit BOZMEs then fed
| ayer 2000 to the insulation |ayer and second enzyne

| dgterpuncinios, avlnelemay hgrﬂoacxmple,aay%rpco pich W}sclmsrleca&si within a
b | j |
Yo B Rhich RS FRIS oS} FFICH PR T b Botster

2@anam drhéFoecolluth trbdstdtiondy e uséSDaJCUlD ﬂ&ﬂoﬁtsyﬁethw &yok at

can be registered to the second and not to the fir
pr PrecedPqtaywhish are printed on the Carbon print station, these allow the punch to

adjust to the carbon print and enable the punch to “punch” the cards out square. The
output of Punch 108 is a set of punched cards such as those illustrated in FIG. 21A.
Punched cards are ejected from punch 108 onto a conveyer belt, this conveyer belt
transports the cards under a barcode reader which reads two of the barcodes on each
card to identify whether the card is accept or reject in relation to the Web Database.
Automatic or manual extraction of rejected cards can carried out. The cards are then

stacked on top of one another in preparation for the next manufacturing step.
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This has the advantage that a change in artwork size
between the first and second |ayers (which may be

WO eqpaiossse? shoul d the substrate stretch after tPEr/GBe®B/004689
print station for exanple due to the heat and tension
encountered in the first drying zone 217) can be
accommodat ed wi t hout adverse effect on print
registration (a tolerance of 300mis typical in the X
direction). [001151 As illustrated in FIGs. 1 and 2,
at the end of the process, substrate 242, including
the sensors printed thereon is rewound by rew nder

[00116hi t 107 anditicarbon@nint station Hi% insylaian post stofinct4afiyab enzyme
for. | o ChE _
PR s BT ESR BUBE D b R RRRE Rty

Y inspbéting; thé&repddtiatign Bamstiately dwrche priitingRirecss Repaking first vision
registration systemuses _a CCD vision systemto | ook
asenS0PE By §equal yisigh sRorAZe, g!:#%n‘tl%an 6?1{%@%?%@\%}9? signsor 234,
S B .

. a?s%;%&ﬂrel}.t. rifo?eeagl éé&i’i’gx? Eﬁthﬁg&fé%ﬁ)rx{fgﬁn% AR g piéeess — Section 3,

on print and ena o0 "punch” "the cards
out 5 and 6r-¢herd e Wob VpewerafaimiermsyisteiB8odatedainmaediattly after the
punched cards, sugh t hgse. il lustrated in. FIG,,21A.
P FRGHEGPRAF TS o Het AA-76 SR AR G0aegifng): sThere e wo
CRAMEMS ht H&MtHon 3ldMdFosUARY AT eabiE bt SeclibRASPHd 6. ThEweb viewer
cards under a barcode reader which reads two of the

b aamete sragpareefzhmanal settup roesss ed bytthe Megb mpchineeneraters during

accept or.reject in.relation to e .\\eb .Dat.abase. ... .

A i PEGPRE e SoPant FitRed CupE brReahRRg waish aid e
C 3hikiaet-ap bf cbén sRdhgend (CsubEgite 282 a6k fistiatib® Petdice®iBulation
another in preparation for the next manufacturin

stleysr teeguhm koo fosgegymetrcsiogdrinuless, ar{fbmql%ilewme layer
SR et P byl AR A1 or

preattoniiat loghndédb, setdndhdse gaiderd 06 ifwsed w Bididateythe carbon print
i nspecting.the registratiqn il I at el fter the . .
OB [Htede Tk elge G pErgs 5 g ghsaibos peint sation
S @8N EnYieSk QToabfIpIRe ad 2 trdilild Gho/dsSiI@RraRRNAFIG2ZBA. The catbon
fourth vision sensor 234, respectively. For each

s grint Sradjustadnmtihvits limes itdicage thanthe pointisisqeprp Fothe substrate edge.

Section .3 , .5.and 6 - .th .e_\V\eb Vi
SJERR P endea Pk GO R i b S EABR R one e
stigkih SEfe Thdohine? Andihe NOdir¥tidn (A@¥ERIthd REdh bPthe)machiiR) See FIG.

are two caneras at Section 3 and four caneras_ each at
S@JHA. o directipnaggisatioprs cortolladdudhe intanel registgationsystem of the
of _a,man - : e '

oAy 8 5t B BBl AR PR AAE. om e
C arRb@spravit@ ydls@ttaitonVX edyigiratioh athrkat Kais priatedtin #iisladeh€The

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

carbon X registration mark 2107 to allow the insulation screen to adjust in order to
print the insulation ink in the correct position. The carbon X registration mark 2107
used for this purpose is then over printed with insulation X registration mark 2108 and
is utilized in the same manner to correctly register first enzyme layer 2000 and second
enzyme layer 2001 with the insulation print. Y direction registration is controlled by Y
registration system (not shown) located at positions 237A, 237B and 237C which in
one embodiment of the invention may be an Eltromat registration system, model

number DGC650 from Leopoldshdhe, Germany. This utilizes the printed areas 2101 to
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initial

and regi stration between insulation

set-up of carbon alignnment to substrate 242
| ayer to carbon

WO 2001039807 r st enzyne | ayer to insul ation | ayerPCHG#2003/004689
second enzyne | ayer
guides are illustrated indicated on FIG 21A. For

carbon print alignnent,
to indicate the carbon print

to insulation |ayer.

the edge of substrate 242 as it

pri nt station

The printing

second vi ew gui de 2100 is used
position in relation to
runs through carbon
103. There is a leading Iine and a

trko! g line as illustrated in FIG 21A. The carbon
pr 1cafgsl sk ICH 204 iOn eash prinhexslé n@admnelnshlation, [Bnzymel and

of E%’ﬂ?néﬁé%rﬁ“?‘? ool A T e
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| Ndafd Ola BaRdS! ihdhnb %béme%ffb
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VatgH rff‘?@&i fip e Qs*#thage wherttﬂcle«ébacﬂgﬁowa@m mdmdual

&) e'?ﬁ%fi@ypﬁa? Klformatlon
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to reject cards on this basis - whether the paraneters
were running within there tolerance limt.

who@ensysvabl e cards may be renoved at future pPOL/EB2@®3/004689
either manually or automatically. [00117] Table 3.
Section 2 1llre Section 3 Section 4 - Sectim - |ow 181
I Ncetion (:lHndition Carbon 1 nsalatinn Fn/y Inc ! 6
Vnr~-nic 2 Hot Plate 1 of 1 Drier Bank 1 Drier Bank 1
Drier Bank 1 Drier Bank 1 of 4 of 2 of 3 of 4 Drier
Bank -2 of Drier Bank 2 Drier Bank 2 Drier Bank 2
Drier Bank 2 of 4 1 of 2 of 3 of 4 Drier Bank 3 of

Web Speedd Bank 3 Drier Bank 3 Squeegee Squeegee Pressure
1 of 2 of 3 Pressure Drier Bank 4 of Drier Bank 4

Drier Bank 4 |Inside Hood |Inside Hood “%RH 1 of 2 of 3
[0011§H Squeegeehéqﬂeg hérﬂe?ticd(ﬁ aﬁgﬂ E)EOH Sinfiferti&O -f,ee[fﬁﬂused to

essure Préssure Qut si si de "Hood ©
ekt the teb Iﬂemdn@t(ﬁzesﬂ:e THe pdrafretqy Y fopgseiits thd‘direytlm from the

Tensi on 4Q WO 2004/ 039897 PCT/.GB2003/,004689
[@Gi@@}f qcrhamaz%mesmﬁe éﬁeewa*e PUTREBRdRG ymgélﬁ%%‘ﬁgta The
a%mezer@@ ﬁeé)@ esdi€ thd Arecli§¥ FrohinwiR€ u R0 P d FlwisiEr unit 107

ocess paranmeter Y represents the direction from
t t(typlaaﬂsf hanmntalb Theepararoetend r@r@ﬁ@ntsfth@ fizectieh perpepdiculgr to the X

" oA oL PR et CRPRSGHS bgngle around the 2

r SN GR o BH)'del%Q‘?lt ofﬁﬂéﬂh%ﬂoﬂ the F1kRNh@paramERes are used to register

paraneter Z represents the direction peérpendicular to
t e fllowing print process such as, for example, carbon print station 103, insulation

print station 104, first enzyme print station 105, and second enzyme print station 106.

[00120] In one embodiment of the present invention, the output of the web
manufacturing process is cards printed with artwork comprising Carbon, Insulation and
two identical Enzyme layers printed in register with one another to form strips each
containing an electrochemical sensor and associated contact electrodes for detecting
Glucose in a blood sample. The strips are used for self-monitoring of blood glucose in
conjunction with a meter. Productions of several designs of strips are envisaged. At
present the web is designed to produce “One Touch Ultra” strips for use in the One
Touch Ultra meter which is available from LifeScan, Inc.

[00121] A schematic diagram sample of the artwork produced is in FIG. 21A. This
illustrates one complete printed card, which contains 10 “Rows” of 50 “Strips”. There
are a total of 500 “Strips”™ per card. Print orientations are also indicated. By printing
rows 0 to 9 (each of 50 strips) parallel to the direction of print, the process can be easily
extended to inclusion of a cutting step separating one row from another. Furthermore
this means that any defective rows resulting from cross web variation in print quality
(perpendicular to the direction of print)can be identified easily. Each row is allocated a
number (identified by a barcode) and therefore specific rows from specific sheets on

the web can later be identified with reference to the database and eliminated without
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and Y directions (typically vertical). The paranmeter O

represents the angle around the Z axis. In an
wepdvaasasent of this invention, the foll ow ng pECEHGBR@®BEH04689

are used to register the follow ng print process such

as, for exanple, carbon print station 103, insulation

print station 104, first enzynme print station 105, and

second enzyme print station 106. [00120] In one

enbodi nent of the present invention, the output of the

web manufacturing process is cards printed with

artwork conprising Carbon, Insulation and two
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anot her to f r. eac con niNng an
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The strips are used for self-nonitori n& | ood
)
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3,%%%' Eokeea O 1K st L TR B BB OrS i My (2 alged by
. t
Cont gr Ay 1“‘8 cyfthéet, S&%?ﬂ Eﬂﬁm{éekevﬂebn&ﬁ%%ﬂcm@ﬁ‘ (\ﬁﬁh dlfferent

Rows" Thére are a total
ofm&hNditBeter pﬁthrqmdnn dwrdeShPﬂlreﬂd sepiretiom thiokness meeshiceent ) are

T e o

t?[?é%%? kSR thE cubys webpemiRprbcess (akBonl BRulafiod enzyme).
ng step separating one row from anot her

FurthernDre this nmeans that any defective roms
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entlfled gx a barcode) and therefore specific rows
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t hadseedn tnd sq@icegde did)do vpiithizesheptint pTodess fon c}eg@tecés:num Sensors.

yi el d of usable product fromthe process and renders
t he whol e process -nore efficient. [00122] The novabl e

(00184 bst antd &lhMadil 5 8 8 wdbIRBR N ERhdin c?"finbbesk 6t hatisct@ing

Ink (solird/l'iquid conbinations) use n the printing
of eledtrchensichlerensas, thewshexpandher &h@@cb@e as #ivheated|uwp and placed

Zﬁ@%@cﬁgﬁgﬁﬁ?& oSt i tiog i e Rhiefy bbb, nsutation,

)edyﬁﬁhneeiuﬁmr@ﬂillo&%awrasarﬁhg@tmu beordbt ol the inks
by rotogravure or cylinder screen printin A variety

of effigigatly e dsier slationsyiperpteiatiquite bigh temperatures (50-140 degrees
centigrade). Furthermore to aid registration of the web through each printing station,

the web is placed under tension.

[00125] The substrate has to be kept under tension to control registration within the
process, as a result, whenever the substrate is heated for example to dry the inks after
printing, the substrate will stretch unpredictably causing image size variation in

subsequent prints.
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mesh, dianeter of thread in the nesh, thread
separation, thickness, nesh count) are readily
weommesshal |y avail able to cope with the diffeP@nGB2003/004689

requi renents of different types of ink in the

conti nuous web printing process (carbon, insulation,

enzyne). [00123] Because of the arrangenent of the

flat screen, print roller, substrate and a squeegee

urging the screen towards the substrate, a variety of

paranmeters are available to be manipulated (screen to

substrate angl e, squeegee angle, screen to squeegee
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to ard registration of the web throu each printing
sthettimgnand tehdon)eindishripting efithervddbrsubgradé.on. [ 00125] The
substrate has to be kept under tension to contro
registration within the process, as a result,

[0012')‘;: enev e BEbIehitsHsirRich ahd tdaSRhAMded At cAURTRE Sani@pi@bMms in flat bed
the inks after printing, the substrate will stretch
urpeingidz.c Talsblye dbamiohtyni imethe wsb peoogss; prershonki sybstrate was tried. The

[ GORSeRe Wi R OL 0 o S g ey Pl B B i e et

stRbéea Hewdelet, ehéaRtioR n HRMRIsie rhmdained a ptebl@ngdnd caused reduced
size, ink viscosity, relative web and stencil/screen
spédds-and substrate stretch at that point (both
reversible and irreversible stretch) etcThe i mage size
vari ation (between different printing steps) when

[00128)0ked Hie dunencpdpodal fdrehewols peressds thefuse nflhigh temapgratures in a

I't_was.unpredictabl e and. higheg .than .expecte .
si i dig anid rrp_éweﬁw@newe% %@5@?@&%@ ffdRFEtiese so that in one
ggéox\réhﬁl?fb, L RISl S8 ch & MBIt AN SRV &1 BE:BIREubRAB, prior to an

rons along the web (x-direction), the product
wi illage beingprinted dngthe substrsieve | mage size variation was
t hought to be. due to excessive and unpredictable
stretching (due to heating and tension) and shrinking

[0012Y] t he WebhSthobéaing station in the web machine, a drier bank heats the substrate
up to 160 degrees centigrade. The temperatures encountered by the substrate later in

the process, typically do not exceed 140 degrees.

[00130] In FIG. 2A the first heater bank that the unprinted substrate encounters is the
hot plate. This is a Teflon coated plate, which lifts and contacts the substrate during
motion of the web. The heat is introduced to the back face of the substrate. This is
currently running at a set point of 160 °C with a specification of +/- 4 °C. The 160°C
set point statistically provided the best dimensional control. The calculated mean is

160.9 °C. In Bank 2 hot air is introduced to the front face of the substrate at a set point
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[001271 The problem of stretch and tension does not
cause the sane problens in flat bed printing. To
W@ 008@398hE probl emin the web process, pre-shreeiRGB2003/004689
substrate was tried. The substrate was heated to
around 185 degrees centigrade before being used in the
web process. However, the variation in inage size
remai ned a problem and caused reduced vyields.
[001281 The current proposal for the web process is
the use of high tenperatures in a first drier or
rat her nditioned at a.sufficiently high

preco ) 1 )
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exceed 140 deélé%ﬁeaggd F%&%Q%OWOE?G 2A the first

heat er bank that the unprinted substrate encounters is

e ho late. . This. is.a Teflon coated plate, which
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supstrate at set point 43 WO 2004/ 039897 o

PEe matenieky been nesepved ffomh the substtate praertto printiig. +/ -

4C. The cal culated nean is 161.29 T. In Bank 3 hot

air is introduced to the front face of the substrate
[00133] a sdt wilbbeitecogniz&thé: etjuivalent stepaic§ inag e @bsdituted forfhe

C.T | at.ed o 161.18 C. I n Bank 4 hot ai
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ofin¥eptope i additidng it shoeldibeamterstood that every stiudtaret described above has
dr.i . substrate i s stretched b . .
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of the primary reasons for utilizing Station 1 as a
recondjitioning unit to stabilize the substrate prior
10013}, 5 yp J¥bilkpretesred pryheginents pithe pree invmtion hetediden shdwn and
t QeBe@NLield ANy te imroves the stability.
ofeRaBEPRelel Ao oHonS sl ol WORHP et sk oerboliments are
provided by way of example only. Numerous variations, changes, and substitutions

will now occur to those skilled in the art without departing from the invention. Tt
should be understood that various alternatives to the embodiments of the invention
described herein may be employed in practicing the invention. It is intended that the
following claims define the scope of the invention and that methods and structures

within the scope of these claims and their equivalents be covered thereby.
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the material stretch has been renpved fromthe
substrate prior to printing. [00132] It will be
WO ewesusged t hat equi val ent structures may be PCT/GB2003/004689

substituted for the structures illustrated and

descri bed herein and that the described enbodi nent of

the invention is not the only structure which nay be

enpl oyed to inplenment the clained invention. In

addition, it should be understood that every structure

descri bed above has a function and such structure can

be referred to as a nmeans for perform ng that
WHATIR CLaNMHDE:33] Wil e preferred enbodi nents of the

present invention have been shown and descri bed

herein, it will be obvious to those skilled in the art

t hlat s ué matindsbafi manifactaning amﬁlwfdéh&nﬁyldswyog%n@iﬁﬁﬁgb%ubstrate,
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.and structures wthin the scope of these
comp%ﬁg?ﬁs%}gﬂgg%hei r equi val ents be covered thereby. 44 WO

2004/ 039897 geantieB2003/ 004689 WHAT IS CLAIMED IS: 1.
A met hod of mRRMiAchUri ng an el ectrochem cal sensor
conprising a substrate, and at |least two |layers to be
printed on t3¥8si8y#%k rate, the nethod conprising
transporti ngit fea¥dne sefvehie substrate past first and

second pri ntyigdréh ia%ght@at% ¥ Qgglyegtbicgﬂmn @)ﬁg’a%ktlé @%g%nge of from

bet ween said print stations, cool i ng stati

4:1t9 bdzandd bet ween the drying station and the second
print station; printing a conductive ink |ayer on the
subst r avherein ajweighi ratiapispom efigrepkite artdecatbondtlaqhrtd nésin is in a

rangeOf #HonPM0:0¥o AR! Yi Ng a conductive ink conposition to
ate, .the conductive ink conposition

t he suhst

c 2’%?5 gl—?sér SiyRAnFive:nk layphenthsisubitrate in thediying dationand cooling
the prirdeds substrate dwtheanblingbteti®ti beforeiRinias alsdédifd 18fer 8h jﬁfé_rﬁubﬁrate as it
is tradsBortd PRPa Qéc%ﬁ&p{*irslt i range of from 4:17to 1:4; and

2. The method of claim 1, wherein the solvent in the conductive ink composition

has a boiling point between 120 °C and 250 °C.

3. The method of claim 1, wherein the solvent in the conductive ink composition

includes isophorone, diacetone alcohol and methoxy Propoxy propanol.

4. The method of claim 1, wherein the resin in the conductive ink composition is a

terpolymer that includes vinyl chloride, vinyl acetate and vinyl alcohol.

5. The method of claim 1, wherein the ratio of graphite to carbon black in the
conductive ink composition is approximately 2.62:1 and the ratio of the sum of graphite and

carbon black to resin is approximately 2.9:1.
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wherein a weight ratio of a sumof graphite and carbon
black to resinis ina range of from10:1 to 1:1;
waleopirdpsvhe first conductive ink [ayer on the BUDEBR@BO04689
in the drying station and cooling the printed
substrate in the cooling station before printing a
second | ayer on the substrate as it is transported
past a second print station. 2. The nethod of claim1,
wherein the solvent in the conductive ink conposition
has a boiling point between 120 C and 250 C. 3. The
met hod of claim1, wherein the solvent in the
conductive ink conposition includes isophorone,

di_acet qne al cohol .an t hox .0R0OX opangl.. .4.. T .

6 hod 106 EAGHHET FB LB 3 of HEREAR e i e Hcuctive
ink cdnibosRIIMA approRitadtdly 35 nli€foR®! ymer that includes viny

chl oride, Vinyl acetate and vinyl alcohol. 5. The

method of claim11, wherein the ratio of graphite to

carbon black in the conductive ink conposition is. .

aplpr oxiThetesthodofpiaim hyheria thedrymestepdsies dagsopductive ink
comp@§iaoR ia€ha Wben ﬁgﬁlb@@ﬁo eAibstiAle hESinpelatre Bpﬁ%xomta&lly 140 °C.

2.9:1. 45 WD 2004/ 039897 PCT/ GB2003/ 004689 The

met hod of claim11l, wherein a particle size of the

grgaphi theimethddoLaaiaut twihveein ithiekdrymgsoepi driesthé eonductive ink
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conposi tion that has been applied to the substrate at

t gjrper alt*ﬂé\rlgﬁetﬁtf)d PR Rl Hé @ ying st halR&IbRIOAQH a@hnge of 30

claim1, erein the drying step dries the conductive
secondp ko 6QPgsE8I% | on t hat has been applied to the substrate

with an air flow of 60 nm3/mn. 9. The nmethod of claim

1,, wherein the,drving, step .h duration,in r ange

o100 Thecefied pEVfHGY LoEReE the BurEnear stnGré 8P e
accorniplishhé nsing atchatifivoas sebihsaidpracads.pri nti ng steps are

acconpl i shed usi ng a conti nuous web-based process. 46
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