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TITLE: ELECTROCHEMICAL CELL

FIELD OF THE INVENTION

This invention relates to an electrochemical cell for determining the
concentration of an analyte in a carrier.

5 ' BACKGROUND ART

The invention herein described is an improvement in or modification of the
invention described in our co-pending application PCT/AU96/00365. the contents of
which are incorporated herein by reference.

The invention will herein be described with particular reference to a biosensor

10 adapted to measure fhe concentration of glucose in blood. but it will be understood not to
be limited to that particular use and is applicable to other analytic determinations.

It is known to measure the concentration of a component to be analysed in an
aqueous liquid sample by placing the sample info a reaction zone in an electrochemical
cell comprising two electrodes having an impedance which renders them suitable for

15  amperometric measurement. The component to be analysed is allowed to react directly

or indirectly with a redox rcagent whereby to form an oxidisable (or reducible) substance



~

whi ch are incorporated herein by reference. The invention

w I.I herein be described with particular reference to a biosensor 10
adapted to rreasure t he concentration of glucose in blood, but it will be
under st ood not Q7718464 be limted to that particular use and is aJapI i cabl e
to_ot her anal va §8%r ni nati ons. It is knoR"aWM24ure the
concentration of a conponent to be anal ys@d in an aqueous liquid

sanpl e by placing the sanple into a reaction zone in an el ectrochem cal
cel I conpri si ng In samsusicomesdenslinig av the gongentratinped the conponént kv teanahesed Theem
‘suitable for 15  anperonetric neasurenent. The conponent to be anal ysed
is allowed to ranantitydif theeridisable (or reducihic)isuhdiancs presnt isithen estimagdox r eagent
whereby to form an oxidisable (or reducible) substance
-2- i n glectzoghemitally o Geresatip thili mehddoeduires sofficieatrsepazatiboof tinf eldchrades
conponent to be anal ysed. The gquantity of the oxidisable (or
reduci bl e) subssatheeelqsirelssisprodusts ttvan elestodaernmd reach the othereleaskie aheni cal | y.
Generally this method requires sufficient separation of the el ectrodes
so that el ectr olingfes withatepbesss atthesttet detmddiaricathepdriod efradusirkigennt her
el ectrode and 5 interfere wwth the processes at the other el ectrode
during the period of Inmeersupeningtapplication we described a novdl method fo€ detgaminihig the
application we described a novel nmethod for determ ning the
concentration of the reduced (or oxidised) form of a redox species in an electrochemical
cell of the kind comprising a working electrode and a counter (or counter/refcrence)
clectrode spaced from the working electrode by a predetermined distance. The method
10 involves applying an electric potential difference between the electrodes and selecting
the potential of the working electrode such that the rate of electro-oxidation of the
reduced form of the species (or of electro-reduction of the oxidised form) is diffusion
controlled. The spacing between the working electrode and the counter electrode is
selected so that reaction products from the counter electrode arrive at the working
15  electrode. By determining the current as a function of time after application of the
potential and prior to achievement of a steady state current and then estimating the
magnitude of the steady state current, fhe method previously described allows the
diffusion coefficient and/or the concentration of the reduced (or oxidised) form of the
species to be estimated.
20 Our co-pending application exemplifies this method with reference to use of a
“thin layer electrochemical cell” employing a GOD/Ferrocyanide system. As herein

used, the term “thin layer electrochemical cell” refers to a cell having closely spaced

electrodes such that reaction product from the counter electrode arrives at the working



concentration of the reduced (or oxidised) formof a redox species in an
el ectrochem cal cel " of the kind conprising a working el ectrode and
a counter (or counter/reference) el ectrode spaced fromthe working
el ectrode by a wesakesm ned di stance. The nethod 10 i nvelyReeddaRlayi Ng
an:electric potential difference between th3e el ectrodes and sel ecting

the potential of the working el ectrode suc'h that the rate of

el ect r o- oxi dati on ,of rm.of. th

el ectro-reducti on® l?ffmfiehz N pastigs: %&eﬁa&% ielectrpdrs in such a
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application exenpl s nmet hQqd with ref "thin
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counter el ectrode ar r& yes at the work ng
state. GOD. an enzyme catalyst. 1:, not consumed during the reaction so long as excess
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mediator is present, Ferrocyvanide ([Fe(CN)s]"') is the product of the total reaction.

10 Ideally there is initially no ferrocyanide, although in practice there is often a small
quantity. After reaction is complete the concentration of ferrocyanide (measured
electrochemically) indicates the initial concentration of glucose. The total reaction is the

sum of reactions | and 2:

GOD
15 glucose + 2ferricyanide — gluconic acid + 2ferrocyanide reaction 3

“Glucose™ refers specifically to f-D-glucose.

* The prior art suffers from a number of disadvantages. Firstly, sample size
required is greater than desirable. 1t would bé gene're.llly. preferable to be able to make
measurements on samples of reduced volume since this in turn enables use of less

20 invasive methods to obtain samples.
Secondly, it would be generally desirable to improve the accuracy of
measurement and to eliminate or reduce variations due, for example, to cell asymmetry
or other factors introduced during mass production of microcells. Likewise, it would be

desirable to reduce electrode “edge™ effects.



-3 - el ectrode. In practice, the separation of electrodes in such a

cell for neasuring glucose in blood will -be’less than 500 m crons,
and preferably |ess than 200 mi crons. The chemi stry used in
the exenplifie eJ Sekt ochem cal cell is as follows: gl ucose
+ GOD [err] gl Uconic acid + GOD* PELAVISM24 5
GOD* + 2ferricyanide [err] GOD + 2ferrocyahi de reaction 2
where GOD is the enzyme gl ucose oxidase, and GOD* is the 'activated

enzyne. Fer ri cYhirdlyd ein¢e] thaeqelD\irg éspo}sa]b[eeafum] Use, jitgs deligablertiatithey be ' Whi ch
returns the GOD* to its catalytic state. GOD, an enzynme catalyst. is
not consumed durdapabletdfeassquatiuction atrelatighyjowsostxcess medi ator is

present. Ferrocyanide ([Fe(CN)[err]][err]) is the product of the total
reaction. 10 | deal PISGLOSUREIGF ThE INVENNIONo f errocyani de, al though in
practice there is often a snall gquantity. After reaction is conplete
the concentrati on of Aesordingytepicchepetttheaigvantich consists in aglethod plroduefactalol v )
indicates the initial concentration of glucose. The total reaction is the

sum of react iSonsanleleatnath@yical cell comprising the steps of: GOD 15
glucose + 2ferricyanide [err] gluconic aci-d + 2ferrocyani de
reaction 3 " G feouisg tin aperfiee extengiog tHrough h kheettof elparically Esxglvammal

The prior art suffers froma nunber of disadvantages. Firstly, sanple size
required i s greatidmpirtuerdefinag 7 9idx waall ofthewellsl d be general ly preferable to be
able to nmake measurenents on sanples of reduced volunme since this in
turn enabl es use of | mewting a first thin electrode layer to one side of the sheet and extending over
the aperture whereby to define a cell first end wall:
10 mounting a second thin electrode layer to the other side of the sheet and
extending over the aperture whereby to define a cell sccond end wall in substantial
overlying registration with the first electrode; and
providing means for admission of a liquid into the cell defined between the side
wall and said end walls.
15 The first and sccond electrode layers may be conductors or semi-conductors and
may be the same or different. Noble metal electrode l_ayers are preferred.
: _In pfefgrred er_nbodimé,nts of the invention the aperture is of circular cross-
section :Nhercby"fthe siﬂc wall is cylindricaf -and ;he ﬁfst and secoﬁd electrodes éover the
aperture.
20 DESCRIPTION OF PREFERRED EMBODIMENTS
The invention will now be particularly described by way of example only with
reference to the accompanying schematic drawings wherein:

Figure 1 shows the product of manufacturing step 2 in plan.

Figure 2 shows the product of Figure 1 in side elevation.



20 I nvasi ve net hods to obtain sanpl es. , Secondly, it would
be generally desirable to inprove the accuracy of measurenment and to
elimnate or reduce variations due, for exanple, to cell asymetry

or other factorsggdhigesuced duri ng mass production of m croeetrlabosderzéewni se,
It .woul d be desirable to reduce el ec#rode "edge" effects.

-4 - Thlrdly si nce the cells are disposable after use, it

is desirable that they_b tion at relatively
| ow cost . Fig ““Iﬁl g‘lﬁ”l_s&‘ljﬁ%a ﬂﬁl:’"e Ff%#&g

According to one aspect,the nve e} n5| d of manufacture
of 5 an electrocheM&¥*s ‘évl'sl'pecpdﬂ{g'?ﬁg ?‘E‘gm%tﬁg {F) Pag

form ng an apertur € exiendISLPﬂ%wsdé%Rr%FIﬁté)fghggﬁ%%ér?Er T%l-sgc%%) {:Cl"f}le 5% tfﬁ-‘?l Std Ve

materi al . sai d he ce
mounting a first thin lectr i de of .t he sheet and
ext endi ng over (t% B {’e‘}lrﬁ’/ér"l'&tr"g L?%“ﬁ‘é'?sw LWPEY | first end wall,

10 et ang  THNg A ks the produSt e %ﬂr% o QY5 cbQidae Other side of the
Figure 8 shows the product of Figure 6 in end elevarion.
Figure 9 shcws the product of manufacturing step 7 in plan.
Figure 10 is a cross-section of Figure 9 on line 10-10.
Figure 11 shows the product of Figure 9 in end elevation.
10 Figure 12 shows a cell according to the invention in plan.
Figure 13 shows the call of Figure 12 in side elevation.
Figure 14 shows the cell of Figure 12 in end elevation.
Figure 15 shows a scrap portion of a second embodiment of the invention in
enlarged section.
15 The construction of a thin layer electrochemical cell will now be described by
way of example of the improved method of manufacture.
S_tep 1: A sheet- L of -Melir.xe,x@ (a chemically inert, and electrically resistive
Polye.thyléhe Térephtfnalaté [“PE’]"']).apprcxim'atfely 13cm x 30cm and 100 micron thick
was laid flat on a sheet of release paper 2 and coated using a Number 2 MYAR barto a
20  thickness of 12 microns wet (approximately 2-5 microns dry) with a water-based heat
activated adhesive 3 (ICI Novacoat system using catalyst:adhesive). The water was then
evaporated by means of a hot air dryer leaving a contact adhesive surface. The sheet was

then turned over on a release paper and the reverse side was similarly coated with the

same adhesive 4, dried. and a protective release paper 5 applied to the exposed adhesive



extendi ng over the aperture whereby to define a cell second end wall in

subst anti al overlying registration with the first el ectrode; and
provi ding means for adm ssion of a liquid into the cell defined between the
si de wablo Fifesdi d end walls. 15 The firsg and second

el ectrode | ayers ‘may be conductors or sem -conductors and C““UNMWEV be the
same or different. Noble netal electrode 1éayers are preferred.
In preferred enbodi nents of the invention the aperture is of circular

Cross- s sutfacen Therdgestwere thimmed @obiaila shéet unifpimly degtedoh bothdidesdeitlf i r st
and second el ectrodes cover the aperture. 20
DESCRI PTI ON OF PREfERREDIEBEDoRdErd By release paper. The invention will now
be particularly described by way of exanple only with reference to
t he acconpanyi ng schebtet 2:cTheshesi witfsprovetiveetease papers was cut into strips Fiegghr € 1 shows
t he product of manufacturing step 2 in plan. Figure 2 shows
t he product of Mbouddmm xi2i0mmdEgweselv3it i on. Figure
3 shows the product of Figure 1 in end el evation.

5 Step 3: A strip 7 of adhesive-coated PET from step 2 with release paper 2, 5 on

respective sides, was placed in a dic assembly (not shown) and clamped. The die
assembly was adapted to punch the strip with a locating hole 10 at each end and with for
example 37 circular holes 11 each of 3.4mm diameter at 5Smm centres equi-spaced along
a line between locating holes 10. The area of each hole 11 is approximately 9 square

10 mm.

Step 4: A sheet 12 of Mylar® PET approximately 21cm square and 135
microns thick was placed in a sputter coating chamber for palladium coating 13. The
sputter coating took place under a vacuum of between 4 and 6 millibars and in an
atmosphere of argon gas. Palladium was coated on the PET to a thickness of 100-1000

15  angstroms. There is thus formed a sheet 14 having a palladium sputter coating 13.

Step 5: The palladium coated PET sheet 14 from Step 4 was then cut into strips
14 and 15 and a die was used to punch two locatiop holes 16 in each strip, at one end -

..(Figures 6, 7and8) .St;ips., 14 a;nd.lsld-iffe;' oﬂiy m dimension stﬁps 14 béiné.25mr'n X
210mm and strips 15 being 23mm x 210mm.

20 Step 6: A spacer strip 7 prepared as in step 3 was then placed in a jig (not
shown) having two Jocating pins (one corresponding to each locating hole 10 of strip 7)
and the upper release paper 2 was removed. A strip 14 of palladium coated PET
prepared as in step 5 was then laid over the adhesive layer, palladium surface

" downwards ,usi_n-;g the jig pi.'ns'to align_thé..loca@ing:.hdlés 16 with the underlying PET



Figure 4 shows the product of manufacturing step 3 in plan.
Figure 5 shows the product of Figure 4 in cross-section on line 5-5 of

Figure 4. Figure 6 shows the product of manufacturing step
5in plan. 5O 9718464 Figure 7 shows the product of Fi d’ﬂ’é‘“@"?“ﬁg‘si de
el evati on. Fi gure 8 shows -t’he product of Figure 6 in end

el evati on. Figure 9 shows the product of nmanufacturing step
7 in plan. strip 7. This combiiagjom wasltieni pessed drogglsa bmirtalop porarisiriggsetef fingn | i ne
10-10. Figure 11 shows the product of Figure 9 in end

el evation. 10 rollers, one of whigh wasradapi€d ts heawbe sideedatingaapatindlivn godtasl RBTestrip

I nvention in plan. Figure 13 shows the call of Figure 12 in
si de el evati on. 14. Theroller on the oppofilcgide of thd step@wes tdededc Bl thipfmedns.gualyahel 2 i n
end el evati on. Figure 15 shows a scrap portion of a second
enbodi ment of t hadhesixedetweemthe palladium of step i hagRETserirt 7 w#s. activiefed. The
construction of a thin'layer electrochemcal cell will now be described by

way of exanpl& of t he Siepdr GEEdiripgtvas chenfurmed nwdracd locaed in the jig with the release St ep
1:. A sheet | of Melinex (a chemcally inert, and electrically resistive
Pol yet hyl ene Ter eptitghmpatmest] TREEehse caping ons pealed bff adBerond p3ldinatvdied 00

m cron thick was laid flat on a sheet of rel ease paper 2 and coated
usi ng a Nunber 2stligyARvizanlacedopadiadi@f side ddvimcdonissspaskd ddbesivecsudfe usiag the
(approximately 2-5 mcrons dry) with a water-based heat activated

adhesive 3 (I Cl INcnting pias tosigr bestuisd. nigjs assenallly wis mdiressed again thiveghvat er was
then laminator of step 6. this time with the hot roll adjacent the palladium coated Mylar'j’
10 added in step 7 so as to activate the intervening adhesive (Figures 9, 10 and 11).

Step 8: The assembly from step 7 was returned 1o the die assembly and notches
17 punched in locations su as 10 extend between the circular holes } | previously
punched in the Melinex "’ PET and the strip edge 17. Notches 16 extend so as to
intercept the circumference of each circular cell. The strip was then guillotined to give

15 37 individual “sensor strips™. each strip being about Smm widc and each having one thin
layer cavity cell (Figures 12. 13 and 14).

There is thus produced a cell as shown in Figﬁres 12.13 or 14. The cell
cofnp}ise's a first electrode con_sistin'g of PET layer 12. a palladium layer 13. an adhesive
layer 3, a PET sheet 1. a second adhesive layer 4, a second electrode comprising

20  palladium layer 13. and a PET layer 12. Sheet 1 defines a cylindrical cell 11 having a
thickness in the cell axial direction corresponding to the thickness of the Melinex® PET
sheet layer 1 together with the thickness of adhesive layers 3 and 4. The cell has circular

palladium end walls. Access to the cell is provided at the side edge of the cel] where

notches 16 intersect cell 11.

Thig -




evaporated by neans of a hot air dryer |eaving a contact adhesive surface.

The sheet was then turned over on a rel ease paper and the reverse
side was simlarly coated with the sanme adhesive 4, dried. and a
protective rel er 5 applied to the exposed adhesive

-6 - suriléE !;“P&?he edges were trinmed to obtain a sh&&T/AYMAORN v
coated on both sides with tacky con®act adhesive protected by

rel ease paper. Step 2: The sheet W|th rotective rel ease
papers was cut into sinnreferred embgdipents of the inventing; a seapiity beanglsed (i gur es 1- 3) .

Step 3: Astrip 7 of adhesive-coated PET fromstep 2 with

reI ease paper 2,intodgped to the cell hysapillary pesien.sThesamplesplagidonsantact with aoteh Hssenbl y
(not shown) and cl anped. The die assenbly was adapted to punch the
strip with a | octdisfgoniaeeuslyciravn by semllasnatiemintoshe dellfdisplaced air fromethacelll € 37
circular holes 11 each of 3.4mm di aneter at 5nm centres equi-spaced al ong
a |line between |vsaingifrap theprposit@otci e A susfactart manbhintiuded inthe capillapyppaxi nat el y
9 square 10 nm Step 4. A sheet 12 of Mylar[err] PET
appr oxi mat el y> 21te Asistinarawingin the 3gnple. m crons thick was placed in a

sputter coating chanber for palladiumcoating 13. The
The sensors are provided with connection means for example edge connectors

whereby the sensors may be placed into a measuring circuit. In a preferred embodiment
this is achieved by making spacer | shorter than palladium supporting sheets 14, 15 and
by making one sheet 15 of shorter length than the other 14. This forms a socket region
10 20 having contact areas 21. 22 electrically connected with the working and counter
electrodes respectively. A simple tongue plug having corrcsponding engaging conduct
surfaces can then be used for electrical connection. Connectors of other form may be
devised.
Chemicals for use in the cell may be supported on the cell electrodes or walls,
15 may be supported on an independent support contained within the cell or may be self-
supporting.
L In one -embodimént_. chemicals for use in the cell are printed onto the ﬁalladium‘
- surface of the electrode imr;nediaie]:y aﬂér step 1 at which stage the freéhly-deposiled
palladium is more hydrophilic. For example, a solution containing 0.2 molar potassium
20 ferricyanide and 1% by weight of glucose oxidase dehydrogenase may be printed on to
the palladium surface. De;irably, the chemicals are printed only in the areas which will
form a wall of the cell and for preference the chemicals are printed on the surfacc by
means of an ink jet printer. In this manner, the de_position of chemicais may be precisely

controlled. If desired. chemicals which are desi_rably separated until required for use



sputter coating took place under a vacuum of between 4 and 6 m|llibars and

in an at nosphere of argon gas. Pall adi umwas coated on the PET to a
t hi'ckness of 100-1000 15 angstrons. There is thus forned a sheet 14
havi ng a pal | adiwg;@pw‘ter coating 13. St ep peir/alBE00724

pal | adi um coat e sheet 14 from Step 4 s then cut into strips

14 and 15 and a die mas used to punch two lOcation holes 16 in each strip,

at one end raonly in
di mensi on strips % y ﬁhﬁfr&*‘% tggﬁrs ?ﬁ'%g'ﬁl#ﬂ@@g 1{3 ]gl ng 23nm X
210mm 20

then placed in a PP&”{"H‘&Y“ thde °'°mp°5§ﬁg\%%besﬁt5§/é£§" ?,,Qgsfmﬁg d%g’ug{}r?gtt gng e
el east paper 2 wide AR N Sy e 5 pomL P tical oy °‘%@'§t=‘r9§°’”9 >
Brface. " G %ﬁwﬁ’?ﬁo 2o Prgiss e AT i A S 1l BT 16
\-M t7h-t e unde;lts?/: g‘g 6°"F’1‘ﬁp§ by Bipgits-ia he saditignal ’Pﬂ@ﬁraﬁ eé‘avetnhsrugsﬁa‘?fngy Fani nat or
conprising a set of pi heat

d te
the side bearing &W&Fquﬁvﬁﬂ?Tat?%‘fréi&"‘iﬂE‘FiE‘Pﬁr’l "eed"mbep'i'ﬁggaof a f"@?rtgﬁ t he

opposite side of the strip 7 was cooled. B mean
PP electrodes and may instead be ?mpregnateX mto a gauze merr%ﬁrane n -woven fabric or

the like contained within. or filling, the cavity (eg inserted in cell 11 prior to steps 6 or
7). In another embodiment the chemicals are formed into a porous mass which may be
10 introduced into the cell as a pellet or granules. Alternatively, the chemicals may be
introduced as a gel.
In a second embodiment of the invention a laminate 21 is first made from a strip
14 as obtained in step 5 adhesively sandwiched between two strips 7 as obtained from
step 3. Laminate 20 is substituted for sheet 1 in step 5 and assembled with electrodes as
15 insteps6and 7.
There is thus obtained a cell as shown in Figure 15 which differs from that of
Figures 9 to 1 1in that _Ihe_ cell has an annular electrq_de disposc_d betwéen the ﬁr'st and
" second e]ec::trode. This-electrode can for exax'nplc'e' be used as a reference electrode.
It will be understood that in mass production of the cell, the parts may be
20  assembled as a laminate on a continuous line. For example, a continuous sheet | of PET
could be first punched and then adhesive could be applied continuousty by printing on
the remaining sheet. Electrodes (pre-printed with chemical solution and dried) could be

fed directly as a laminate onto the adhesive coated side. Adhesive could then be applied



adhesi ve between the palladiumof strip 14 and PET strip 7 was acti vat ed.

5 Step 7: PET strip 7 was then turned over and located in the
jigwith the rel ease coating uppernost. The rel ease coati ng was
peel ed of f and pal | adi um coat ed strip 15 was_pl aced pal | adi um
si de down on tR@S@%%gged adhesi ve surface using the P&Béﬂ?%ﬂ%‘pins to
align the strips. this assenbly was nom/pAQSed agai n through the '
| am nator of step 6. this tine with the hot, rol|l adjacent, the palladium
coated Myl ar [ er r'p thepiher %‘Efd’éE]‘eiphncgfdéﬁreﬁh%ebmﬁiéhef‘éhezf@%@ﬁf@“q Profed #t%er veni ng
adhesive (Figures 9, 10 and 1&33 Step 8: The assenbly from
step 7 was ret urlgBigate gnte the sererd sidesenbl y and not ches 16 punched in

| ocations so as to extend between the circul ar holes 11 previously

punched in the Mel i neXhecadhssivppopidhespplicd 253 hot peis ippeleaving filps Algraativelyext end so
as to intercept the circunference of each circular cell. The strip
was then guil | ottheeor sheet geuldfirstis adhesiye qoatgd gnddbemipunciedasor strips”. each
strip being about 5nm wi de and each having one thin | ayer cavity
cel | (Figures 12. 13 Bréryingyhemicals on each electrode priorfigthe.glpigg stpp;the plegedeed a cel |
as shown in Figures 12. 13 or 14. The cell conprises a first

el ectrode consi S$uifasg igrrotpgef frogyceptamimation. pal | adi um | ayer 13, an adhesi ve

| ayer 3, a PET sheet 1. a second adhesive |layer 4, a secopd el ectrode
conprising 20  pal | Althaugh thegedirhas)igen dasefibad pithyreferapes to Mylar elipexfef i nes a
cylindrical cell 11 having a t hi ckness in the cell axial direction
correspondi ng t PEThetherteheniendly dnen and diestrigplly raustivemptprighprpay be utilised giather | ayer |
together with the thickness of adhesive |layers 3 and 4. The cell has

circul ar dira¢risieas dhasean dhatedtdrigls uged derspacersheeh banddprn supportine dhei ded at t he

si de edge of the cell where )
: reference and counter electrodes may be the same or may differ one from the other.

Although the invention has been described with reference to palladium electrodes, other
metals such as platinum, silver, gold, copper or the like may be used and silver may be
reacted with a chloride to form a silver/silver chloride electrode or with other halides.
The electrodes need not be of the same metal.
15 Although the use of heat activated adhesives has been described. the parts may
be assembled by use of hot melt adhesives, fusible laminates and other methods.
The dimensions of the 'sensor may.-reé.dily be varied according to requirements.
" While it is gréaily prefefrv.;'d th;n the eiectrode’s cover the cell- énd openings, in
other embodiments (not illustrated) the electrodes do not entirely cover the cell end
20  openings. In that case it is desirable that the electrodes be in substantial overlying
registration.
Preferred forms of the invention in which the electrodes cover the apertures of

cell 11 have the advantages that the electrode area is precisely defined simply by



notches 16 intersect cell 11.

- 8- In preferred enbodi nents of the invention, a sanple to
be "anal ysed is introduced to the cell by capillary action. The

sanpl e i s pl acedwgn st act with notch 16 and i s sporntcmasesdrys dr awn
by capillary action into the cell, displaced_air fromthe cel

venting fromthe opposite notch 16. A surfactant may be included in the

capillary space l?n\?maégolg‘mffiﬁ.}mérﬁm‘! LM eBihdkd So bR idSRER hRallel, overlying, of

The sensors are pPo I h "connect1 on neans for exanpl e edgé connectors

wher eby the sensor be placed | j | deGadli bE«eldd” eferred
y S\fsnﬁtlanr‘gt}éill% ﬁlg (‘sg ie "‘?gdé“%’% ﬁﬁﬁkﬁ}ﬁ%ﬁ? bt dhdrely detdid be e&é@ gffdits

enbodi nent eve pacer "1 shorter than

pal | adi um supporting sre}ﬁ%% ?S?fé‘r%(fﬁ;'gq‘}%?’gm? descrihedQXch’lEﬁ{nf}Qs &{g%elfs&e%t, se}lgoépf

shorter length than th orns a socket region 1
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Chem cal s for use Hp the cell may be supported on the cell electrodes or
wal | s, cetl.

As will be apparent to those skilled in the art from the teaching herein
contained, a feature of one embodiment herein described may be combined with features
of other embodiments herein described or with other embodiments described in our co-

10 pending application. Although the sensor has been described with reference to
palladium electrodes and a GOD/ferrocyanide chemistry, it will be apparent to those
skilled in the art that other chemistries, and other materials of construction may be

employed without departing from the principles herein taught.



15 my be supported on an i t rt contained within the cell
or may be self- supp Vi“ﬂiﬁﬁlﬂi“""l!“mr ‘In one enbodi nent .
chemcals for use in the cell~are printed onto the palladi um surface
of the electro i iately after step 1 at which stage the

freshl y- deposi twg)as!"mr&?‘Ei pai l adiumis nore hydrophilic. FoFCERYUMRB a

sol ution containing 0.2 nolar potassium -28- ferricyanide and 1% by wei ght
of gl ucose oxi dase dehydrogenase may be printed on to t he pal | adi um
surface. DesiralfhAIM$re chenmicals are printed only in the areas which will
forma wall of the cell and for preference the chemcals are printed on the
surface by 1. nmeaAgnetiod afmanufaciuestof p thimiayer eledtiackehnical eetl fasdereintdafined)
deposition of chem cals may be precisely controlled. If desired.
chem cal s whi ch amprisiesthe sdpspf:separated until required for use

-9- may be printed respectively on the first and second el ectrodes.
For exanple, a faGhing ar apetyracNtalding Umpgh a shicetrof clegiridally psistive aditetial, one

el ectrode and a buffer on the other. Although it is highly preferred
to apply the Thewidepirareadsfitihea sdecwdliroftheselpri or to assenbly into a
cell, chemcals may al so be introduced into the cell as a solution after 5
step 6 or step 8 by pmpetihgea first thinelettraadd layeromade sideofibe shasteind dxendiag veent
subsequently is renoved by evaporation or drying. Chenicals need not
be printed on t ke apettire whertbyas ddfinea cell first end wall,

mounting a second thin electrode layer to the other side of the sheet and
extending over the aperture whereby to define a second cell end wall in substantial
10 overlying registration with the first electrode, and
providing means for admission of a liquid into the cell defined between the side wall and
said end walls.
2. A method according to claim | wherein at least one of the electrode layers is a
noble metal.
15 3. A method according to claim 2 wherein at least one of the elcctrode layers is
palladium.
4. A method according to any one of claims | 10 3 wherein each of the metal - .
‘electrode iayEré substantially 'cé\—;érs the ap;rt'ure. .
5. A method according to any one of the preceding claims wherein the aperture is
20  of circular cross-section. whereby the side-wall is cylindrical.
6. A method according to any one of the preceding claims wherein the means for
admission of a liquid comprise a slot or passage communicating between the cell interior

and an edge of the sheet.



el ectrodes and may instead bei“mﬂuﬂ ﬂ"l@uﬂfa gauze, menbrane, non-woven
fabric or the |ike contaill ) 'S Of illi'ng, the cavity (eg
inserted in cell 11 prior to steps 6 or 7). I n another enbodi ment the
chem cal s are feio®dsdent 0 a porous mass which may be 10 | perREsNRH4I Nt O
the cell as a pellet or granul es. Alternatiygly, the chem cal s may be

I ntroduced as a gel. I n a'%econd enbodi nent of the
invention a laminate 2] is first. made froma strip.. . 14 as obtained in
step 5 adnesi vel v sandeREh B R LY R B etk ams yhrei i ot

step 3. Lam nate .20 ia subg}itated.{or sheet 1 in step 5 and assenbled with
el ectrodes as 15° 2 FRYTE a3 metal deposit. There is thus obtained
a cell as shown i Figgre 15 whi.ch differi fronuthai.of . lFil%ltdres 9to
11 in that the cell ha® MEHORAPEILE ams 295 A s Prrceiec i AT e FIREOPF st and
second electrode.l This-%Leq{rq&f can for exanple be used as a reference

el ect r ode. ayers are adhered 1p thgsheel. o \\nderst ood that in mass production of

the cell, the par{s may b 2 ssenpl ed as.a | am pate .qn cont i nuous
e, For exarbl & a cHm omuRREe o misiecpepinid il Sppeigs e e ot
punched and then adhesive coul d be applied, continuqusl rinting on

the renaini ng sheet. E‘#egﬁt%&g?‘ fpﬂpﬁ-c&"i“ﬁ?%’b‘"wlf’ﬁa ﬁb#@bg%/s“gﬁﬁa[ﬂ i on and
dried) could be fed.direcg* as a.lamnate onto.the adhesive coated
side. Adhesive could t quﬁsltgng a 5.?5:5‘? %&tter coating of the same or a different metal on a second

suitable substrate,

forming an aperture in a sheet of electrically resistive material. said aperture
10 defining a side wall of the cell and having openings on each face of the sheet |
adhering the first substrate to the sheet with the metal coating thereof adjacent
one side of the sheet whereby to expose a portion of the first coating to one aperture
opening and to provide a first electrode
adhering the second substrate to the sheet with the metal coating thereof
15 adjacent the other side of the sheet whereby to expose a portion of the second coating to
the (_)thgr aperture opening facing _thc first and to provide a second electrode, and
providing means -'for admission of a liquid into the cell ;ieﬁned be_tween the side
" wall and -sa;i.ci eﬁposed pbﬁidngbfrﬁétai co‘ati'n.g.
10. A method according to claim 9 wherein the means for admission of a liquid
20  comprise a passage communicating between the cell interior and an edge of the sheet.
1L A method according to any one of claims 9 or 10 wherein the first sputter
coating and the second sputter coating are adhered to the shcet by means of an adhesive.
12. N A method ac.cording to claim 11 wherein the adhesive is a heat activated

adhesive, -



-10- to the other smm it | d core sheet and then the
el ectrode could be fed as 'm,”' Q&W onto the second side.
s

The adhesive could be appli‘edctasta interleaving film

Al ternatively, woomnsse the core sheet could first be adhesiye coated and
then punched. o5’ By drying chenicals on each BYRLY08& pri or
to the gluing step the el ectrode sifface is protected from

cont am nat i on. Al t hough the cell has been described with

reference to MIEr [ erd pedpdiackerting to@ny ppe of the precedingreiaimy,Whestin eneorinet |y i nert
and electrically resistive naterials may be utilised and other
di mensi ons chos&hemigaisforise iythegel argqeinted epto ane-ax both glagdiodes; and for supporti ng
the 10 reference and counter electrodes nmay be the same or may differ
one fromthe ot H4r. A method axceriing tprany bee df thearaceding claims weesin esscmetsed wit h
reference to palladium el ectrodes, other met al s such as platinum
silver, gold, ca&hysealferyshinthe el arprrgdeddn yspbgntdp the s¢l] afier ongglpctiade has been
reacted with a chloride to forma silverlsilver chloride electrode or with
ot her hal i de$. adhered to thi sheet| and baford e ofheralectiore hgwbeen adhpred wihpshestand . 15
Al though the use of heat activated adhesives has been described. the parts
may be avdheneiythesolygnt issubsguenidit evapratedzto keavsi theshemicgls insirefolma i thait es and
ot her net hods. The di mensi ons of the sensor may readily be
vari ed accordi ngelt.o requirenents. Wiile it is greatly
preferred that the el ectrodes cover the cell end openings, in
15. A method according to any one of the preceding claims wherein one or more
chemicals for use in the cell are contained in or on a support which is included within the
10 cell.
16. A method according to any one of the preceding claims wherein one or more
chemicals for use in the cell are contained within the cell in self-supporting form.
17. A method according to any one of the preceding claims wherein one or both
electrodes comprise a sputter coated metal and one or more chemicals for use in the cell
15  are printed onto the metal surface immediately after the metal is sputter coated.
18. A method according to claim 17 wherein one or more chemicals for use in the
céll are printed onto the metqi surface by means of an ink jet printer.
19. o A"rhéthod 'accord.iné tb aﬁy d;xé ‘of the preceding claims wherein a pluralify of
first sputter coatings of metal are formed on a first substrate, a plurality of second sputter
20  coatings of metal are deposited on a second substrate, a plurality of apertures are defined
in a sheet of electrically resistant material, each aperture defining a side wall of a cell,
laminating the first substrate to the sheet with the metal coatings thereof adjacent one

side of the sheet and defining first end walls of respective cells defined by the sheet, and

- __-ac_ihe_ril_lg the second §ub§,lta_ie to itle sheet.with the metal coatings thereof adjacent the



ot her enbodi nents (not illu | rodes do not entirely cover
the cell end 20 openi ngss”"mﬁ " %'li"m[ is desirable that the
el ectrodes be in substantial overlying s « registration.

Preferred fornswidomb@sinvention in which the el ectrodes cov@iysibfeoray
apertures of cell 11 have the advantages that the electrode area is

preci sely defined sinply by .

- 11 - punchi Furt her nore the.electrodes so vi,ded are
paral l el , overl y%e?ﬁ%{h?ltﬁ shetr and @é{i%rr'ﬁsle%qngﬁdﬁeﬁ%wg%r?gmg eé:g‘f'e ‘ %ngeg?eg H,IAI ouah
substantially or Lrel evoi f.redge" effects. . t houg
in the enbodi rrenttgensé%eé’caf‘ix%ug'ﬁfqgcggﬁglggiﬂ@gl% aﬁszgg’[’léfr‘l’goﬁglﬁah?zﬁfctuﬁ, sensors
b’ 5° Porovi ded i t h A el SRinE R pEH TRy S R M P ey
function as a refgr . ell. . . As. wi.l | be arent to
those skilled in ‘f"}?ggggP"’f“rdS"mwﬁ%%h’{’E%'c?ﬂF‘}i‘g'e?‘.ﬁ’r‘%'t’rﬁ"* ‘”:’t‘) af°6‘§ﬁ‘t°&i°§ f}he'a
feature of one enhodi.nent herein described may be conbined wit eat ures
of ot her errbo?i nemﬁ?gltﬁgseprme'sl %roég%?ffﬁng"zyd"%r with other enbodinents described

|noour co- 10 Rendl 0g RE0LLSAL Oy B UYL LRG O e e 20
electrically resistant material comprises a laminate having two layers, each of electrically
and chemically resistant material, having a metal layer therebetween which in the final
product is useful as a reference electrode disposed intermediate the first metal and the

10 second metal.
22, An electrochemical cell comprising an electrically resistive substrate having a
first thin layer of first metal on one face, a second electrically resisti‘v.e subs;trate having a
second thin layer of metal sputter coated on the other face. said substrates being disposed
with the metal coating of one facing the metal coating of the other and being separated

15 by a sheet pierced by an aperture, the wall of which aperture cooperates with said metal
coatings to define a cell wall. and an aperture whereby a solution may be introduced into

thecell.. |
{9357 A method _ééébi'éi-h’g fo éﬁy oneofthe freééding.claiins, -v?herein the substrate is

a Polyethylene Terephthalate.

20 24 A method according to any one of the preceding claims, wherein the sheet is of
Polyethylene 'Telfephlhalate.

25. A method according to any one of the preceding claims, wherein at least one of

the electrode layers comprises palladium.




pal | adi um el ectrodes and a e [ chem stry, it will be apparent
to those skilled int ﬁ[“t ﬂB"m chem stries, and other

il

materials of construction L np+ oyed wi t hout departing fromthe
princi pl es hengh gy sayaht .

- 12- CLAI M5: - 1. A nmet hod of manuf act urPeCTé "’%’”‘{’%“. n | ayer
el ectrochem cal cell (as herein defi ned)‘16' conprising the steps of:

form ng an aperture extendi ng through a sheet of electrically resistive
material, 5 2%aid“pehedaceording oanyepesf br grecsiine Flaigys. vhpeip pie of the
mounting a first thin electrode | ayer to one side of the sheet and

ext endi ng over sputtered metgdayersds ¢f ¥ wher eby to define a cell first end wall
nounting a second thin electrode |ayer to the other side of the sheet and

ext endi ng over Ehe apemethedacogrdingtypny ene@bthe preceding glaimsvherpne of thy layats| | n
substantial 10 overlying registration with the first el ectrode, and
provi di ng means ispgnets geptingofsives andys halopgpispdjipproduch e sitven halidpesbifared bet ween t he
side wall and
5 28 A method according to any one of the preceding claims further comprising a
second aperture piercing the sheet, and wherein the second aperture is covered on at least
one side of the sheet by the same metal layer as covers the first aperture 6n that side.
29. A method according to anyone of claims 1 to 27 further comprising a second
aperture wherein the second aperture is covered on at Jeast one side by a metal layer
10 which is electrically insulated from the metal layer covering the first aperture on that
side.
30.. A method according to claim 1, further comprising the step of providing means
for venting of gas during the admission of liquid into the cell.
31. A method according to claim 6, wherein the slot or passage is formed through
15  the side wall and through the sheet of electrically resistive material.
_ 32. A method according to any one of the preceding claims wherein the second thin
. clgétrode layer is'.mq_umcd in dpposing rcl:éltions_hip,fa c__iistancg of less than 200 microns
frorﬁ the first thin electrode layer. T |
33. A thin layer electrochemical cell comprising
20 an electrically resistive sheet pierced by an aperture,
a first electrode layer covering the aperture on one side of the sheet,

a second electrode layer covering the aperture on the other side of the sheet, and

a passage for admission into the aperture of a liquid.



said end walls. 2. m hNg to claiml wherein at |east
one of the electrode |ayer 'W"Hﬂimmmumﬁl e netal. 15 3. A net hod
according to claim2 wherei’n & lLeast © of the electrode |layers is

pal | adi um woodnsees A nethod according to any one of chciABoslookd 3
wherein each of the netal el ectrode,] ayers substantially covers the

aperture. A net hod accordi ngl to any one of the preceding

5.
claims wherein t aperture i 20 . of citcular cross-section. .whereby the
side-wall is cyl ig%dri  pell according t5 g?“““ﬁ“"ﬁ‘%ﬂ%ﬁ °%ec°ge8‘r?°ad|%§‘3“’t°8m8ﬂ§?58ne of
t he preceding cl %in tv\/nerei n the means for adm ssion of a liquid
conprise a sl ot o?%%g%age communi cati ng between the cell interior

and an edge of t shegt . . .

s 735, SRSl apsontioaa S G T BRI PRSSIEE LR ol ai s
wherein the thin el ectrode, Is a sputter coated netal deposit.

8 A et hod SUBRSPH A5 "HP one of the preceding clai ms wherein the

el ectrode 5 36 A cell according to any one of claims 33 to 35 wherein at least one electrode

layer comprises a noble metal.

37. A cell according to any one of claims 33 to 36 wherein at least one electrode

coating is palladium.

38. A cell according to any one of claims 33 or 37 wherein an electrode comprises a
10 sputter coated metal.

39. A cell according to any one of claims 33 to 38 wherein the cell coxtains one or

more reagerts.

-

40, A ceil ac'cordin'gr .lto claim 33 wherein at least one reagent is provided ona
sputter coated metal eleéfrode.
15 41 A cell according 1o claims 33 or 40 wherein one or more reagents are supported
or impregnated in a carricr within the cell.
A2, Acell according to any one of.lcla_'m;is 3?'5 to 41 wherein one or more chem}cals
Efor usé in the cell a1;e .é'o;ftéined within the cell in éelf—éﬁpportingfonn.
43, A cell according to any one of claims 33 to 42 wherein at least one of the
20  electrodes is a sputter coated palladium.
44, A cell according to any one of claims 33 to 43 wherein the electrodes are of
| substantially the same area.
45. A cell according to any one of claims 33 to 44 wherein the electrodes are in
substannal ;eéistrq_ti onone wnh the other. o



| ayers are adhered to the sheet A met hod of manufacture of
an el ectrochem cal cell i“u u eps of :

depositing a first sputt tal on a first suitable
substrat e,

dep05|t|ng a second sputter c j of the sanme
or a differ entwowta on a second sui tabl e substrat 8’%1“%96'0"724
forming an aperture in a sheet of electrilally resistive material. said
aperture 10 defining a side wall of the cell and having openings on
each face of tH¥. shedtcell according to claim 33 furtherrrempriging means for venting g gesrdurieg t o t he
sheet with the nmetal coating thereof adjacent one side of the sheet-
wher eby to exposimisiopefiiquisiintofherchlb first coating to one aperture

opening and to provide a first el ectrode adhering the

second substrat¥-to Airell agserding i any onerd claimsa)3 te Huwherrip thpgscendrelect®ie  adj acent
the other side of the sheet whereby to expose a portion of the second
coating to layer isiieountes inroppgsing relationshipeadistance efdéssthan P9 microns frogmthet o
provi de a second el ectrode, and provi di ng nmeans for

adni ssion of5 a ﬁr'sic?lﬁcmOderlﬁyer-t he cell defined between the side wal |
and sai d exposed portions of nmetal coating. 10. A net hod
according to claim9 wherein the neans for admssion of a liquid 20
conpri se a passage conmuni cating between the cell interior and an edge of

t he sheet. 11. A nmet hod according to any one of clains 9 or 10
wherein the first sputter coating and the second sputter coating are
adhered to the sheet by neans of an adhesi ve. 12. A net hod
according to claim 11l wherein the adhesive is a heat activated

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced

| BT lIl




adhesi ve. , -14-
13. A met hod according to any one of the preceding clainms wherein one or
nor e chem cals for use in the cell are printed onto one or both

el ectrodes. WO 978464 A net hod according to any one of edmaymseeedi ng
cl.ai ms wherein one or nore chem cals for use in the cell are added
in a solvent to the cell after one el ectrode has been 5 adhered to the
sheet and before the other electrodq/gas been adhered to the sheet and
wherein the solvent is subsequently evaporated to | eave the chemcals in

dry formin the cell. 15. A met hod according to any one of
the preceding clainms wherein one or nore chem cals for use in the
cell are contained in or on a support which is included within the 10
cell. 16. A nmet hod according to any one of the preceding clains
wher ei-n one or nore chem cals for use in the cell are contained

within the cell in self-supporting form 17. A nmet hod according
to any one of the j } } } el ectrodes

conprise a sputter cheni dal s bise in the

cel | _

coated netal and one or nor




15 . are printed onto the netal surface imediately after the netal is
sputter coated. 18. A net hod according to claim 17 wherein one or
nore chemcals for use in the cell are printed onto the netal
surface- by negpapfsssn i Nk jet printer. 19. A metihadisacnrer di ng
to any one of the preceding clains wherein a plurality of first
sputter coatings of netal are fornmed on a first substrate, a plurality of
"second sputter 20 coatings of netal are deposited on a second substrate,
a plurality of apertures are defineds in a sheet of electrically
resistant material, each aperture defining a side wall of a cell,

| am nating the first substrate to the sheet wwth the netal coatings thereof

adj acent one side of the sheet and defining first eng walls of
respective cells dejgned by the sheet, and 16adheri ng gt he second
substrate to the | ' pf adj @cent the

- 15- othgr side of the sheet and def{{ni ng\s¢cond Il end walls
of respective cel|% defined in 14  the shept, an®|subse ntly dividing
the assenbly intoja plurality of cells. 20. A gsl according
to any one of the precearng clains, wherein one or noreld t he

parts is provided with a formatloﬁ'lﬁgépted to interl ock wﬁ%g f ormati on of
anot her 5 one of the parts or—of—an assenbly jig. /i

3 S P
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21. A nmet hod according to any one of the preceding clains, wherein the
sheet of electrically resistant material conprises a |laminate
having two | ayers, each of electrically and chem cally resistant
mat eri al , havi ngpewswisal | ayer therebetween which in the fintalavussnoor24
product is useful as a reference el ectrode disposed internediate the first
metal and the 10 second netal . 22. An el ectrochem cal cel
conprising an electrically resistive substrate having a first thin
| ayer of first metal on one face, a3k®cond electrically resistive substrate
having a second thin | ayer of netal sputter coated on the other
face. said substrates being disposed ~ with the netal coating of one
facing the nmetal coating of the other and being separated 15 by a sheet
pi erced by an aperture, the Vg | eiggﬁich aperture cooperates with said

met al coatings to defilme—a T wal | . and an aperture whereby a
solution may be introduced int the cell. 23. A net hod
according to any one of the prgﬂgdﬂab clainms, wherein the substrate is

a Pol yet hyl ene Terephthal ate. 20 24. A nmet hod according to any one of
the preceding clains, wherein the shéet is of Pol yet hyl ene

Ter epht hal at e. 25.

clains, wherein at | east one
pal I adi um

the el ectrode | aydq

laccording to any o of the preceding
ﬁs conpri ses




*-16- - A rret hod according to any one of the AN nq_‘ﬁcljalw { < 4
wher ei n one o Il "uu)l IIEIE tered rret al layers is of sREeR!YEL 1 & SEP 1957
A met hod acco of t he precedi ng cl ai ns when one of the

“lrayers i's a meta coatlng of silvgg_and is hal ogenised to produce a
silver halide surface. A nmet hod according to any one of the
preceding clginms furt second aperture rci the
~sheet, and Werei ft Kbsibiden af@mgt}r & SRR M fon BaGRE of £ss

side of the sheet by th_e sane netal |ayer as covers the first aperture on
* that side. admissiorpéfliquid itorthelcell according to anyone of clains | to 27
further conprising a second aperture wherein the second aperture is

covered on af7, | eash cElDfccdbidify RYan§ o8 bftlalriy 3T to 40whétbinGhe detofd Bleétiddeal | y

insulated fromthe nmetal |ayer covering the first aperture on that

Step of proViiy mﬁ@i@f“gﬁtﬁ%ﬁ?’%}?ﬁ Bl G Gh8 phless i 0 G i "0

liquid into the ceI | . A nmet hod according to claim6, wherein
t he sl ot Sor ﬁfé%%l%‘é@dfﬂéaﬂebr med thr ough 15 the side wall and through the
sheet of electrically resistive material. 32. A met hod accordi ng

to any one of8.t heA metlelicogrdirgao nmy wheofelainisife] bwheneih theadhesive is a watezet r ode
| ayer is nounted in opposing relationship a distance of |ess than 200

m crons based adhesive.
49. A method according to any one of claims 9-11 wherein the adhesive is a contact
adhesive.
10 50. A method according to any one of claims 9-11 wherein the adhesive is applied in
a thickness of from 2-5 microns.
51. A method according to claim 9 wherein the adhesive is applied by means of a

MYAR bar.

AMENDED SHEETY
IPEA/AL



-fremthe first thin el ectrode |ayer. 33. A thin |ayer

el-ectrochenical cell comprising 20 an electrically Wpagscxyaf
sheet pierced by an aperture, a first electrode | ayer
covering the aperture on one side of the sheet, a second

el ectrode | ayer covering the aperture on the other side of the sheet, and
a passage for adnission into the aperture<df- a |iquid.
-17- 34. A cell according to claim 33 wherein at |east one

el ectrode | ayetripchMTHis Serfibifation was théPpéssd Bfough a laminatdPeomprising €8¢t of pinch
according to clains 33 or 34 wherein at | east one el ectrode |ayer

compri ses a_sgeflert QREBELich was dapretfio hear dle Gk bedtfif Qrpq%g,&,o%,% PRt

clainms 33 ereln at |east "one elec

wher oi nat | edé THHESUEF gn heppposie S0 S iln s el ol SR i miears. onlyghe
cell according to _any one of clains 33 or 37 wherein an el ectrode conpri ses
a adhesive between the palladium of strip 14 and PET strip 7 was activated.

5 Step 7: PET strip 7 was then nnﬁed over and located in the jig with the release
coating uppermost. The release coating was peeled off and second palladium coated
strip 15 was placed palladium side down on the exposed adhesive surface using the
locating pins to align the strips. this assembly was now passed again through the
lﬁhator of step 6. this time with the hot roll adjacent the pallé.dium coated Mylar®

10 added in step 7 so as to activate the intervening adhesive (Figures 9, 10 and 11).

Step 8: The assembly from step 7 was returned to the die assembly and notches
16 punched in Jocations so as to extend between the circular holes 11 previously
punched in the Melinex" PET and the strip edge 17. Notches 16 extend so as to

- intercept the circumference of each circular cell. The suip was then guillotined to give
15 37 individual “sensor strips™. each strip being about Smm wide and each haviné one thin
layer cavity cell (Figures 12. 13 and 14).

There is thus produced a cell as shown in Figures 12. 13 or 14. The cell
comprises a first electrode consisting of PET layer 12, a palladium layer 13, an adhesive
layer 3, a PET sheet 1. a second adhesive layer 4, a second electrode comprising

20  palladium layer 13, and a PET layer 12. Sheet | defines a cylindrical cell 11 having a
thickness in the cell axial direction corresponding to the thickness of the Melinex® PET
sheet layer | together with the thickness of adhesive layers 3 and 4. The cell has circular

palladium end walls. Access to the cell is provided at the side edge of the cell where

notchés 16 intersect cell 11.

| Ro2884-8 _



10  sputtér-coated netal -~ 39. A cel |l according ong of

clains 33 to 38 wherein the mmcont ai ns one or m)?go’?g‘g eﬁs.
‘ i is

S

40. A cell ac M‘M“ 33 wherein at | east one reg
provi ded on a ﬂm \ A

ed netal electrode. 15 41 A cell
according to claiws 83 'or 40 wherein one or nore reagents argf';%_l;)pq:r,c,gjzj
or inpregnated in a carrier wiwthin the cell. 42. A cel |l acchbrdi ng
to any one of clainms 33 to 41 wherein one or nore chem cal s for use
in the cell are contained within the cdBt in self-supporting form
43. A cell according to any one of clains 33 to 42 wherein at |east one
of the 20 el ectrodes is a sputter coated pall adi um 44, A cell

according to any one of clainms 33 to 43 wherein the el ectrodes are of
substanti ghly kh [eq, . 45 A cell according tqQ. an ne of
cl'a e 33700 o SHICARRANE dosiaime: 33crpr, opBReng WREG ¥ iR "o 858

regi st r at daingoadmiasibh of liguidtiterthe cell.

47. A cell according to any one of claims 33 to 46 wherein the second electrode
layer is mounted in opposing relationship a distance of less than 200 microns from

the first electrode layer.

48. A method according to any one of claims 9-11 wherein the adhesive is a

water-based adhesive.

49. A method according to any one of claims 9-11 wherein the adhesive is a

contact adhesive.

50. A method according to any one of claims 9-11 wherein the adhesive is applied

in a thickness of from 2-b microns.

51. A method according to claim 9 wherein the adhesive is applied by means of a
MYAR bar.

b2. An electrochemical sensor for analytic determination using a liquid sample,
comprising a substantially flat strip having at least two lateral edges, a sample-
receiving cell within the strip, at least two electrodes in communication with the cell,
and a notch in at least one of the lateral edges, wherein the notch is in

communication with the cell and allows entry of the liquid sample into the cell.

563. The sensor of Claim 52, further comprising a vent in communication with the
cell, the vent being adapted to allow air to escape the cell to facilitate entry into the
cell by the liquid sample.
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-18- . 46k~ cel | -according to claims 33 further conprisi ng rreans fo?
venting of gas during adm ssion of uid into the cell. OR&S
according to any one ofmllmm‘ﬂ muwm' wherein the second eI ectrode | ayer
is mounted in opposing stance of |ess than 200 m crons
fromthe first electrode®l ayer" . A nmethod according to any one of
claims 9-1 1 wherein the adhesive |s a wat er-based adhesi ve. 49. A

nmet hod according to any one of clains 9-11 wherein the adhesive is a
contact adhesi ve. 50. A nethod accofl®ng to any one of clains 9-1 1
wherein the adhesive is applied in a thickness of from2-5 m crons. 51.

A nethod according to claim9 wherein the adhesive is applied by neans of a
MYAR bar . 52 An eI ect rochem cal sensor for anal ytic determ nation using

aliquid [ ubtantl stLip, havi ng. | east two
ateral clioe, The SN dES oay Mipan Paiehiy. et 1E b goaR El e Bl
el ectrodescctUﬁsOIarﬁapmaﬁ,ahd:m.wth the cell, and a notch in at |east one of

the | ateral edges, wherein the notch is in conmunication with the cell and
allows entry of the liquid sanple into the cell. 53. The sensor of Caim

52, furthgp, COfRé isghdtl ot OI8wH 5nnmm@h&aam RR-rékditing %H%Hpnsbb%t Yéust
be| ng adapted to allow air to escape the cell to facilitate entry into the

cel | by tReereagand sanpl e.

56. The sensor of Claim 55, wherein the reagent comprises a catalyst, a redox

reagent, or a surfactant.
57. The sensor of Claim 55, wherein the reagent comprises an enzyme.
58. The sensor of Claim 55, wherein the reagent comprises a glucose oxidase.

59. The sensor of Claim 55, wherein the reagent comprises ferricyanide.
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54. The sensor of Caim52, wherein the ent ry of the |iquidAEEN
pill ary, act i on. he sensor of Cl

the cell occurs vj S i
wheroin t ho sl BCIae: vi ng v Mg SRaiBHRE, . o oo
The sensor aTERNAINONAR APPOIGARADR PUB] éxsfr@ﬁsmhn GHEPATENISCGOPERAAIbNIREA BY EPQ#PX

reagent, + set of—C€a S5 V\Illb'[ el ||
reagent girﬁl)'ﬁm&"" m'odhssi?ﬁ“%'f"% 58. I'R? ) Teespatiog Pebicafion Nugmber: \ o e| ﬁ@““
r eagent ,omﬁ”@ l-/4°3 gl ucose oXi dase g 9.3) |m;hlﬂonﬁeﬁb‘ﬁﬁﬁonﬁfge.0 ai 9 Map 199 MdRESR) N
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(57) Abstract

A method of manufacture of a thin layer electrochemical cell (Figs 12,
14) comprising the steps of: forming an aperture (1) extending through a sheet
(1) of electrically resistive material, said aperture defining a side wall of the
cell; mounting a first thin electrode layer (13) to one side of the sheet and
extending over aperture (11) whereby to define a cell first end wall; mounting a
second thin electrode layer (13) to the other side of the shest and extending over
aperture {11) whereby to define a second cel! end wall in substantial overlying
reglstrauon with the first electrode; and providing means (16) for admission of e
a liquid into the cefl,




