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DEFINING AN ELECTRODE AREA
TECHNICAL FIELD:

The present invention relates to a method for defining an area of a coating or
layer attached to or in contact with a porous substrate. More particularly, the present
invention relates to a method wherein the coating or layer is an electrode. Although
the invention will be described with reference to its application in the electrochemical
area it is not intended that the invention be limited to that use. It may extend to any
application where a defined area of a porous substrate is required.

BACKGROUND ART:

In the past it has been found that whenever quantitative electrochemical
measurements are performed it is necessary to have both a reproducible and accurately
defined electrode area which is in contact with the sample being analysed. When
performing a measurement in a bulk solution the usual practice has been either to have
the electrode immersed to a certain level in the liquid or alternatively to have an

insulation layer applied to the electrode to leave only a precisely defined area in
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when the substrate upon which the electrode is placed is porous.

s The present invention seeks to overcome or at least ameliorate the problems of
the prior art by providing 2 method which is inexpensive, simple to apply and reliable.
SUMMARY OF THE INVENTION:

According to one aspect the present invention consists in a method for defining
an area of a layer on a porous substrate comprising compressing a volume of the
10 substrate to produce a compressed region which defines, or which in combination with
an edge of the substrate or of the layer defines, a boupdary of the area and which
substantially prevents the transport of material through or across its surface.
According to a second aspect the invention consists in an electrochemical
sensing device comprising:
15 a porous substrate; and
an electrode on one side of the substrate; wherein a region of the
substrate is compressed to an extent which forms a barrier to migration of electrolyte
within the substrate, the compressed region defining, or in combination with an edge
of the substrate or the electrode defining, a zone on the electrode of predetermined
20 area.
According to a third aspect the porous substrate of the second aspect is a
membrane that is permeable to a fluid containing a first species to be analysed but

substantially impermeable to a second species contained in the fluid, the second
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contact with the solution. These practices have proved to be relatively
expensi ve and unreliable. It has also been found that when these
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5 being defined is an electrode area. When the layer is an electrode it is usually sputter
deposited on the surface of the substrate so as to form a continuous film on the
surface. However, other methods such as electroless plating, electroplating,
evaporation, anodization or the like can be used to form the electrode. Usnally the
film thickness on the substrate is 10-200nm, more preferably 60-120nm.
10 Materials which would be suitable as an electrode include gold, silver,
platinum, palladium, iridium, lead, and alloys of those metals, carbon, carbon mixed
with a binding material, and silver partially covered with a porous layer of an
insoluble silver salt such as silver chloride, silver bromide, silver iodide, silver
ferricyanide and silver ferrocyanide. In electrochemical sensing devices according to
15 the invention there will typically be two or more electrodes and these may be disposed
on one side of the substrate or on opposite sides of the substrate.

In a preferred form the resulting substrate produced from the method of the
invention will have at least two discrete regions - one region being compressed and the
other region being uncompressed. This resulting substrate has been found to be

20 particularly useful when used as an electrochemical sensing device. When a sample is
placed on the uncompressed region of the resulting substrate, migration of the sample
to another region of that substrate, being divided from the first region by the

compressed region, is substantially prevented. It has been found that the sample is
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According to a third aspect the porous substrate of the second aspect is a
menbrane that is perneable to a fluid containing a first species to be
anal ysed but substantially inpernedhble to a second species
contained in the fluid, the second W) 96/ 32635

PCT/ AU96/ 00210  confined to a predetermined area of the resulting substrate and thereforetoa - 3-
speci es being of a kind which would interfere with el ectrochem cal sensing
of the first  predetermined area of the electrode attached to or otherwise in contact with the

resulting substrate.

The method of the present invention works by substantially eliminating or

5 sufficiently constricting the porous structure of the substrate in the compressed region
to render that region effectively impermeable.

The method of the present invention can be used alone or preferably, in
conjunction with a blocker. A blocker, in the present invention, is a substance which
is placed in the substrate such that it does not prevent the transport of materiat in the

10 uncompressed regions of the substrate but assists in preventing transport of material in
the compressed areas. Examples of material suitable as a blocker may include
glucose, agar, gelatine, starch or the like.

In a preferred form the blocker is conveniently loaded into the precompressed
porous substrate using the steps of:

15 (a) dissolving the blocker in a suitable solvent;
(b) wetting the substrate with the solution of the blocker; and then
{c) removing the solvent by evaporation.

In another preferred form the porous substrate is of a kind having pores which

increase in diameter from a smooth or shiny side to a rough side. The porous substrate
20 is desirably of the kind disclosed in U.S. Patent Nos 4,629,563 and 4,774,039 both of
| which are incorporated herein in their entirety by reference. However according to

end use the substrate may be an asymmetric or symmetric membrane.
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to the substrate, is an el ectrode and the area s being defined is an

el ectrode area. Wien the layer is an electrode it is usually sputter

deposi ted owokszessir f ace of the substrate so as to forma sonvavveseRm il m
on the surface. However, other nethods such as el ectrol ess plating,
el ectropl ati ng, evapor ati on, anodi zation or the |ike can be used to
formthe electrode. Usually the filmthickness on the substrate is
10- 200nm nore preferably 60-120nm 10 -5- Mat eri al s which woul d be
suitable as an el ectrode include gold, silver, pl ati num pall adi um
iridium |ead, and alThegsbstriiteniayde any suitable poroub materiabthitds compressible and

with a binding material, and silver partially covered with a porous | ayer
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substrate,  PoRbRleRifad bl R iBhe r#tﬁw%‘afsé it i
produced fro m t he met, («.)s,d po?ynm es, polyethylenes, polypropylenes, polyacrylonitrites,
polycarbonates or the like. The materials may be in the form of a sheet, tube or
hollow fibre which have microscopic or macroscopic pores.
The thickness of the substrate is selected with the end use in mind. Usually it
is desirable for the substrate to be thin to minimise sample volume. However,

10 sufficient thickness is required to provide mechanical strength for handling and to
maintain sufficient separation between electrodes on opposite faces of the substrate to
prevent electrical short circuits.

In some applications for example anodic stripping, larger sample volumes and
greater thickness will be preferred. Preferred embodiments and illustrative examples

15 of'the present invention will now be described, by way of example only, with
reference to the accompanying figures, in which:-

BRIEF DESCRIPTION OF THE FIGURES:
Figure 1 shows a cross-sectional view of a microporous substrate in
uncompressed form, with a portion shown as an enlarged image;

20 Figure 2 shows the substrate of Figure 1 with compressed regions in
combination with the edge of the microporous substrate to define a perimeter of the
area with a portion of the compressed region shown as an enlarged image;

Figure 3 shows a top view of the substrate of Figure 2;
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confined to a predeterm ned area of the resulting substrate and therefore

to a pr edet erFigared showsaméndivictv 6f the subsgi@e af Figaraetiof B, Or ot herwi se
in contact with the resul ting substrate. . The net hod

of the present inventFighreysidsimiti vidWR Figirk 2 vhéred BioEKkeAlds Blerdded to the

substrate;

Figure 6 is a similar view to Figure 2 where a blocker has been added to the
5 substrate;
Figures 7 is a top view of one embodiment differing in respect of defined
target areas;

Figure 8 is a top view of a second embodiment differing in respect of target

areas;
10 Figure 9 is a top view of a third embodiment differing in respect of target
areas,
Figure 10 is a top view of a fourth embodiment differing in respect of target
areas; and
Figure 11 shows a top view of a preferred embodiment of the invention.
15 Figure 1 illustrates a microporous substrate 10 in an uncompressed form

having an electrode 1 being attached to or in contact with substrate 10. The thickness
of the precompressed substrate is preferably about 180um, more preferably from 30-
150um. The pore size ranges from 10 kilodaltons cut-off (lower limit) to 5 microns
and preferably from 0.1pm to 0.8um, more preferably from 0.2um to 0.5um. Also
20 shown in Figure 1 is the magnified image which shows the uncompressed pores 2 of
the substrate. When pressure is applied to an area 5 of the microporous substrate 10,
one or more discrete compressed regions 8 are produced. As shown in Figure 2 and 3

the compressed regions 8 in combination with the edges 7 of the uncompressed region
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The net hod of the present invention can be used alone or preferably, in
conjunction with a blocker. A blocker, in the present invention, is a
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formthe blocker is conveniently |oaded into the preconpressed
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in their enti r ety ug%régengfr ence However according to
Figures 5 and 6 illustrate the effect of the addition of a blocker 3. As shown in
the magnified image of Figure 6 the addition of blocker 3 makes the blockage of the
pores 6 in region 8 more complete so as to prevent the transportation of material
across or through it.
10 Figures 7 and 8 illustrates the compressed area 5 being in the shape of a ring or
square on one side of substrate 10 and overlying an electrode 1 on the opposite side.
The compressed region 8 defines a boundary of an area 4 of the electrode and which
substantially prevents the transport of material (not shown) through or across region 8
to adjoining regions 9.
15 Although not illustrated in the drawings the area 4 of electrode 1 may be
defined partly by compressed region 8 or region 5 and partly by an electrode edge.
Figure 9 shows a rectangular area 4 being defined on one edge by compressed
substrate 5 and on the other edges by the edge 11 of uncompressed substrate 9.
Figure 10 shows a rectangular area 4 being defined by two compressed regions
20 5 incombination with two edges 11 of uncompressed substrate 9.
In the present invention the porous substrate is preferably pressed by means of
a press or any suitable compressing process which will allow for at least one region of

the porous substrate to be compressed. The amount of pressure to be applied varies
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The substrate may be any suitable porous material that is conpressible and
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of such materials include polynmers or m xtures of polynmers such as
pol ysul f ones, pol yvi nyl i dene hal i des such as pol yvi nyli dene

di fl uorides, tetrafl uoroethene, 5 pol yam des, polyi m des,

pol yet hyl enes, pol ypropyl enes, pol yacryl oni8rites, pol ycar bonat es

or the like. The materials may be in the formof a sheet, tube or

hol | ow fi bre whidbwétn\sabstiates,es boRitiee Idgh amidowead pf the presshige range. It is preferred
The t hickness of the substrate is selected with the end use in m nd.

Usual ly it that  suffits&i hbhdft of PressuftSis BpHIRE iGHhe sitirite whith Wil RolHpaé thes e
sanpl e vol une. However,

pore structure of the substrate to achieve substantial non-porosity, but not too high so

as to significantly destroy the mechanical integrity of the substrate.

5 An exemplification of the range of pressures needed to compress the porous
substrate will now be described, with reference to the following examples and
comparative examples.

BEST MODE OF CARRYING OUT THE INVENTION:
EXAMPLE 1
10 A sheet of polysulfone substrate 150um thick with pores of between 0.2pm
and 0.5um was dipped into a solution which was 1 wt% gelatine in water. The excess
liquid was wiped from the outside of the substrate and the substrate dried in an oven to
remove the water. The substrate was then pressed with a pressure of 100 MPa such
that a compressed area in the form of a ring was formed on the substrate. The ring had
15 an internal diameter of 8 mm and an external diameter of 10 mm.

10l of a solution of a dye (Rose Bengal) in water was dropped onto the
substrate inside the ring. The dye solution was seen to spread to the inside edge of the
compressed ring and then stop. No dye was visible outside the circular region defined
by the compressed ring after approximately 1 hour, by which time the water in the dye

20 solution had evaporated.
COMPARATIVE EXAMPLE 1
As in example 1 except the substrate was pressed with a pressure of 30 MPa.

At this pressure there was some leakage of the dye to outside the defined area.
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on opposite aces of the substrate to prevent electrical short
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i nvention will now be described, by way of exanple only, with

reference to the acconpanying figures, in which:- BRI EF DESCRI PTI ON
CF THE FI GURES: Figure 1 shos a cross-sectional view of a

m croporous substrate in unconpressed form wth a portion shown as
an enl arged i nafXAMPLEQ Figure 2 shows the substrate of Figure 1

Wi th conpressed regions in conmbi nation with the edge of the

011 0n Of £he compr Ceee ag on P e e P gD amati B
Figure 3 shows @fpaRnith WiichiwdsUSedddan elediréieC AL, HifeBd 6f a dye solution being
dropped onto the substrate a solution containing ferrocyanide and ferricyanide was
5 used, a potential applied to the platinum electrodes and the current recorded over time.
After an initial higher current the current stayed constant for approximately 10
minutes, after which time the substrate started to dry out and lose electrical
connection. This constant current indicated that no spreading of the solution outside
the defined area had occurred.
10 COMPARATIVE EXAMPLE 2
As in example 1 except the substrate was pressed with a pressure of 55 MPa.
Five defined areas were prepared. One showed some leakage of the dye outside the
defined area, the other four showed no leakage.
EXAMPLE 3
15 As in example 2 except that a polyvinylidene difluoride substrate with
approximately 0.2um pores was used.
EXAMPLE 4
As in example 1 except the substrate was pressed with a pressure of 80 MPa.
At this pressure there was no leakage of the dye outside the defined area.
20 COMPARATIVE EXAMPLE 4
. As in example 1 except the substrate was not dipped into a gelatine solution.
The pressure applied was 70 MPa. Four defined areas were prepared and the dye

leaked to outside the defined area in all cases.
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Figure 4 shows an end view of the substrate of Figures 1 or 2;

Figures 5 is simlar viewto Figure | where a bl ocker has been added to the

substrate; woess263s Figure 6 is a simlar view to Fipgs re a
bl ocker has been added to the 5 substrate; lgures 7 is
a top view of one enbodi ment differing in respect of defined t ar get
ar eas; Figure 8 is a top view of a second enbodi nent
dlfferlng I n respect of target ar eal; - 10 Figure 9 is a
top view of a third enbodinent differing in respect of target

ar.eas; COMPARATIVEEXAMPLE &2 top view of a fourth enbodi nent
differing in respect of target areas; and

As in example 1 except the substrate was not dipped into a gelatine solution
and pressed with a pressure of 80 MPa. Five defined areas were prepared and the dye
leaked to outside the defined area in four cases and no leakage was apparent in one

5 case.
COMPARATIVE EXAMPLE 6

As in example 1 except the substrate was not dipped into a gelatine solution
and pressed with a pressure of 100 MPa. Three defined areas were prepared and the
dye leaked to outside the defined area in one case and no leakage was apparent in two

10  cases.

Preferably,_ the membrane in the present invention is permeable to a fluid
containing a first species to be analysed but substantially impermeable to a second
species. An exemplification of this preferred embodiment of the invention will now
be described with reference to the following example.

15 EXAMPLE A

A sheet of polysulfone 100um thick with pores of 0.2jun was coated on one
side with two 1mm strips of platinum. A defined electrode area was prepared in
accordance with the method of Example 1. A sample of blood to be analysed was
brought into contact with the substrate on the opposite side on which the sensing

20 electrode was coated and within the defined area. It was found that the membrane was
impermeable to the interfering species erythrocytes (II) in the blood but permeable to
glucose or cholesterol (I). The first species, either glucose or cholesterol, could be

analysed without interference from erythrocytes (If).



Figure 11 shows a top view of a preferred enbodi nent of the invention.

50 Frgure 1 i Hostrates a nreroporous=substrate—i8—+hn—amrtunconpressed

form having an el ectrode 1 being attached to or in contact with
substrate 10. The thickness of the preconpressed substrate is
preferably whoysedssOlerr]m nore preferably from 30- PCTADNRBIo] M The

pore size ranges from 10 kil odaltons cut-off (lower limt) to 5 mcrons
and preferably fromO.l[errfmto O0.8[err]m nore preferably fromOQO 2[err]m
to O5[err]m Also 20 shown in Figure 1 is the nagnified i nage which
shows the unconpressed pores 2 of -tMle substrate. Wen pressure is
applied to an area 5 of the m croporous substrate 10, one or nore

di screte conpressed fewildeunderstoed thatid an eléctréchemival sensing deviperivis asmhth 3
the conpressed regions 8 in conbination with the edges 7 of the

lFJ> ?}?Kpug g/sségczil(r) € @iriphoy two or three/¥iedddes4nd In that case all the electrodes may extend i m§o or
pass through an area defined by a barrier or barriers according to the invention. For
example, the compressed barrier may define a square through which two strip
5 clectrodes pass. An area is thus defined on each electrode by the edges of that
electrode and by the compressed barrier where the strip enters and leaves the square.
EXAMPLE B
In a highly preferred embodiment of the invention illustrated in Figure 11,
substrate 10 is in the form of a strip having electrodes 1, 1A on opposite sides of the
10 strip. Both electrodes 1, 1A extend longitudinally of the strip which has a plurality of
defined square areas 4 spaced apart along the strip length, each area being defined by a
boundary 8 formed by compression in accordance with the invention.
Each area 4 defines a predetermined area of electrodes 1 and 1A (shown
crosshatched). In use a sample may be placed on an area 4 nearest the strip end.
1s Measurements may be made by connecting suitable apparatus with the
electrodes at the opposite strip end in a manner that is conventional. Thereafter the
"used” area may be cut from the strip and the next area 4 now closest to the strip end
may be used for the next sample.
If desired, an absorbent strip may be provided on the side remote from the
20 sensor electrode to increase the sample volume and hence the signal or to reduce
measuring times. Likewise if desired, one or more analytes might be contained within

the volume of substrate bounded by compressed substrate 8.



define a boundary of the area 4. This conpressed region 8 substantially
prevents the —trTansport of mater+at— (not show—thHrewgh—or—acr oss
its vol une. The magnified i mage of Figure 2 shows the pores
6 of region 8 which have been conpressed so as to substantially
prevent trajgdegsagdsi on of material across or 5 throughiq%ﬂqyﬁﬁao
Figures 5 and 6 illustrate the effect of the addition of a blocker 3. As
shown in the magnified i mage of Figure 6 the addition of bl ocker 3
makes t he bl ockage of the pores 6 in region 8 nore conplete so as
to prevent the transportation of material -12- across or through it.

10 Figures 7 and 8 illustrates the conpressed area 5 being in the

shape of a ring or  Althoughthgiavention hayteen deberibdd withhefereatetolspedificlexauipldsyi Ng
an electrode 1 on the opposite side. The conpressed reglon 8

defi nes a_boundagyd Fiu) if¥lFbehpfiecibled b7 Ub6. HANR iF 4 a1 e iny
substantially preven t’he transport of material (not shown oug
across region 8 QH& regi ons 9. 15 AIthough not
illustrated in t amnngs € area 4 of electrode 1 may be

defined partly by conpressed region 8 or region 5 and partly by an

el ectrode edge. Figure 9 shows a rectangul ar area 4 being
defined on one edge by conpressed



substrate 5 and on the ot her_ edges by the edge 11 of unconpressed
gure 10 s '

. substrate 9. HOWS @ T ectangutar arca 24— bernmg—
defined by two conpreiﬂﬂ!lmm{;'ﬂ" I,”m 0 5in conbination with two edges 11
of unconpressed subst In the present invention the
por ous subswvo as/3263ss preferab y "pr dssé&d by neans of PCT/RUSSO210I any
sui tabl e conpressing process which will allow for at |east one region of

t he porous substrate to be conpressed. The anmount of pressure to be applied
varies W) 96/ 32635 53
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between substrates, at both the high and |ow end of the pressure range. It
is preferred CLAIMSthat a sufficient amount of pressure is applied to the
substrate which will collapse the pore structure of the substrate

t 0- achi eve subsflant i alA melodifor defiring antinéa of atiayepon & poroussubstrate comprisingt 0
significantly destroy the nechanical integrity of the substrate.

compressing a volume of the substrate to produce a compressed region which defines,
or which in combination with an edge of the substrate or of the layer defines, a

5 boundary of the area and which substantially prevents the transport of material

| through or across its surface.
2, A method according to claim 1, wherein the layer is either attached to or in
contact with the porous substrate or is a coating applied to the substrate,
3. A method according to claim 1 or claim 2, wherein the layer is an electrode
10 and the area being defined is an electrode area.

4. A method according to claim 3, wherein the electrode is formed on the
surface of the substraté by a method selected from the group consisting of electroless
plating, electroplating, evaporation, and sputtering.
S. A method according to claim 4, wherein the electrode is sputter deposited on

15 the surface of the substrate to form a continuous film.

6. A method according to claim 5, wherein the film thickness on the substrate is
10 to 200 nm.

7. A method according to claim 6, wherein the film thickness is 60 to 120 nm,
8. A method according to any one of claims 3 to 7, wherein the electrode is

20 made of materials selected from the group consisting of gold, silver, platinum,
. palladium, iridium, lead and alloys of those metals, carbon, carbon mixed with a

binding material, and silver parnally covered with a porous layer of an insoluble silver

salt.
This Sheet Has Been Re;ilace
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5 = An exenplifijcation of the range of pressures needed to conpress
the porous — iﬂmﬂ"mﬂ“"wlﬂ) ow—be descri bed—wi-th—t+eferenee to the
fol | owi ng exanpl es e arative exanpl es. BEST MODE OF
CARRYI NG QUT THE | NVENTI ON: EXAMPLE | 10 A sheet of

pol ysul f ongyrekRséasat € 150[ err] mthick with pores of betwe vbBiid M

and 0.5[err]mwas dipped into a solution which was 1 vw%gg:lr%mezldn wat er .
The excess liquid was wi ped fromthe outside of the substrate and
the substrate dried in an oven to renove the water. The substrate
was then pressed with a pressure of 100 M -=such that a conpressed
area in the formof a ring was fornmed on the substrate. The ring had 15

an internal diagret er Hinethodarcdfdingo cialing, Whtreili theriselible kilved saltis silver
10[err]l of a solution of a dye (Rose Bengal) in water was dropped onto the

substrate insi d&’f]]%’;&’ SilvePbromiide, SlWer RAidesi08 f¥RScyaRBf ol AverieRfaride. t he

i nsi de edge of t . conpressed ring and’then stop. No"dye was .
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sol ution had evi%%)é ?u%gtga'te which assists in preventing transport of material in the compressed
5 region.
11. A method according to claim 10, wherein the blocker is glucose, agar,
gelatine or starch.
12. A method according to claim 10 or claim 11, wherein the blocker is loaded
into the precompressed porous substrate using the steps of:
10 a) dissolving the blocker in a suitable solvent;
b)  wetting the substrate with the solution of the blocker; and then
¢) removing the solvent by evaporation. |
13. A method according to any one of claims 1 to 12, wherein the substrate is
made of a porous material selected from the group consisting of polymers or mixtures
15 of polymers.
14. A method according to claim 13, wherein the polymers or mixtures of
polymers consist of polysulfones, polyvinylidene halides, tetrafluoroethene,
polyamides, polyimides, polyethylene, polypropylenes, polyacrylonitrides or
polycarbonates.
20 15. A method according to claim 14, wherein the polyvinylidene halides are
polyvinylidene difluorides.
16. | A method according to any one of claims 1 to 15, wherein the thickness of

the precompressed substrate is about 180um or less.
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COMPARATI VE EXAMPLE 1 As in exanple 1 except the substrate
.Was pressed with a pressure of -SFMPa__ AU THi S pressure there was

sone | eakage of the d ' t he defined area. WO 96/ 32635
PCT/ AU96/ 00210 (il ”mﬂmg E M,L -9
* CAS Li M |

EXAMPLE 2 WO 96/3263% except that the spdigivesiosz1vas
coated with approxi mately 60nm of platinumwhich was used as an
el ectrode. Also, instead of a dye solution being dropped onto the
substrate a solution containing ferrocyani de and ferricyani de was 5
used, a potential applied to the platinumlél-ectrodes and the current
recorded over tine. After an initial higher current the current
stayed const antl?f or appetbod axsoxding ta Olaim 16, whengim thedlickraebst afithegrecimpressed t he
substrate started to dry out and | ose el ectri cal

- substrate is from 30um to 150pm.

18. A method according to any one of claims 1 to 17, wherein the pore size of the
substrate ranges from 10 kilodaltons cut-off (lower limit) to 5 microns.
5 19, A method according to claim 18, wherein the pore size of the substrate ranges
| from 0.1 pm to 0.8 pm.
20. A method according to claim 19, wherein the pore size of the substrate ranges
from 0.2 um to 0.5 pm.
21. A method for defining an area of a layer on a porous substrate which method
10 is substantially as herein described with reference to any one of the examples and/or
accompanying figures but excluding the comparative examples.
22, An electrochemical sensing device comprising:
a porous substrate; and
an electrode on one side of the substrate; wherein a region of the substrate is
15 compressed to an extent which forms a barrier to migration of electrolyte within the
substrate, the compressed region defining, or in combination with an edge of the
substrate or the electrode defining, a zone on the electrode of predetermined area.
23, An electrochemical sensing device according to claim 22, wherein the
electrode is formed on one side of the substrate by a method selected from the group
20 consisting of electroless plating, electroplating, evaporation, and sputtering.
24, An electrochemical sensing device according to claim 23, wherein the

electrode is sputter deposited on the surface of the substrate to form a continuous film.
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connection. This constant current indicated that no spreading of the
sol ution outside ttredefined area had occurred. ——1+6—COMPARATI VE

EXAMPLE 2 “m 1 except the substrate was pressed
with a pr essure of 5 “tl!ﬂm “‘mm' e defined areas were prepared. One
showed songy e"ou’tsﬂ’de t he def i nedp@¥ifivenbiif Ot her
four shovved no Ieakage EXAMPLE 3 15 As I n exanple 2
except that a polyvinylidene difluoride substrate with approxi mately
0.2[err] mpores was used. EXAMPLE 4 As in exanple |
except the substrate was pressed with a prdésure of 80 Mra. At this
pressure there was no | eakage of the dye outside the defined area 20
COVPARATI VE EXANBLE 4An electrochemical sensifig dévi tolcleiCBp Whedein the'Bmi r at e
was not dipped into a gel atine sol ution. The pressure applied was 70

MPa. Four defi naqcﬁ{emmggﬁs%gmmgzg@%t he dye | eaked to outside
the defined area in all cases.

26. An electrochemical sensing device according to claim 25, wherein the film

thickness is 60 to 120 nm.

s 27. An electrochemical sensing device according to any one of claims 22 to 26,
wherein the electrode is made of materials selected from the group consisting of gold,
silver, platinum, palladium, iridium, lead and alloys of those materials, carbon, carbon
mixed with a binding material, and silver partially covered with a porous layer of an
insoluble silver salt.

10 28, An electrochemical sensing device according to claim 27, wherein the
insoluble silver salt is silver chloride, silver bromide, silver iodide, silver ferricy_anide
or silver ferrocyanide.

29. An electrochemical sensing device according to any one of claims 22 to 28,
wherein there are two or more electrodes and they are disposed on one side of the
15 substrate or on opposite sides of the substrate.
30. An electrochemical sensing device according to any one of claims 22 to 29,
further including a blocker in the substrate which assists in preventing transport of
material in the compressed region.
31. An electrochemical sensing device according to claim 30, wherein the

20  blocker is glucose, agar, gelatine or starch.
32. An electrochemical sensing device according to claim 30 or claim 31.

wherein the blocker is loaded into the precompressed porous substrate using the steps

Thﬁlﬁﬁlﬁilﬂﬁlﬂll
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COMPARATI VE EXAMPLE 5 As in exanple 1 except the substrate

was not dipped into a gﬁmmmjﬂg m]L and pressed with a pressure
of 80 MPa. wio 9émacisf i ned red and the dye pcriavsshraked to
outside the defined area in four cases and no | eakage was apparent in one
5 case. COVPARATI VE EXAMPLE 6 As in exanple 1 except
the substrate was not dipped into a gelatine solution and pressed
with a pressure of 100 MPa. Three defined Hreas were prepared and the
dye | eaked to outside the defined area in one case and no | eakage was
apparent in two 1@) c agléssolving the blocker in a suitsblesolveat;l y, t he menbrane in the
present invention is pernmeable to a fluid

b)  wetting the substrate with the solution of the blocker; and then

c) removing the solvent by evaporation.
33. An electrochemical sensing device according to any one of claims 22 to 32,
5 wherein the substrate is made of a porous material selected from the group consisting
of polymers or mixtures of polymers.
34. An electrochemical sensing device according to claim 33, wherein the
polymers or mixtures of polymers consist of polysulfones, polyvinylidene halides,
tetrafluoroethene, polyamides, polyimides, polyethylene, polypropylene,
10 polyacrylonitrates or polycarbonates.
35. An electrochemical sensing device according to claim 34, wherein the
polyvinylidene halides are polyvinylidene difluorides.
36. An electrochemical sensing device according to any one of claims 22 to 35,
wherein the thickness of the precompressed substrate is about 180 pm or less.
15 37. An electrochemical sensing device according to claim 36, wherein the,

thickness of the precompressed substrate is from 30 um to 150 pm.
38. An electrochemical sensing device according to any one of claims 22 to 37,
wherein the pore size of the substrate ranges from 10 kilodaltons cut-off (lower limit)
to 5 microns.

i 20 39 An electrochemical sensing device according to claim 38, wherein the pore
size of the substrate ranges from 0.1 pum to 0.8 pm.
40. An electrochemical sensing device according to claim 39, wherein the pore

size of the substrate ranges from 0.2 pm 10 0.5 pm.
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containing a first species to be anal ysed but substantially inpernmeable to
a second speetes—AR exenpl-i-fication-of this preferretd—enbodi ment
of the invention will now be described with reference to the
foll owi ng exanpl e. 15 EXAMPLEA A sheet of polysul fone
100[err]mt‘w) 4d h pores of 0.2[err]mwas coated on one pepa pde with
two 1 mmstrips of platinum A defined electrode area was prepared In
accordance with the nmethod of Exanple 1. A sanple of blood to be anal ysed

was brought into contact with the substrate on the opposite side on
whi ch the sensing 20 el ectrode was coaté8-and within the defined area.
It was found that the nenbrane was I npernmeable to the interfering

speci es eryt hrodyt es Ahlejecirécheinizalbiensinp devicepecording tocany one of claims 23 taidlse or
cholesterol (1). The first species, either glucose or cholesterol, could be
anal ysed w t houlukRirPtht porols fubbtrASis A nidrbrasethfSs perieable to a fluid containing a
first species to be analysed but substantially impermeable to a second species
contained in the fluid, the second species being of a kind which would interfere with
5 the electrochemical sensing of the first species.
42. An electrochemical sensing device substantially as herein described with

reference to any one of the examples and/or accompanying figures but excluding the

comparative examples.

Hll!lll I Hlll | llll
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It will be understood that in an el ectrochem cal sensing device it is usual
to enploy two or three electrodes and in that case all the

el ect r odes wamgszgasend i nto or pass through an ar ectnivegtaidy a
barrier or barriers according to the invention. For exanpl e, the
conpressed barrier may define a square through which two strip 5

el ectrodes pass. An area is thus defined on each el ectrode by the edges of
that el ectrode and by the conpressed barrier where the strip enters
and | eaves the square. EXAMPLR Bs In a highly
preferred enbodi nent of the invention illustrated in Figure 11,

substrate 10 is in the formof a strip having el ectrodes 1, 1A on opposite
sides of the |0 strip. Both electrodes 1, | A extend |ongitudinally of
the strip which has a plurality of defi ned square areas 4 spaced
apart along the strip | ength, each area beify defined by a boundary
8 fornmed by conpression in accordance with/the invention.

Each area 4 defines a predeterm ned areaf electrodes 1 and 1A (shown

crosshat ched) . | npaRE RS RO RIS FoTT T AN, TR AR the strip
’.VV?“W WV'V‘VVVV‘
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15 Measurenents nmay be nade by connecting suitable apparatus with
tie—— el ectrodes—at—t he opposTte StTTp EnMd T 1T a manner—ttat—Ts

conventional. Thereafter the "used" area nmay be cut fromthe strip
and the next area 4 now closest to the strip end may be used for

t he next sangb®es3263s | f desired, an absorbent st pifasifoeds
provided on the side renote fromthe 20 sensor electrode to increase the
sanpl e volunme and hence the signal or to reduce measuring times.

Li kew se if desired, one or nore anal ytes m ght be contained within

t he vol une of substrate bounded by conpressed substrate 8. WO

96/ 32635 2/5

PCT/ AU96/ 00210 - 12-

Al t hough the invention has been described with reference to specific
exanpl es and Figures. it wll be reciat hose illed in

the art that the i eQLqu_ngy be
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enbodi ed i n many ot her forns.

-TI3 CLAl M5:— 1. on
a porous substrate conprising conpressing a volunme of the substrate to
produce a conpressed regi on which defi nes, or which in conbination

W th an edsgwossis2édse substrate or of the |layer defines, a rerxussoei¢ of the
area and which substantially prevents the transport of nateri al

t hrough or across its surface. 2. A nmet hod according to claiml,
wherein the layer is either attached to or in contact with the porous
substrate or is a coating applied to the substrate. 3. A net hod
according to claim1, wherein the layé/3s an electrode and the area 10

being defined is an el ectrode area.
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4. - A nmet hod according to claim3, wherein the electrode is forned on

. tHhe——strface of the substratebyaTetfiotSerected—from tthe group

consi sting of electrol ess pl ati ng, electroplating, evaporation, and
sputtering. 5. A nmet hod according to claim4, wherein the

el ectrode igho ogidkdser deposited on 15 the surface of the spdrsivosbeiéo form
a continuous film 6. A net hod according to claimb5, wherein the
filmthi ckness on the substrate is 10 to 200 nm 7. A et hod
according to claim6, wherein the filmthickness is 60 to 120 nm 8.

A nmet hod according to claim3, wherein the electrode is nade of materials
20 selected fromthe group consisting 8f5gold, silver, platinum palladium

iridium | ead and all oys of those netals, carbon, carbon m xed with a
bi nding material, and silver partially covered with a porous |ayer of
an insoluble silver salt.
-14- 1
y, 10 4
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9. « A nethod according to claim8, wherein the insoluble silver salt is
SsTtver chl oride—sTtver bromde, —Ssryver—Tuotditde—st+ver

or silver ferricyanide. 10. A nmet hod according to claim11, further
i ncluding a blocker in the substrate whi ch assists in preventing
transport oWpowgixss al in the conpressed region. 5 11. pcta

according to claim 10, wherein the blocker is glucose, agar, gel atine
or starch. 12. A nmet hod according to claim10, wherein the bl ocker
Is loaded into the preconpressed porous substrate using the steps of:
a) di ssolving the blocker in a suitable solvent; 10 b)
wetting the substrate with the sol uti o®/®f the blocker and t hen

c) removing the sol vent by evaporation. 13. A et hod accordi ng
to claim1, wherein the substrate is nade of a por ous mat eri al
sel.ected fromthe group consisting of polynmers or m x{lres of pol ymers.

14. A net hod according to clai m 13, erein the pof yners or m xtures of
15 pol ymers consi st of pol ysf f ones, | yvinyl i degé hal i des,

tetrafl uor oet hene +ﬁ+j

pol ypr opyl enes, p yaGLyMDQLLLHiﬁL

__7( _______ y—_
!
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pol ycarbonates. - - _.15 A nethod according t OREPRAGENIENTVSHERIS t BG

pol yvi nyl i dene halides are sol yvi nyl i den¢ OiDésariptictespage@(r.. to lifaged ..JA
met fgd accor di ng ti)!ﬂ 'm n the thi ckheBSClafmshe ppedtPriospaged .1$
substrate is about A 17.0 Mﬁggmophgaacprtdlmeﬁq-

claim 16, wherein the th| ckness of the precorrp e.sggg&act ﬁdgb& _____ G bepdggd
from30[err]mto 150[err]m '

- 15- 18. A nmet hod according to claim
t he substrat €ELAIMSs from 10 ki | odal t ons/l Pﬁxﬁi ﬁﬁmze\‘“t*ﬁ 5.
m crons. 19. A nmet hod according to claim18, wherein t he pore si ze

of the substfate rangesod for defihingkhdreh Jfalhyeloh @ pBrods k@strat® comprising

compressing a volume of the substrate to produce a compressed region which defines,
or which in combination with an edge of the substrate or of the layer defines, a
5 boundary of the area and which substantially prevents the transport of material
through or across its surface.
52. A method according to claim 1, wherein the layer is either attached to or in
contact with the porous substrate or is a coating applied to the substrate.
3. A method according to ciaim 1, wherein the layer is an electrode and the area
10  being defined is an electrode area.
4, A method according to claim 3, wherein the electrode is formed on the
surface of the substrate by a method selected from the group consisting of electroless
plating, electroplating, evaporation, and sputtering.
5. A method according to claim 4, wherein the electrode is sputter deposited on

15 the surface of the substrate to form a continuous film.

6. A method according to claim 5, wherein the film thickness on the substrate is
10 to 200 nm.

7. A method according to claim 6, wherein the film thickness is 60 to 120 nm.
8. A method according to claim 3, wherein the electrode is made of materials

20 selected from the group consisting of gold, silver, platinum, palladium, iridium, lead
and alloys of those metals, carbon, carbon mixed with a binding material, and silver

S
partially covered with"a?;)c};eus layer of an insoluble silver salt.



5- 20. ". A method according to cIa|m19 wherein the pore size of the
subst-rate ranges fromoO.2[éerrlmto 0.5 [err]m 21. A net hod
for d'gfl ning an ar a porous substrate which nethod S
substantially as m[m "mlmmﬁwm th reference to any one of the exanples
and/ or acconpanyi ng ffgutest but excluding the conpar ati ve exanpl es.

10 22. An el ectrochem cal sensing devilde conpri sing: a
porous substrate; and an el ectrode on one side of the

substrate; Wﬂgr ein A:Baab@ac&idxh@?o QARS8 rtleReih She insolyblE ST G2 &oknkzer an
extent which forns a barrier to gratlon of electrol yte W|th|n

substrate, the.ca d regi an defi I n c an edge
of the 15 @HQFH@P@ rf”l"il e?IB’(‘,"f 8 gﬁ?ﬁqﬁaﬁyar}; nsgl ctrode of
predet erm ned area. An el ect rochem cal sensing deV| ce
according to &0.aim AZnebhhémordmmm claim 1, fottbertinajuiding 8 blagkemsit thesubstratei de of
the substrate by a nethod selected fromthe group consi sting of

el ectrol ess pliidhngsis® i@ prevaRing!trMOporeyARNeAAliif the GORfprédaed £@idnNJ. 24.
An el ectrochem cal sensing device according to cl a| m 23, wherein the 20

Cont i nuous 5t 1 1k A eS0T BNl T 1 eif I SIRUBHEIGHE b cor i g

to claim24, wherein the film
gelatlne or starch.

12. A method according to claim 10, wherein the blocker is loaded into the
precompressed porous substrate uging the steps of:
a)  dissolving the blocker in a suitable solvent;
10 b)  wetting the substrate with the solution of the blocker; and then
c) removing the solvent by evaporation.
13. A method according to claim 1, wherein the substrate is made of a porous
material selected from the group consisting of polymers or mixtures of polymers.
14. A method according to claim 13, wherein the polymers or mixtures of
15 polymers consist of polysulfones, polyvinylidene halides, tetrafluoroethene,
polyamides, polyimides. polyethylene, polypropylenes, polyacrylonitrides or
polycarbonates.
15. A method according to claim 14, wherein the polyvinylidene halides are
polyvinylidene difluorides.
20 16. . A method according to claim 1, wherein the thickness of the precompressed
substrate is about 180um or less.

17. A method according to claim 16, wherein the thickness of the precompressed

substrate is from 30pm to 150um.



thi'ckness. on the substrate is 10 to 200 nm _ _ -
- 16- 26. An el ectrochem cal sensing device according to claim25,

wherepn the film thickness is 60 to 120 nm lm mnl“l
el ect *fochem cal sensing device according to claim 22 “ H "sI“
el ectrode is nade of materials selected fromthe group censkst¥ ng of*

silver, 5 platinum palladium iridium Ilgad and al l oys of those
materials, carbon, carbon m xed wi th a2 bi ndi ng material, and silver

partially coveged with or ou . of i nsol ubl e silver salt
28. An el egér oché\rﬁnﬁg\" LT ‘H§‘ @W‘b %@thrmzep‘éthmsgbstrw@sn t he
I nsoluble silver salt is silver chloride, silver bromde, silver iodide,
silver ferri cyom tekiladaltons suttofflowenlintithtasi mierons.

19. A method according to claim 18, wherein the pore size of the substrate ranges

from 0.1 pm to 0.8 um.

5 20 A method according to claim 19, wherein the pore size of the substrate ranges
from 0.2 um to 0.5 pum.
21. A method for defining an area of a layer on a porous substrate which method

is substantially as herein described with reference to any one of the examples and/or
accompanying figures but excluding the comparative examples.
10 22, An electrochemical sensing device comprising:
a porous substrate; and
an electrode on one side of the substrate; wherein a fegion of the substrate is
compressed to an extent which forms a barrier to migration of electrolyte within the
substrate, the compressed region defining, or in combination with an edge of the
15 substrate or the electrode defining, a zone on the electrode of predetermined area.
23. An electrochemical sensing device according to claim 22, wherein the
electrode is formed on one side of the substrate by a method selected from the group
consisting of electroless plating, electroplating, evaporation, and sputtering.
24, An electrochemical sensing device according to claim 23, wherein the
20 electrode is sputter deposited on the surface of the substrate to form a continuous film.
25. An electrochemical sensing device according to claim 24, wherein the film

thickness on the substrate is 10 to 200 nm.



29. . . An el ectrocheni cal sensing device according to claim22, wherein
there are two or nore electrodes and they are di sposed on one side of

the {jubstrate or mull “mﬂﬂnﬂmn si des of the substrate. 30. An
el ectr ochemi cal cording to claim 22, further including a
15 bl ocker in the sGbstrate 'whi*ch assists in preventing transport of

material in the conpressed region. 31. An el ectrochem cal
sensi ng device according to claim30, wherein the bl ocker is glucose,
agar, gelatine or starch An el ectrochem cal sensi ng deV| ce
accordi ng to 4% ai mﬁsbelethg}lﬁak%?gsmééewoa&&%rﬂmgsm|°§%\83 Mhewsin the
preconpressed porous substrate using the steps of: a)

di ssol vi ng t hbickhess fsef0 tori2@ ngui t abl e sol vent; b) wetting
the substrate with the solution of the blocker; and then C)

renmoving the §ol verdn Q¥ctR¢RBAIEE deffing device according to claim 22, wherein the
electrode is made of materials selected from the group consisting of gold, silver,

5 platinum, palladium, iridium, lead and alloys of those materials, carbon, carbon mixed
with a binding material, and silver partially covered with a porous layer of an
insoluble silver sait.

28. An electrochemical sensing device according to claim 27, wherein the
insoluble silver salt is silver chloride, silver bromide, silver iodide, silver ferricyanide
10 or silver ferrocyanide.
29, An electrochemical sensing device according to claim 22, wherein there are
two or more electrodes and they are disposed on one side of the substrate or on
opposite sides of the substrate.
30. An electrochemical sensing device according to claim 22, further including a
15 blocker in the substrate which assists in preventing transport of material in the
compressed region.
3L An electrochemical sensing device according to claim 30, wherein the
blocker is glucose, agar, gelatine or starch.
32. An electrochemical sensing device according to claim 30, wherein the
20  blocker is loaded into the precompressed porous substrate using the steps of:
a)  dissolving the blocker in a suitable solvent;

b)  wetting the substrate with the solution of the blocker; and then

c) removing the solvent by evaporation.



~17-, . . '33." . An electrochenical sensing device according to claim 22,
wherein the substrate is made of a porous material Sel'écted fromthe

gr ouR consi sting of polyners or mxtures o[ Lm 34. An
el ectdrochem cal sensing device according to cla lmﬂ Hﬂlﬁ”um”me 5
pol ymers or m xtures of polymers consist of poly8ul§¥ornes? p&l yvinylidene

hal i des, tetrafl uoroet hene, pol yam’_qe,si, pol yi m des, polyethyl ene,

pol ypr opyl ene, pol yacryl onitrates or "pol ycarbonat es. 5. An

el ectrochem cal sensing device accarding to claim34, wherein the

pol yvi nyl i ded8- hal Adeelegrasherpicgl sensing desiee ascomding tpglaim 22, whersimthe A

el ectrochem cal sensing device according to claim 22, wherein the

t hi ckness of siibstrapy i eudp of a perbus uiatdriahiedecta fadia tie groap bﬁfsts}iﬁgefpt\lzﬁ&rs

37. An el ectrochem cal sensing device according to claim 36, erein the

t hi ckness of d substrate is from30 [err]mto 150 [err]m
S RS B AREE

38. An el sensi ng device according to clains 22, wherein

th . . . . . .
© pore 34. An electrochemical sensing device according to claim 33, wherein the

5 polymers or mixtures of polymers consist of polysulfones, polyvinylidene halides,
tetrafluoroethene, polyamides, polyimides, polyethylene, polypropylene,
polyacrylonitrates or polycarbonates.

35. An electrochemical sensing device according to claim 34, wherein the
polyvinylidene halides are polyvinylidene difluorides.
10 36. An electrochemical sensing device according to claim 22, wherein the
thickness of the precompressed substrate is about 180 um or less.
37. An electrochemical sensing device according to claim 36, wherein the
thickness of the precompressed substrate is from 30 um to 150 um.
38. An electrochemical sensing device according to claims 22, wherein the pore
15 size of the substrate ranges from 10 kilodaltons cut-off (lower limit) to 5 microns.
39. An electrochemical sensing device according to claim 38, wherein the pore
size of the substrate ranges from 0.1 pm to 0.8 pm.
40, An electrochemical sensing device according to claim 39, wherein the pore
size of the substrate ranges from 0.2 pm to 0.5 um.
20 41. An electrochemical sensing device according to claim 22, wherein the porous
substrate is a membrane that is permeable to a fluid containing a first species to be

analysed but substantially impermeable to a second species contained in the fluid, the



15 aize.of'thé substrate ranges from 10 kil odaltons cut-off (lower limt)
to 5 mcrons. 39. An el ectrochem cal sensing device according to
clahﬂ138, wherein the pore size of the substrate ranges fromO0.1
[errfmto 0.8 [err]m 40. An el ectrochem cal sensing device
according to claim39, wherein the pore size of the substrate ranges
from0.2 [err]mto 0.5 [err]m 20 41. 4¢_An el ectrochem cal sensing

devi ce according to claim 22, wherein the porous substrate is a
menbrane that is pernegble to.a fluid containing a first speciges to be
Tralyeod but setspd BRTRGSeing At aardilishavaiiA RUSHiEe Hih R Alr ek EORIa! 008N t he
fluid, the - 18-

second speci efthedirstspediesn ki nd which would interfere with the

el ectrocheni cal sensing ~of the first species. - 42, ~An _

el ectrocheni gal seng dectReNIhRaISHASHAIVI dubstatidl a8 hereitP &t ibalwith t
reference to any one of the exanples and/or acconpanyi ng figures but

excl udi ng th?e

ference to any one of the examples and/or accompanying figures but excluding the

S comparative examples.

L



r—p—— e

5 ,conparative exanpl es. copy

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(S1) International Patent Classification 6 : (11) International Publication Number: WO 96/32635

?9%”3,232"‘5%%?” BOLD 61/35, 6500, | Al (43) Internationsl Publication Date: 17 October 1996 (17.10.96)

(21) International Application Number: PC'I'/AUD&IOOZ&O’ (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
CA, CH, CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, IS,
(22) International Filing Date: 11 April 1996.11.04.96) JP, KE, KG, KP, KR, KZ, LK, 1R, LS, LT, LU, LV, MD,

MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 5D,
SE, S, SK, TJ3, ™, TR, TT, UA, UG, US, UZ, VN,
(30) Priority Data: patent (KE, LS, MW, SD, SZ, UG), Eurasian patent
PN 2393 12 April 1995 ( IW AU (AM, AZ, BY, KG, KZ, MD, RU, TJ, T™M), European patent
v (AT, BE, CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU,
G,

MC, NL, PT, SE), OAPI patent (BF, BJ, CF,
(71) Applicant (for all designated States except US): MEMTEC GA, GN, ML, MR, NE, SN, TD, TG).
AMERICA CORPORATION [US/US); Suite 700, 9690
Deereco Roed, Timontum, MD 21093 (US). _
Published

(72) Inventors; and With international search report.
(75) Inventors/Applicants {for US only): HODGES, Alastair, McIn-
doe [AU/AU}; 34 Samuel Road, Blackbum South, VIC
3130 (AU). JOHANSEN, Oddvar [NO/AU]; 16 Damley
Grove, Mulgrave, VIC 3170 (AU). BECK, Thomas, William
gﬁgAU]; 31 Drummond Street, South Windsor, NSW 2756

(74) Agent: SHELSTON WATERS; 60 Margarer Street, Sydney,
NSW 2000 (AU).

ClL CM,

(54) Tide: DEFINING AN ELECTRODE AREA

(S7) Abstract

‘The present invention relates to a method for defining an area (4) of a layer on & porous substrate comprising compressing a volume
of the substrate to produce & compressed region (8) which defines, or which in combination with an edge (7) of the substrate or of the layer
defines, a boundary of the area and which substantially prevents the transport of material through or across its surface. The present invention
also relates (o an electrochemical sensing device comprising: a porous substrate; and an electrode (1) on one side of the substrate; wherein
a region of the substrate is compressed to an extent which forms a barrier to migration of electrolyte within the substrate, the compressed
region defining, or in combination with an edge of the substrate or the electrode defining, a zone on the electrode of predetermined area.




