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This invention relates to an improved reference

electrode. The reference electrode may be shipped "dry" and
may be rapidly “wet-up" ‘upon exposure to an aqueous
solution.

BACKGROUND OF THE INVENTION

Typical devices for measuring the ionic content of
solutions include a reference electrode and a separate
potentiometric or "working" electrode. When these are
immersed in a volume of solution to be analyzed, the
reference and working electrodes together constitute an
electrochemical cell. The reference electrode provides a
constant potential with respect to which is measured the
potential developed by the working electrode from the
solution. The potential difference across the cell is
proportional to the logarithm of the activity of the ion.
This in turn is related to the concentration of the ion in
the solution, such that the concentration can be directly
determined as a function of the voltage measured across the
reference and working electrodes. _

Many documents discuss designs for and methods for
fabrication of ion-sensitive devices for measuring the ionic
content of solutions. For example, U.S. Patent 4,613,442
issued to the present inventor shows an "Ambient Sensing
Device" suitable for use at high temperatures. Other
documents include European Patent Application 129,233 to
Salman et al.; "A Batch-Processed Reference Micro Electrode
Integrated on a Silicon Substrate", Sinsabaugh et al., in

Electrochemical Sensors for Biomedical Applications, pp.



the solution, such that the concentration can be directly determ ned as a
function of the voltage neasured across the reference and worki ng . .

el ectrodes. Many docunents discuss designs for and nethods for fabrication
of ion-sensitive devices for measuring the ionic content of solutions. For
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Electrochemical Measurements", Smith et al., in IEEE

Transactions on Biomedical Engineering, Vol. BME-33, No. 2,
(1986) pp. 83-90; U.S. patent 4,592,824 to Smith et al., the
disclosure of which appears to be comparable to that of the
Smith et al. paper; "§3.7. Reference ISFET," in "Chemically
Sensitive Field Effect Transistors"; Janata et al., in Ion-
Selective Electrodes in Analytical Chemistry, vol. 2;
(1980), pp. 161~167; Ion-Selective Electrode Methodology,
vol. 1, (Covington ed.), pp. 58-62 (1979); Ion-Selective
Electrodes in Analytical Chemistry, vol. 1, (Freiser ed.),
especially chapter 3.3, "Reference Electrodes", pp. 323-331
(1978); and U.S. Patents 4,437,969 to Covington et al. and
4,214,968 to Battaglia et al. See also "Chemically
Sensitive Potentiometric Microsensors", by the present
inventor, Stanford Research Institute (1983), pp. 192-241.
Typical reference electrodes comprise a layer of a
material reversible to an ion X, that is, a material which

is capable of undergoing a reversible change in oxidation
state in respohse to the relative presence or absence of the
ion X. sSuch materials include metal-halide salts, alioys or
compounds. Conveniently this material is formed on the
surface of an underlying metallic member. This reference
electrode is then overlaid by an electrolyte. The
electrolyte illustratively contains a quantity of the ion X
dispersed into an aqueous medium, or into a polymeric
material. For example, the electrolyte may comprise a gel
containing a compound including the ion X. The gel is
essentially impervious to miking with the solution to be
analyzed while permitting ion transport therethrough by
diffusion. Alternatively the electrolyte may be confined
behind a membrane, e.g. cellulose acetate or a porous glass
or ceramic or the like, which permits ion transport while



El ectrochem cal Measurenents”, Smth et al., in | EEE Transactions on .

Bi onedi cal Engi neering, Vol. BME-33, No. 2, (1986) pp. 83-90; U.S. patent
4,592,824 to Smith et al., the disclosure of which appears to be conparable
to that of the Smith et al. paper; "3.7. Reference ISFET," in "Chemcally
Sensitive Field Effect Transistors"; Janata et al., in lon- Selective

El ectrodes in Anal ytical Chemistry, vol. 2, (1980), pp. 161-167;

| on- Sel ective El ectrode Methodol ogy, vol. 1, (Covington ed.), pp. 58-62
(1979); lon-Selective Electrodes in Analytical Chemstry, vol. 1, (Freiser
ed.), especially chapter 3.3, "Reference Electrodes", pp. 323-331 (1978);
and U.S. Reestraining7fdee o6 thei sglution and %he ¢121:z¢x@6&tteo iBetalafyl | a

et al. Seq alppafdeshpétiyn®ensi thus Foksall B@%b(ebﬁ 'L%r %&g%%%ff?y y the

present inventor, Stanford Research Institute ypi cal
referenceQQQxﬁ#%dE%SEOﬁ%%?EboarlH?éFhOF1%°H§t PPHI°fe&9P§|BWé to an ion X
‘that is, aimfwsieh It Chot Sbgapehvrecelionnder going a reversi ble change in

oxidation state in rgspon Ce ! QohPSs1B18h' ¥E RhESEIERe201303°068 Y e
suitably adjusted so that it contains ions at relatlvely
high concentrations of closely similar mobilities, these
ions traverse the liquid junction boundary in such a way as
to provide electrical continuity between the electrode and
the test solution (as required to perform the potentiometric
measurement) and maintain a constant (and small) potential
difference across the liquid junction boundary, regardless
of the composition of the test solution. The potential
difference between the electrode reversible to an ion X and
its contacting electrolyte depends on the concentration of
ion X in this electrolyte. Therefore, when ion X is at a
constant concentration, the electrode potential of this
electrode is independent of the composition of the solution
contacting the liquid junction, which is the requirement for
it to be a properly functioning reference electrode. Since
ions must freely transport across the liquid junction
boundary, constancy of ion X concentration can only be
maintained if the electrolyte is a relatively large
reservoir for ion X so that ion concentration in the
electrolyte remains substantially constant over the time the
reference electrode is in use.

Prior art macro-reference electrodes typically
consist of a silver chloride coated silver wire dipped into
a concentrated potassium chloride solution (or some
equivalent formulation) contained in a tubular sleeve
typically one-half inch in diameter by a few inches long.
The volume of the electrolyte reservoir is several cm>.

_ 'In a typical operational arrangement, the working
and reference electrodes are sequéentially exposed to, for
example, a blood sample and a reagent containing a known '
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eIectronﬁ?curatelY calibrated value can be determined for the
concentration of the ion in the blood.

In order to provide a reference electrode which is
useful in numerous processes, e.g. for blood analysis ' |
operations in hospitals, blood chemistry labs and the like,
it is desirable to provide an electrode which is
inexpensive, so as to be_economically disposable, which is
small, to allow use with small samples, and which has a long
shelf life. The fact that most prior electrodes have
employed hydrophilic or aqueous reference electrolytes make
the long shelf life goal particularly difficult to achieve.
Typically hydrophilic electrolytes have been hydrated gels
or the like to allow ion transport. To ship and store such
Ywet" electrolytes involves a relatively complex packaging
and storage problem. Alternatively the gels can be shipped
dry and be hydrated prior to use, but this can cause further
operational problems to arise, in particular, because of the
size of such dry electrodes, the time it takes to properly
hydrate them for use would significantly detract from their
usability. A further difficulty is the physical size of
prior art reference electrodes. :

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to
provide a reference electrode structure which can be shipped
dry, thus providing a long shelf life, but which can be
"wet-up" for use relatively quickly thus maximizing
convenience to the user.



and the test solution, which allows flow of ions by diffusion but not by
convectison. When the conposition of the electrolyte phase is suitably
adjusted so that it contains ions at relatively high concentrations of
closely simlar nobilities, these ions traverse the liquid junction
boundary in such a way as to provide electrical continuity between the

el ectrode and the test solution (as-3-equired to performthe potentionetric
measurenent) and maintain a constant (and small) potential difference
across the liquid junction boundary, regardl ess of the conposition of the
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A reference electrode assembly according to a
preferred embodiment of the invention comprises a metallic
member which is coated with an electrode material reversible
to an ion X and a layer of an electrolyte containing ion X
formed over the electrode. Typically the eleétrolyte may
comprise a hydrophilic gel. A portion of the electrolyte
extending beyond the perimeter of the electrode is overlaid
by a membrane which is permeable to H,0 molecules but not
permeable to ion X. The membrane may be formed, for
example, of polyvinylchloride (PVC) or
polytetrafluoroethylene (PTFE) plastics, or silicone rubber.
The thickness of the electrolyte layer under this permeable
membrane is relatively thin, such that the distance through
the electrolyte between the membrane and a substrate on
. which the electrode is formed is relatively short.. A
portion of the electrolyte extends through the permeable
membrane or is otherwise enabled to form a liquid junction
with the solution at a position relatively distant from the
electrode. Accordingly, the ions must diffuse along a
relatively long path through the electrolyte between the
liquid junction and the electrode. This provides a long
time constant for ion diffusion, while the electrolyte may
be "wet-up" relatively quickly. As a result, there is a
period of time after the electrolyte is wet-up and before
ion diffusion affects ionic éoncentrations in the vicinity
of the electrode during which the potential at the electrode
is substantially constant. This time period is sufficient
for the working electrode to take good measurements of ionic
concentrations in the test solution.



boundary, constancy of ion X concentration can-only be maintained if the
electrolyte is a relatively large reservoir for ion X so that ion
concentration in the electrolyte remains substantially constant over the
time the reference electrode is in use. Prior art macro-reference

el ectrodes typically consist of a silver chloride coated silver wre dipped
Into a concentrat.ed potassiun1ch|cgépe solution (or sone equival ent

formul ation) contained in a tubular sleeve typically one-half inch in

di aneter by a few inches |ong. The volunme of the electrolyte reservoir is
several c arrangenment, the working and
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sanpl e and a reagent containing a known -4- concentration of the ions to

be measured. By Conp%méxghégntion will be better understood if

reference is made to the accompanying drawings, in which:

Fig. 1 shows a schematic cross-sectional view of a
conventional prior art working electrode/reference electrode
combination;

Fig. 2 shows a view comparable to Fig. 1, but
showing a first embodiment of a working electrode/reference
electrode assembly according to the present invention:

Fig. 3, comprising Figs. 3.1 through 3.5, shows
successive steps in the fabrication of the electrode of
Fig. 2; and

Fig. 4 is a diagram illustrating potential versus
time useful in understanding the invention. -

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a conventional working
electrode/reference electrode assembly combination as
employed in the prior art. A working electrode 10 is formed
on a substrate 12 and covered with an overlayer 13. The
overlayer 13 is a membrane or series of membranes that
render the working electrode specific to a species to be
measured. The working.electrode may take numerous forms
depending on its application. For example, it may be made
of a metal such as silver and may include more complex
structures consisting of a metal with overlayers of an
electrolyte, an ion sensitive membrane, an enzyme layer or
the like.

A reference electrode 14 is also formed on
substrate 12. Reference electrode 14 comprises a metallic
member 16, overcoated with a layer 18 that is overcoated in
turn with an electrolyte layer 20. Layer 18 is made of a
material reversible to an ion X, that is, a material which



t he potentlal dlfference betmeen t he reference and working el ectrodes
responsive to the sanple and the reagent, an accurately calibrated val ue
can be determned for the concentration of the ion in the blood. In order
to:provide a reference el ectrode which.is useful in nunmerous processes,
e.g. for blood analysis operations it hospitals, blood chem stry | abs and
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as to be ecoq&%%cally di sposa whi ch, is sg? to allom/use with snall
sanpl es, PLF 2R cﬁﬁFgﬂEﬂ? % 1ion 7 beatyqen i anskths i or

elheclt r odes éwaetmq&wesb hysirephhaigtoin Wyﬁnﬁr&mﬁmﬂtﬂm{ Iylt es nmake
the long s e; 00 | v T y

hydr ophi | i t}%{' ’t ti'gtggléd %ée %Pé #ug]bfé% dpégge‘#lsélglrda%}{ % %i?n%% all ow i on
transport. Q'be%tﬂ'*ﬁ%\%cp%t@%i%mff@tén@ ext renatant posicentratigng i vel y

conpl ex pack@oideg and storage problem Alternatively the gels can be

shi pped dry and be hydr af qurlor 1o use, but this can _cause further
operational probl ens TYPIFILdiaterials 1K Jayefe d docimde,suitable

formulations or compounds (e.g. salts) including the ion X.
Hereinafter reference to a ”“salt” layer should be understood
to refer to a layer of such a reversible material.
Electrolyte 20 may typically comprise a hydrophilic binder,
such as a gel, having a salt in solid solution therein. One
ion of the latter salt may be common to the salt of the salt
layer 18. Illustratively, the metallic member is silver,
layer 18 is silver chloride and the electrolyte is a gel
containing potassium chloride.

In operation electrolyte 20 is permeated by water
molecules from an aqueous solution 22 whose chemical
concentration is to be measured by the working electrode.
That is, the electrolyte 20 is selected to allow diffusion
of water molecules as well as the ionic species in the
water, but the electrolyte 20 does not allow convection,
that is, flow of liquid water therethrough. Ionic species
present in the electrolyte will also diffuse through the
electrolyte into the aqueous solution. The junction 24
between the electrolyte 20 and the solution 22 is generally
referred to as a *liquid junction.”

As described generally above, the working
electrode 10 and the reference electrode 14 together
comprise an electrochemical cell. The potential between
them (measured as indicated schematically by a voltmeter 26)
may be used to derive a vaiue for the concentration of the
ionic species to be measured in the solution 22.

It can be seen from Fig. 1 that the volume of
electrolyte 20 in the reference electrode assembly is
relatively great. This is to insure that it takes some time
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seeks equilibrium with that in the solution 22. 1In this way
the potential difference between the reference electrode 14
and the working electrode 10 will remain constant for some
time, permitting a measurement to be made of the ionic
concentration in the solution 22.

However, the requirement that the volume of the
electrolyte be relatively great, and that it be wet, places
certain significant constraints on its use. For example, if
the electrolyte is to be shipped dry and is to be "wet~up"
prior to use by immersion in water or a salt solution, the
time required is commensurate with the time constant of the

- ion-diffusion process, which is an impediment to the
convenient use of such electrodes. On the other hand, if
the electrodes are shipped wet then they must be stored wet,
which is clumsy and inconvenient as well. Nor would it be
possible, according to the teachings of the prior art,

. simply to reduce the volume of the electrolyte 20 so that it
would "wet-up" more'quickly; this would also reduce the time
required for the ionic concentration in the electrolyte to
reach equilibrium with that of the solution 22 under test,
which would render the measurement itself difficult if not
impossible.

The present inventfion provides a reference
electrode assembly which can be shipped and stored dry, for
convenience and long shelf life, and which provides a
suitably long ion diffusion time constant but which can
"wet-up" quickly.

A preferred embodiment of the inventive reference
electrode assembly is shown in Fig. 2. A working electrode
10 and a reference electrode assembly 38 are formed on a
substrate 12 as in the prior art electrode of Fig. 1. The
materials of the working electrode 10 and of reference
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preferred enbodi nent- of . the inventiqn conprises a netallic nenber which is
coated with an electrode material reversible to an ion X and a |ayer of an
el ectrolyte containing ion X forned over the electrode. Typically the
electrolyte may conprise a hydrophilic gel. A portion of the electrolyte
ext endi ng beyond the perineter of the electrode is overlaid by a nenbrane
which is perneable to Herr] O nol ecul esSbut not perneable to ion X. The
menbrane may be fornmed, for exanple, of polyvinylchloride (PVC) or

pol ytetrafl uoroet hyl ene (PTFE) plastics, or silicone rubber. The thickness
of the electrolyte |ayer under this perneable nenbrane is relatively thin,
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also be the same as that of electrolyte layer 20 of Fig. 1.

As in the case of Fig. 1, layer 18 of Fig. 2 is made of a
material that undergoes rapid exchange of an ion X between
it and electrolyte layer 30.

According to the invention, a portion of the
electrolyte layer 30a extending beyond layers 16 and 18 is
covered by a membrane 32. Membrane 32 comprises a
permselective material which is selectively permeable to
water (H20) molecules but is impermeable to the .ion X and,
in general, is impermeable to any ion present in electrolyte
30 or present in the solution in which the reference
electrode is to be used which can affect the potential
developed at electrode 14. Membrane 32 may be made of PVC
or PTFE plastic materials or of silicone rubber. A second
portion 30b of the electrolyte that is displaced from layers
16 and 18 may be exposed to the solution 22 directly, as
shown. Accordingly, a liquid junction 34 is formed between
the solution 22 and portion 30b of the electralyte-30.

In practice, the electrode assembly shown in
Fig. 2 is shipped dry, such that the electrolyte contains an
insufficient amount of water to support ion diffusion. Such
an assembly is stable and has a long shelf life. When the
assembly is brought into contact with an aqueous solution
22, individual water molecules penetrate the permselective
membrane 32 and wet up the electrolyte and both water
molecules and ions X cross the liquid junction. Since the
electrolyte layer 30 is relatively thin compared to its
length, the electrolyte 30 "wets-up" relatively quickly. At
the same time, ionic species in both the electrolyte and the
water begin to diffuse across the liquid junction, with
changes in the concentrations of these species moving at



liquid junction and the el ectrode. This prdvides'a | ong tine'cdﬁstéﬁt for

ion diffusion, while the electrolyte may be "wet-up" relatively quickly. As .

aresult, there is a period of tinme after the electrolyte is wet-up and
before ion diffusion affects ionic concentrations in the.vicinity of the

el ectrode during which the potential at the electrode is substantially
constant. This time period is suffijgient for the working electrode to take
good neasurenents of ionic concentrations in the test solution. - 6-

BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be better understood
If reference is made to the acconpanying drawings, in which: Fig. 1 shows a
schemati ¢ essentialliyordnstaw afates ofweit thaaexposad pottwonkdoy of

el ectrode/ alel§Uek A18Rd GG "W 'O diagram of Fig. 2. Since

‘ the water molecules "“wet-up" the electrolyte layer over the
much shorter distance of top to bottom in the layer, the
electrolyte is fully "wet-up" prior to the time the ions
diffusing from the solution 22 reach the vicinity of the
electrode layers 16, 18. As a result, there is a
substantial time lag between the time the electrolyte is
fully "wet-up" and therefore operational and the time
changes begin to appear in the concentration of the ions
(and hence the electrode potential) in the region of the
electrolyte adjacent the electrode because of diffusion of
ions across the liquid junction. During this time lag,
electric continuity is provided by ion transport across the
liquid junction, but the electrode potential remains
constant since the changes in ion concentration will not
have reached the electrode. As a result, an accurate
measurement can be made of ion concentration by measuring
the potential difference between the working electrode and
the reference electrode. '

This performance of the reference electrode of
Fig. 2 is illustrated in the plot of Fig. 4 of voltage
against time. As shown therein, in the time period from 0
to a, the reference electrode wets-up and the voltage '
changes rapidly. In the period a-b, the voltage remains
substantially constant until at time b the ionic
concentration adjacent the electrode begins to change. In

. practice, time period a-b can be made to be a minute or more
with reference electrodes pf the present invention, which
allows adequate time for the working electrode to make the
necessary measurements.

Those of skill in the art will recognize that the
reference electrode structure shown can be used in a number
of different applications, and in a number of different
experimental arrangements. Accordingly, disclosure herein



Fig. 2 shows a view conparable to Fig. 1, but showing a first enbodinent of ..
a working el'ectrode/reference el ectrode assenbly according to the present
invention;, Fig. 3, conprising Figs. 3.1 through 3.5, shows successive steps
in the fabrication of the electrode of Fig. 2; and Fig.- 4 is a diagram
illustrating potential versus tine-d%eful in understandlng t he i nvention.
DESCRI PTI ON OF THE PREFERRED EVMBCODI MENTS Fig. 1 shows a conventi onal
wor ki ng el ectrode/ reference el ectrode assenbly conbi nation as enpl oyed in
the prior art. A wrking electrode 10 is fornmed on a substrate 12 and
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the formation of the reference electrode assembly shown in
Fig.'z. In Figqg. 3.1 the working electrode 10, overlayer 13,
the metal layer 16, the overlying salt layer 18 and
patterne& photoresist areas 40 and 42 have been deposited on
the substrate 12. This photoresist is referred to as a
"positive resist" so as to distinguish it from a "negative
resist” used later. Essentially the two resists need to be
separately removable. |

In Fig. 3.2 the electrolyte material 30 is shown
having been deposited over the entire assembly of Fig. 3.1.

gt will be appreciated by those of skill in the art that a
polymer gel or other nonmetallic electrolyte material can
readily be deposited by casting or the like over the entire
surface of a substrate having a large number of reference
electrodes and working electrodes, as well as other possible
structures formed thereon. However, patterned layers of
such electrolyte materials cannot be formed using the usual
microcircuit fabrication techniques, that is, they are not
suitable for sputtering, vapor disposition or other
‘techniques used to deposit metallic layers. According to .
one aspect of the invention, this difficulty is avoided.

In Fig. 3.3 there is shown a subsequent stage of
fabrication of the device of the invention, in which a
pattern 46 of a negative resist material, that is, which may
be removed separately from the positive resist 42, is
deposited over the areas in which the electrolyte material
30 is to be retained as part of the reference electrode
assembly 38 according to the invention. That is, the
negative resist material is deposited, exposed and



electrolyte an ion sen5|t|ve nenbrane, an enzyne Iayer or the Ilke'u

14 conprises a netallic nenber 16, overcoated with a Iayer 18 that is
overcoated in turn with an electrolyte lLayer 20. Layer 18 is made of a
material reversible to an ion X, that is, a material which - 7- under goes
rapi d exchange of ion X between it-l1ard the electrolyte so as to maintain

t her nodynami ¢ equilibriumbetween it and the electrolyte, resulting in a
constant electrical potential difference at constant concentrations of ion
X. Typi cal naterials for Iayer 18 include suitable fornulations or
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salt" layer-s € un stoo
which the electrolyte 30 is to appear in the completed

product.

In Fig. 3.4 the result of several subsequent steps
are shown.' These include a plasma etching or other step to
remove the exposed eiectrolyte, leaving behind the portion
disposed under the negative resist pattern 46 of Fig. 3.3.
The positive and negative resists are then removed, leaving
the electrode structure shown in Fig. 3.4, in which the
reference electrode 14 is covered by the electrolyte 30.

Finally, Fig. 3.5 shows the result of the last
step, in which membrane 32 is added over the electrolyte 30,
leaving a portion 30b of the electrolyte exposed as shown.
As mentioned, the membrane 32 may be formed of PVC or PTFE
plastics or of silicone rﬁbber. Other suitable materials
may appear to those skilled in the art. 1In another
embodiment of the invention, the membrane 32 could extend
over the entire electrolyte 30, and holes sized to permit
passage of ions as well as water could be formed, e.g. by
laser perforation or otherwise, in the portion of the
membrane 32 covering the portion 30b of the electrolyte
disposed beyond the perimeter of the reference electrode 14.

In another embodiment of the invention, the
electrolyte 30 is patterned in the form of a meander line or
spiral with one end 30a over the electrode 14 and the other
end 30b, exposed to the solution. Permeable membrane 32
covers the entirety of the meander line .except at 30b.

Thus, the distance for diffusion of ions laterally along the
layer 30 can be made very large. '

In view of the foregoing description other methods
of fabrication of the working electrode/reference electrode
assembly may occur to those of skill in the art.



torefer to a Iayer of such a reversihle naterlal El ectrol yte 20 ray
typlcally conprise a hydrophlllc bi nder, such as a gel, having a 'salt in
solid solution therein. One ion of the latter salt may be conmon to-the
salt of the salt layer 18. Illustratively, the netallic nmenber is silver,

| ayer .18 is silver chloride and the electrolyte is a gel containing

pot assium chloride. In operation electrolyte 20 is perneated by water

mol ecul-es from an adueous sol uti on 2B8-whose chenical concentration is to be
measured by the working electrode. That .is, the electrolyte 20 is sel ected
to allow diffusion of water nolecules as well as the ionic species in the
wat er, but the electroléte 20 does not_ all ow convection, that is, flow of

liquid water therethWBids SFHHFélsB€6¢€§Tﬁﬂe§EMPQMmQHﬁ§(ﬂﬁxﬁhﬁﬂyte will

al so di ffus@véﬂtﬂughhaha pkeft ERbwheanat aetshzelwaeou& salut l&.ﬂ red¥ized
J uncti.on ween | S gener aﬁ?

Iectrg te 20 sol'ution 22

referred t %sel?%ﬁfe'aejiuﬁ& gé istgggc sgézf(?r BASFIR/ @s t he

wor Ki-ng well. In each case, an important aspect of the invention is
that prior to use the reference electrode, illustratively
comprising a metal covered by a salt layer, is covered by a
dry electrolyte. A path for water molecules to diffuse
through the electrolyte to reach the reference electrode is
provided which is shorter than any path by which changes in
ion concentration can reach the reference electrode. 1In
this way the electrolyte in the vicinity of the electrode
"wets-up" more quickly than the changes in ion concentration
. reach the electrode.

' It will be understood by those of skill in the art
that the reference electrode assembly of the invention can
be used in combination with a wide variety of additional
electrodes, which may be termed "potentiometric indicating®
or simply “working" éelectrodes. These may include
electrodes which are'actually ion-selective. The reference
electrode of the invention m;y also be used in connection

" with other types of structures or devices.

Accordingly, while a number of preferred
embodiments of the invention have been described, the
invention is not to be limited thereby but only by the
following claims.



electrode 1G—aﬁd—%he—Fe#e#ense—electrode 14 together conprlse an- Lt
el ect rochem ﬂﬂwm uh|'The otentlal bet ween them (neasured as™ lndlcated

schemati cal | ﬂﬂ ! 6) may be used to deriv TN
concentratio cies to be nmeasured in | FHISSSHEET HAS BEENI:
20 iREPLA_eEmefere_nce

can be seen frontFlg 1 that t he vol une-14- el ectrol yt

el ectrode assenbly is relatively great. This is to in§tr

sonme tine -8- for changes to occur in the concentration of the ionic :
species in thhat! 96 Qladimedassa result of diffusion through the electrolyte
as the concentration in the electrolyte seeks equilibriumwth that in the

solution 22. In this way the potential difference between the reference
el ectrode 14 and the warklmgndﬁQIEncéeelecWrbaerasaembmynsbmprlémngsone

‘time, pernitting a MEagH el rbdeP8olBiesthgt Bf LAREE layer of a
material reversible to a chemical species, said electrode
being disposed on a substrate;

a first layer of an electrolyte material covering
all portions of said electrode not in contact with said
substrate and extending beyond the perimeter of said
electrode; and

a second layer of material impermeable to said
chemical species but permeable to water extending over a
portion of said electrolyte layer beyond the perimeter of
said electrode,

such that when said electrode contacts an aqueous
solution a first portion of the surface of the electrolyte
over the electrode and extending beyond the perimeter of
said electrode is contacted by water but is sealed with
respect to said chemical species and a liquid junction is
formed at a remaining exposed second portion of the surface
of the electrolyte; and

wherein the distance in the electrolyte between
the exposed second portion of the surface of said
electrolyte material and the electrode is large compared to
the distance in the electrolyte between the impermeable
layer and the electrode.

2. A reference electrode of claim 1 wherein said
electrode is formed by thin film fabrication techniques..

3. The reference electrode assembly of claim 1
wherein said electrode is generally planar.

This Sheet Has Been Replaced




concentration in the solution 22. However, the reqU|renent that the volune. &

Sl gni T iéﬁftESLZ??af’ﬁtLeLﬁtIllﬂlmﬂﬁlﬂlﬂ, 111 | R oo e i

be shipped dry and is to be *wef-up" prlor to use by InﬂEﬁEPQACEm wat gr or
a salt solution, the tine required is commensurate w {h t e trre—seastiant
of the ion-diffusion process, which is-&2-i npedi nent to the convenient use
of such el ectrodes. On the other hand, if the eIectrodes are shipped met
t hen they nust be stored enient . as Nor
woul d it be possible, accﬁgﬁlﬁﬁ F%epﬁé Féﬁgﬁ¥ﬁ§§ SFSF ﬁr?g clpim |nply
to reduce t whevrelinmsadd Eﬁecgtederobppelsessa mehali powbibd inecenpactore
qui ckl y; thwithoehgda%ss&e@l%eahaessaaeﬁﬁea 189ekOs! B8 hOBAfE or a
concentration int | ect,rol yte_to_reac rrumwt of _the
sol uti on 22°cqREeMnde9f saiA-mekadl yhichdds FﬁBeﬁﬁé§&PeﬁﬁnFangﬁhﬁmaFFi|cuIt
i f not inpospeklies.The present invention provides a reference

5. The reference electrode assembly of claim 3
wherein said chemical species is Cl1~, the metal portion is
Ag and the overlying outer layer is AgCl.

6. The reference electrode assembly of claim 4
wherein said electrolyte is a material having KCl dispersed
therein.

7. The reference electrode assembly of claim 1
wherein said second layer is formed of PVC, PTFE, or
silicone rubber materials.

8. In combination, a reference electrode assembly
and a working electrode, the reference electrode assembly
comprising:

an electrode having an outer-layer of a material
reversible to a chemical species, said electrode being
disposed on a substrate;

a first layer of an electrolyte material covering
all portions of said electrode not in contact with said
substrate and extending beyond the perimeter of said
electrode; and

a second layer of material impermeable to said
chemical species but permeable to water extending over a
portion of said electrolyte layer beyond the perimeter of
said electrode, _

such that when said electrode contacts an aqueous
solution a first portion of the surface of the electrolyte
over the electrode and extending beyond the perimeter of
said electrode is contacted by water but is sealed with

respect to said chemical species and a liquid junction is

Sheet Has Been Relplaced
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el ectrode assenbly whi ch can be sglfﬁﬁed and stored dry, for conveni ence and

|l ong shelf life, and V\/m ch pI’OVI d Iﬂ"'”m mlumgdl on di ffusi on 't i'rre
CIIUU I:El J é ﬁf

constant but which can "wet-up" q
i nventive reference el ectrode assenbly i & showh im FIdTH&

el ectrode 10 and a reference electrode assenbly 38 aje forRERLAGRDa
substrate 12 as.in the prior art el ect™®de of Fig. 1.7 The naperlals of the
wor ki ng el ectrode 10 and of reference el ectrode 14, that is, the netal

| ayer 16 anddrmed\aty Iaymgnadahrnd JposkEd  SE6IE Pt o 1%r?fa?g$nggg?§@tgvg ce
h nne e,vol tne

g;nte eTElagrmct]fera{ﬁd qu&h% y“"e dytsgl 3:2?%6:5\@ FL5t806e iPhEheame as t hat

of eIectrolF@@qﬂﬁﬁéytsohﬁtﬂaqy tbe mxposecheecasd pbrEign bf fager 18 of

Fig. 2 is mgfelced dRiid®lelle’drdiNde TS rial! %n‘ax%ﬂangiegftrgae ¢q X

n
betmee large compared to the distance in the electrolyte between
the impermeable layer and the electrode.

9. The combination of claim 8 wherein said
reference and measurement electrodes are formed on a common
substrate.

10. The combination of claim 8 wherein said
electrodes are formed using thin film fabrication
techniques. '

11. Alreference electrode assembly comprising:

an electrode comprising an outer layer of a
material reversible to a chemical species, said electrode
being disposed on a substrate:;

a first layer of an electrolyte material covering
all portions of said electrode not in contact with said
substrate and extending beyond the perimeter of said
electrode; and

a second layer of material permeable to water but
impermeable to any chemical species present in said _
electrolyte material or in a solution in which the reference
electrode is used whose concentration affects a potential
developed at said electrode, said second layer extending
over a portion of said electrolyte layer extending beyond
the perimeter of said electrode,

such that when said electrode contacts an aqueous
solution a first portion of the surface of the electrolyte
over the electrode and extending beyond the perimeter of
said electrode is contacted by water but is sealed with
respect to said chemical species and a liquid junction is
formed at a remaining exposed second portion of the surface
of the electrolyte; and
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it and electrolyte |ayer 30 —Aceording to the i nvention, .a_portian of th
el ectrol'yte Iayer 30a extendi ng beyond | ayers 16 and 18-nqsqg“§nq@MDﬂEEN
menbrane 32. mmm“mﬂses a permsel ective matefial WepcACED

sel ectively pe (H20) nol ecules but is il : '

ion X and, in genefal® i's |nperneable tb7any ion present in electrolyte 30
or present in the solution |n whi ch the reference electrode is to be used
whi ch can affect the potentl ev ed.at Iec rane 32 may
be made of PVC or PYPELS %&FSPP Bsif t F & FFgﬁﬂtyFﬁg%ngeﬁPsecond
portion 3&heobprsedlsecnubyperthah of dhepéaredcéroﬁ1éayérs 16 and 18 may
be exposed;l@¢! Ql e y P ui d

EPQ?% %%%1%& ? 5 %hk el@étgga 999 Eg%%argd ES

junction 34 1s e ween ut1 on ort
eIectrolyF@eBGlsFﬁnﬁﬁaéFI@@e FH@°§F8éVFGdée§¥§eﬁngeshBRﬁrmﬁahlg“ 2 is

shi pped dngyezuahdt khe ehecthrederol yte contains an insufficient amount of
wat er to support ion diffusion. Such an assenbly is stable and has a | ong
shelf life. Wen the

12. A method for measuring a signal responsive to

the concentration of a chemical species in an aqueous
solution, comprising the steps of:

manufacturing a reference electrode assembly, said
assembly comprising an electrode on a substrate, said
electrode being surrounded by a dry electrolyte, a portion
of said electrolyte extending over said electrode beyond the
perimeter of said electrode being covered by a layer of
material permeable to water and impermeable to any chemical
species present in said solution or in said electrolyte
whose concentration affects a potential developed at said
electrode, another portion of said electrolyte being
exposed, such that the distance in said electrolyte from
said layer of material to said electrode is less than the
distance in said electrolyte from the exposed portion of the
electrolyte to the electrode;

assembling the reference. electrode assembly
together with a working electrode, and connecting said
electrodes to means for measuring the voltage therebetween:

placing said reference electrode assembly and said
working electrode in contact with an aqueous solution
containing the chemical species whose concentration is to be
neasured, whereby the electrolyte wets-up faster than
concentration changes take place in the electrolyte as a
result of migration between the exposed portion of the
electrolyte and the electrode; and

monitoring the potential difference between said
reference and working electrodes.
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assenbly is brought into contact with an aqueous solutien 22, .indi vidual
wat er nol ecul es-penetrate the pernsel ective nmenbrane 32 and wet up the

el ectrolyte and both water nol ecules and ions X cross gﬁga% ' ALl pr. -
Since the electrolyte layer 30 is relatively thin con% Hgg?t@%%ﬁﬁgﬁﬂ , .
the electrolyte 30 "wets-up” relatively quickly. At the_sa Rl o loni ;

species in both the electrolyte and the water begin to diffuse across the

=)

o

liquid junction, with changes in the cod@entrations of these species noving

at -10- esséntially constant rates fromthe exposed portion 30b of the

el ectrolyte Ieftmardﬁhq tQﬁethQhéﬁ‘B Eigiﬁzéﬁi%géﬁrggg?ﬁﬁégéO?B%ggg%gs

“wet-up" the electrolyte layer over the nuc
bottom i n E%eP| SfeFalibradiing: saidt aspemply| by  exposurepthereed taeatinme

the ions dirkhyentdnbiafgt Ae preleteefi’ddr 88aBehbBa¥ishNbEysigt he
chemical species.

14. A method of manufacture of a working
electrode and reference electrode assembly, comprising the
steps of: - '

depositing layers forming a working electrode and
a conductor for the reference electrode on a substrate;

forming a layer of a material reversible to a
chemical species over the conductor of the reference
electrode, thus forming a reference electrode;

depositing a layer of a dry electrolyte over said
reference electrode; and '

forming a layer of a material permeable to water
and impermeable to said chemical species over said layer of
electrolyte, such that an exposed portion of said layer of
electrolyte extending beyond the perimeter of the reference
electrode is not covered by said layer of material;

wherein the distance through said electrolyte

. between said exposed portion of said layer of material
overlying said reference electrode and said substrate is
small compared to the distance through said electrolyte
between the surface of the portion of said electrolyte which
is not covered by said layer of material and said reference
electrode.

* c L n S *
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el ectrode | ayers 16, 18. As a resul t, there_ls a substantlal time | ag

bet ween t’he tinme the electrolyte is fuIIy "wet-up" and therefore
operatlonal and the tine changes begin to appear in the concentration of
the ions (and hence the electrode potential) in the region of the

el ectrol yte adjacent the el ectrode becaus®-of diffusion of ions across the
liquid junction. During this tine lag, electric continuity is provided by
ion transport across the liquid junction, but the el ectrode potenti al
remai ns constant since the changes in ion concentration will not have
reached the electrode. As a result, arfBEd®3F3te neasurenent can be nmade of
ion concentration by nmeasuring the potential difference between the working
el ectrode and the reference el ectrode. This performance of the reference

el ectrode phrdiicE?t8crkbbgtrated in the plot of Fig. 4 of voltage agai nst
time. As shown therein, in the tine period fromO to a, the reference

el ectrode wets-up and the vol tage changes rapidly. In the period a-b, the
vol t age renai ns

An improved reference electrode (14) is disclosed for use in
potentiometric measurements of the amount of ions in an aqueous
solution. The reference electrode illustrativeiy comprises a metal
member (16) on a substrate (12), énd a layer (18) of a salt reversible
to the ion X overlying the metal member. The reference electrode is
overlaid by a quantity of an electrolyte (30), which may be a polymer
gel having a salt including the ion X dispersed therein. This structure
is overlaid by a membrane (32) permeable to water but not to the ion

. X that extends beyond the portion of the electrolyte overlying the

electrode, but leaves a portion of the electrolyte exposed.

Figure 2



substantially constant until at tinme b the ionic concentration adjacent t he
eIecgrodé-begins to change. In practlce tfime period a-b can be made to be
a mnute or nore with reference el ectrodes of the present invention, which
-al .ows adequate tine for the working el ectrode to make the necessary .
measurenents. Those ‘of skill in the art will recognize that the reference
el ectrode structure shown can be used ip a nunber of different .
applications, and in a nunber of differ##t experinmental arrangenents.
Accordi ngly, disclosure herein of a particular nethod of use of the

el ectrode assenbly according to the invention should not be deenmed to |imt
the invention thereto. Figs. 3.1 through 3.5 disclose typical stages in the
formation of the reference el ectrode assenbly showmn in Fig. 2. In Fig. 3.1
t he working el ectrode 10, overlayer 13,

FIG . {(Prior Art )
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the metal layer 16, the overlying salt-|ayer-8 and patterned photoresist ===

areas 40 'and 42 have been deposited on the substrate 12. This photoresi st
is referred to as a "positive resist" so as to distinguish it froma
"negative resist” used later. Essentially the two resists need. to be
separately renovable. In Fig. 3.2 the elgétrolyte material 30 is shown
havi ng been deposited over the entire as ly of Fig. 3.1. It will be
appreci ated by those of skill in the art that a polyner gel or other
nonnmetallic electrolyte material can readily be deposited by casting or the
| i ke over the entire surface of a substrate having a | arge nunber of
reference el ectrodes and working el ectrodes, as well as other possible
structures forned thereon. However, patterned |layers of such electrolyte
materials cannot be fornmed using the usual mcrocircuit fabrication
techniques, that is, they are not suitable for sputtering, vapor

di sposition or other techniques used to deposit netallic |layers. According
to one aspect of the |nv¢nt|020)th|s dqﬁfwgulty S av0|de22

= 14
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In Fig. 3.3 there is shown a subsequent stage of fabrication of the device
of the jnvention, in which a pattern 46 of a negative resist material, that
i s,.which may be renpved separately fromthe positivé resist 42, is
deposited over the areas in which the electrolyte material 30 is to be
retained as part of the reference el ectrode assenbly 38 according to the
invention. That is, .the negative‘éfsist material i.s deposited, exposed and
-12- devel oped, |eaving behind pa @rns 46 over the areas in which the

el ectrolyte 30 is to appear in the conpleted product. In Fig. 3.4 the
result of several subsequent steps are shown. These include a plasma
etching or other step to renove the exposed el ectrolyte, |eaving behind the
portion disposed under the negative resist pattern 46 of Fig. 3.3.

FIG. 4




The pgsitive and n@aiskeci. —aie@ then renoved, AW 276 (§EEEEOde
structure shown i nJRHE A t he reference vered
by the el ectrol yt e§30. ngqmmg Flg 3.5 shows the rlesjult of the | aqt |step,
i n whi ch nenbrane D e-éfiectrol yte | 85 SEG W9%orlt ijon

30b of the electrolyte exposed as shown. As nention t he nmenbrane |33 may
be formed of WAAE oisPEERipkdstises or of silicone rubper. Onher surtablle
materials may appear to those skilled in the art. | ' t  of
the invention, the nenbrane 32 could extend over the entire electrolyte 30,
and hol es si zed to per nit pAsgagersnceomiegﬁm@¢¢ 2/Semb by Gcmpﬁﬂ@;ﬂQWned
e.g. by laser perforatlgﬂ g1 cBtReRwY ﬂléiﬁbFﬁﬁtéﬂﬂePflgyﬁﬁ”ﬁ £ne 32

covering tphe portion_30 the el ectrolyte diSposed, beyon eri neter
of the ref rBﬁﬁ??&%&tFBHEriiblﬁnthétﬁaemﬁﬁﬁkh$ﬁﬁﬁl%ﬁrtﬁélﬂnﬁémﬂﬁﬁPGQhe

electrol yte iy p@ig 68684 bﬂ hhaubsgtiratfe;2 neander line or spiral with
one end 30a over the e 4 and the ot her end130b égosed to the,
sol ution. Perneabl e nenﬁr%i gz ayer of an electrolyte material covering
all portions of said electrode not 1n contact with said
substrate and extending beyond the perlmeter of said
10 electrode; and . _
- a second layer of material impermeable to said
chemical species but permeable to water extending over a

portion of said electrolyte layer beyond the perimeter of

(7))

said electrode,
15 such that when said electrode contacts an agqueous
solution a first portion of the surface of the electrolyte
- over the electrode and extending beyond the perimeter of
said electrode is exposed to water but is sealed with
réspect to said ionic.species and ‘a liquid junction is
20 formed at a remaining second portion of the surface of the
electrolyte; and )
wherein the distance in the electrolyte between
the exposed second portion of the surface of said
electrolyte material and the electrode is large compared to
25 the distance in the electrolyte between the impermeable
layer and the substrate.

2. A reference electrode of claim 1 wherein said
electrode is formed by thin film fabrication techniques.
30 o
3. The reference electrode assembly of claim 1
wherein said electrode is generally planar with respect to
said substrate. :
__—————'——_———__———.
v B O R R
* [ L M s *
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covers t he entirrety of the neander |ine except at 3ob e~ e ance
for diffusiron of ions laterally along the |ayer 30 |t Vi LIV

In view of the fyregoing description other nethods. '—T_Brlcatlon ¢f {the
wor ki ng el ect r od ¢/ ik & AR gcEN pde assenbly nmay occuog Eﬁhﬁ@ qf Jskill
in the art.. . - APE : | of e I nvgngi on
have been shomn : o | |71' realized b\A%hssc sit+H-ed ijn t he
art that others are p055|ble as well. In each casqg, an |nportant asfject “of
the invention is that prior to use the reference el i, ively

conprising a nmetal covefedqpyg Q:e?@ Y Hredtrdd) Ysedndi 2 di’”b aim

el ectrolyte. A path for wat er es to dlffuse throu h the e ectrolyte
to reach thewhexredah&aid edectgedes %ﬁ’@&ﬁ vimet 1ok i genkactat h
by which chagdeh isaid substrate and an overlying onter layer of a salt,

alloy, or compound of said metal which is reversible to an
5 jon X. |

_ _ 5. The reference electrode éssembly of claim 3
wherein ion X is.c1-, the metal portion is Ag'and the
-overlying outer layer is AgCl. '

10
6. The reference electrode assembly of claim 4
wherein said electrolyte is a material having KCl dispersed
therein. ' .

15 ' 7. The reference electrode assembly of claim 1
wherein said second layer is formed of PVC, PTFE, or
silicone rubber materials.

8. The referenbe electrode assembly of claim 1 in
20 combination with a working electrode.

9. The combination of claim 7 wherein said
reference and measurement electrodes are formed on a common

substrate.
25 -

10. The combination of claim 8 wherein said
electrodes are formed using thin film fabrication
techniques. ' |

30 . 11. A reference electrode assembly comprising: -

an electrode comprising an outer layer of a
material reversible to a chemical species, said electrode

being disposed on a substrate;
- | | RN A
* [ L M S *
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i on conckntration can reach then‘ﬁl “\!&lﬂﬁﬂl&km\odﬁw
el ectrolyte in the vicinity of 1 wet§§EpL HE‘T
t he changes ingd ‘ 4-on reach the electr 'qh—éggggmﬂggeﬁ nfer st ood
by those of skil THI® HASt ﬁma_ t he reference ele&t3f§%%§§§ggbly pf t he

i nvention can Ke uscRERLACEDNDI najion with a wide yapi i t}opa

el ectrodes, whitetr=rey™ ermed "potentponetric ipdicating” or sifply .
"wor ki ng" el ectrodes. These nmay incl ude—el ectrode$ which are actual]y

i on-sel ective. The reference el ectrode of the inv used in

connection with other types of structures or devices. Accordjnély, while a
nunber of preferred entfodidnsh stawex RE iy GHISF Hke Heakerak r¢overinge

i nvention isanql gortiond nif hidaardtivde aty iy dditcdet withossidi ms.
substrate and extending beyond the perimeter of said
electrode; and

5 a second layer of material permeable to water bht
impermeable to any chemical species present in said
electrolyte material or in a solution in which the reference
electrode is used whose concentration affects a potential
developed at said electrode, said second layer extending

10 over a portion of said electrolyte layer extending beyond
the perimeter of said electrode,
such that when said electrode contacts an aqueous
solution a first portion of the surface of the electrolyte
over the electrode and extending beyond the perimeter of

15 said electrode is exposed to water but is sealed with
respect to said ionic species and a liquid junction is -
formed at a remaining second portion of the surface of the
electrolyte; and '

wherein the distance in the electrolyte between
20 the exposed second portion of the surface of said
electrolyte material and the electrode is large compared to
the distance in the electroiyte between the impermeable
layer and the substrate. '

t han

. W )

5 12. A method for measuring a signai responsive to
the concentration of an ionic species in an aqueous
solution,-compnising the steps of: :

manufacturing a reference electrode assembly, said
assembly comprising an electrode on a substrate, said

30 electrode being surrounded by a dry electrolyte, a portion
of said ‘electrolyte extending over said electrode beyond the
perimeter of said electrode being covered by a layer of
material permeable to water and impermeable to any chemical
species present in said solution or in said electrolYte

35 whose concentration affects a potential developed at said

AN
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{Le)’ Sbmmr 151 ng: amaloctsados scmo .ysmlulﬂul\lillllﬂtlﬂ L
reversible to a h'ﬁﬂS(SHEd’ékS BEENJai d* el ect'r ode Being i

substrate (12); a flrsREPaMHK)of a electrolyte materi a
portions of said st i n~kontact with sai

sposed on a
30 SSER1I%g hi | -
bubstrate (12){ ahd

ext endi ng beyond the perlneter of sald-ETectrode (14); an
(32) of material inperneable to said chem cal species big

a second T ayer
perpeable to

wat er extending over_a portion of sajd electrolyte |ayer

peri net er ofe&&ﬁ&ﬁSQ&xr%ﬁ&ﬁ?%ﬁ)P°§E&9Pt?ﬁusﬂﬁﬁﬁﬁ}ﬁ%tEQFM%
contacts an &ﬂp@@@ﬁEﬂﬁu&h(mh&tftmétdistancﬁlxﬁ §&Edsaléee

Card el et oS it deSted A ERRREE) OO LBl R 0.

heyond t he
€tP8de
goliyteh€rom

BR= EbHTERE,

said chen1cadlspanq§;xnmsandlﬁﬂnetleutecﬁrqm;ﬁh#rﬁ%@@ﬁed pextilohngf the

exposed 5950E§e@E961§£45¥gntﬁg dlctrsdéce of the electro

assembling the reference electrode

lyte (30); and
assembly

together with a working electrode, and connecting said

electrodes to means for measuring the voltage
placing said reference electrode as

therebetween:; .
sembly and said

10

working electrode in contact with an agueous solution
containing the chemical species whose concentration to be
measured, whereby the electrolyte wets-up faster than

‘concentration changes take place in the electrolyte as a

result of migration between the exposed portion of the

15 electrolyte and the electrode; and
monitoring the potential dlfference between said
reference and working electrodes.
13. The method of claim 10 comprising the further
20 step of calibrating said assembly by exposure thereof to a
reagent having a predetermined concentration of said
chemical species. |
14. A method of manufacture of a working
28 electrode and reference electrode assembly, comprising the
steps of:
depositing layers forming a working electrode and
a conductor for the reference electrode on a substrate;
forming a layer of a material reversible to an ion
30 over the conductor of the reference electrode, thus forming
a reference electrode:;
depositing a layer of a dry electrolyte over said
reference electrode; and
35
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The
ectrode (14) is

wherein the distance in the electrolyte (30) between t
porti‘on (30b) of the surface of sald electrolyte mat e
electrolyte (14) g A e distance in
bet ween the i npef hoks )1 a _he el ectrode
el ectrode assenb]y ofFEPhAGEﬂ.mhereln said reference

formed by thin f echni ques. 3 T |y
of one of clains 1 and % mherel ald re eren ctrode 14) is generally
planar. 4. The electr ﬂﬁmé%%e Igh&reiAtex d

reference el énd otlepermeablbepto saasclaemaall symmme;n t(ol@)mcm thet adectirbde
sai d substratgs (devepfhbal vt tfKlid %&’yfez( B9 driecdtiraidite, Ok uﬂhT‘EHB‘E“Qd of

said netal which js reyersjble to sajd_chem cal speciés. el ectrode
assenbly of &WHONRE P SAYEL er}eﬁc"s'i?&yt@s %*@eedm% keyeBfakthgorti on
(16) is AgSarpermm:emg/.ugemmmm;eeris(mt icoveg@d by. saidhtagkeecbrode
assenbl y of é%% dalns 1 to 5 wherein said electrolyte (30) is a

mat eri al havi ng |spersed t herei n.
herein the distance through said electrolyte

between said portion of said layer.of material overlying
said reference electrode and said substrate is small

10 compared to the distance through said electrolyte between
the surface of the portion of said electrolyte which is not
covered by said layer of material and said reference
electrode. ' |
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7. The el ectrode assenbly of one of clains 1 to 6 wherei n sai d second
| ayer (32) is fornmed of PVC, PTFE, or silicone rub.ber materl aI s. 8. The

el ectrode assenbly of one of clainms 1 to 7 furthe Sm King
el ectrode (10). 9. The el ectrode assembly of ong 1 wherein

said second layer (32) is inperneable toldny che 3 eci es ese]t I n
said electrolyte material or in a solution in whig¢h ttﬂz rJAN i e| ect rode

al devel oped a sai d

(14) is used, whose concentration affects a potengi
erein sard refer

el ect r ode ClagmsThe el ectrode assenbly of claim8
(14) and working (10) electrodes are fornmed on a | {
16 11. The el ectrode assenbly of one of clains 8 or 10 wherein said

el ectrodeg (10,o44 PyTo8 br i .
A et hod fslor ne‘%%u%lle%ﬁogé;l gha @%ﬁ%@eﬂdﬂég %o%gfgkg %1% gﬂ%@gﬁﬂge (llﬁ
chem cal speci esmprisinggqueous sol ution, conprising the steps of:

an electrode comprising an outer layer (18) of a material
reversible to a chemical species, said electrode being disposed on a
substrate (12);

a first layer of an electrolyte material (30) covering all portions of
said electrode (14) not in contact with said ‘substrate (12) and
extending beyond the perimeter of said electrode (14); and

a second layer (32) of material impermeable t6 said chemical
species but permeable to water extending ovér a portion of said
electrolyte layer (30) beyond the perimeter of said electrode (14),

such that when the said electrode contacts an aqueous soiution
a first portion of the surface of the electrolyte (30) over the electrode
and extending beyond the perimeter of said electrode (14) is contacted
by water but is sealed with respect to said chemical species and a
liquid junction is formed at a remaining exposed second portion (30b)
of the surface of the electrolyte (30); and

wherein the distance in the electrolyte (30) between the exposed
second portion (30b) of the surface of said electrolyte material (30) and
the electrolyte (14) is large compared to the distance in the electrolyte
(3c) between the impermeable layer (32) and the electrode (14).

2. The electrode assembly of claim 1 wherein said reference electrode

(14) is formed by thin film fabrication techniques.
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A

manuf acturing a, reference el ectrode assenbly, said a REMGEWrS ’5 an
el ectrode (14) on a substrate (12), said el ectrode be¢i hg surrounded b
dry electrolyte (.30), a portion of said electrolyte ¢x{erglonpNedess shi fi
el ectrode (14) beyond the perineter of said el ectrod¢ lbei ng covered ﬁ\y a
| ayer (32) of material perneable to watelSand i nper 1 ¢al

species present in said solution or in said el ectrol yte whose concentr Etion
affects a potential devel oped at said el ectrode, another poriion of said

el ectrol ySe (3Gheaelestrasiepassambluofionbaif dlaimslilsand @ vilierei said eeferohyé e
(30) fromsaid E%%ﬁ?r of material (32). to said electrode (14) is less than

the di stance iff %d‘él(%@t%‘iﬂ’é' lyaylanagm t he exposed portion (30b) of the

assembly’ (1) taseFlreredt BSaddibly ohbhe BF 2flld Iha BopherSicopa. Feffrates
(10, 14) to neahectiede qqﬁzlu&r??ddé@ ¥Oiae ﬁ&&%{&?qg}ﬂzgﬁ g&?ﬁﬁg?ﬁ’,ﬁﬁ' daid

reference el ectrode asse y 4) and sai d wor ki ng

contact with asubsgtesded12pand said(@2jerdeyen{18)ng difenlt beri camponand of saftbse
concentration isﬁ»ﬁ?‘ asured,, whereby the electrolyte (30) wets-up
faster than coft ichisaeyaGHble fx saidl ghemical species.

<
Q

S. The electrode assembly of claim 4 wherein said chemical species is CI,
the metal portion (16) is Ag and the overlying outer layer (18) is AgCL.

—
6. The electrode assembly of one of claims 1 to 5 wherein said electrolyte
(30) is a material having KCl dispersed therein.
7. The electrode assembly of one of claims 1 to 6 wherein said second
layer (32) is formed of PVC, PTFE, or silicone rubber materials.
. 8. The electrode assembly of one of claims 1 to 7 further comprising a
working electrode (10).
,_ 9. The electrode assembly of one of claims 1 to 8 wherein said second
U

layer (32) is impermeable to any chemical spec;ies present in said
electrolyte material or in a solution in which the reference electrode
(14) is used, whose concentration affects a potential developed at said

electrode.

10. The electrode assembly of claim 8 wherein said reference (14) and

working (10) electrodes are formed on a common substrate (12).
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Im the electrolyte (30) as a result of mgration bet GENHEU%gﬂﬁET
portion (30b) of the electrolyte (30) and the electr¢d¢ (14), and
monitoring the patential difference between said ref¢r¢ndd AN 19980 o} ki ng
(10) el ectrodes. 17 13. The nmethod of claim 12 co ising the fur}hpr
step of calibrating said assenbly by expb®ure thereof to a reagent vl ng a
predet erm ned concentration of said chem cal speciesi_14._ A nethod of
manuf acture of a working el ectrode and reference el ectrode assenbly,

conpri si nd 1t he Theegleetrodge gssembly bhyene Db claimpsa &woki b svheteindsaid0)
and a conduct or 6) . fo he, reference, el ectrode (14) on a substrate (12);
formng a Iayel’ﬂ%deﬁﬁ had»nﬁ‘t‘)eﬁ%fOWfL%m thin,fi ct)ﬁg‘ﬂct?fﬂo.l%_ HAUSHer

t he condu r(al it e e f ' .

refer enceq_tezf') ec?\r ?deetﬁfoge%s#ﬁaﬁg a gyéelgﬁ%; Qgggéééi)gree{g?yg? ftg gl %%ggsﬁ(l)?/%r()fs%i d
ref erence chemical species in an aqueous solution, comprising the steps of:

manufacturing a reference electrode assembly, said assembly
comprising an electrode (14) on a substrate (12), said electrode being
surrounded by a dry electrolyte (30), a portion of said electrolyte
extending over said electrode (14) beyond the perimeter of said
electrode being covered by a layer (32) of material permeable to water
and impermeable to any chemical species present in said solution or
in said electrolyte whose concentration affects a potential developed at
said electrode, another portion of said electrolyte (30) being exposed,
such that the distance in said electrolyte (30) from said layer of
material (32) to said electrode (14) is less than the distance in said
electrolyte (30) from the exposed portion (30b) of the eleétrolyte (30) to
the electrode (14);

assembling the reference electrode assembly (14) together with a
working (10), and connecting said electrodes (10, 14) to means for
measuring the voltage therebetween;

placing said reference electrode assembly (14) and said working
electrode (10) in contact with an aqueous solution (22) containing the
chemical species whose concentration is to be measured, whereby the |
electrolyte (30) wets-up faster than concentration changes take place
in the electrolyte (30) as a result of migration between the exposed
portion (30b) of the electroljrte (30) and the electrode (14), and

monitoring the potential difference between said reference (14)

and working (10) electrodes.
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ekectrode (14); and formng a |ayer (32) of a materi §EP _ —teWdt er
and i nperneabl e to said chem cal species over said |fyfer of ehe oliytje

(30) such that an exposed portion (30b) of said |ayey f 08 d& r@b tg (}30)
ext endi ng beyond the perineter of the reference eleckripde (14) is ndt
covered by said layer of material (32); ¥erein the distance through daid
el ectrolyte (30) between said exposed portion of saifllayer of nmateridl”
(32) overlying said reference electrode (14) and said substrate (12) is

smal | conl&: ed The methodsefacleimt h2 cognprising the fartdiey: stepauf) calibrading shid
surface of the portilﬁn f said electrol yte %3025 which i s not covered bﬁ/ :
said |ayer of ARSBEMRY PBESXRGHIES, % A LB, E’@Eé‘%ﬁi)?m etermiried

concentration of said chemical species.

14. A method of manufacture of a working electrode and reference

electrode assembly, comprising the steps of:

depositing layers forming a working electrode (10) and a
conductor (16) for the reference electrode (14) on a substrate (12);

forming a layer (18) of a material reversible to a chemical species
over the conductor (16) of the reference electrode (14), thus forming a
reference electrode;

depositing a layer of a dry electrolyte (30) over said reference
electrode (14); and _

forming a léyer (32) of a material permeable to water and
impermeable to said chemical species over said layer of electrolyte (30)
such that an exposed portion.(30b) of said layer of electrolyte (30)
extending beyond the perimeter of the reference eléctrode (14) is not
covered by said layer of material (32);

wherein the distance through said electrolyte (30) between said
exposed portion of said layer of material (32) overlying said reference
electrode (14) and said substrate (12) is small compared to the
distance through said electrolyte (30) between the surface of the
portion of said electrolyte (30) which is not covered by said layer of
material (32) and said reference electrode (14).
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