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(57) Abstract

The sensor includes a measuring electrode (1) for contact with a medium in which a measuring is to be undertaken, e.g.
measuring the gas concentration, an electrolyte layer (2), e.g. of nasicon, and a body (3) that is in contact with the electrolyte layer
and which constitutes a combination of a heating unit, and a temperature sensor and a reference electrode, and whick is encapsu-
lated in a capsule (4), e.g. of glass. Two contacts (5, 6) to the body (3) make it possible to heat the reference electrode and/or mea-
sure its temperature-dependent impedance. The measured value of the measuring electrode (1) is obtained between a contact (7)

to this electrode and one of the contacts (5, 6) to the body (3).
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1
Half-cell with a solid-state reference electrode for a
ceramic sensor.

The invention relates to a half-cell for a
ceramic sensor with an ion-conductive solid-state
electrolyte material, said half-cell receiving later on
a measuring electrode, and consisting of a layer of
solid-electrolyte material and a body that is in con-
tact with said layer and is made from a material pre-
senting electronic as well as ionic conductivity.

The disclosure of US patent No. 4 908 118 deals
with a sensor for monitoring hydrogen concentrations in
gases. A reference electrode exhibiting sodium ion
activity and consisting for instance of Nay,WO3 is used
in said sensor. The reference electrode is produced by
mixing nasicon-electrolyte powder with an appropriate
carrier followed by sintering.

Owing to its design and due to the fact that a
detector electrode of platinum, palladium or palladium
oxide is used in said known sensor, i.e. a material
having a great hydrogen permeability, this prior art
sensor 1is specifically determined to measure the
hydrogen concentration in gases.

DE-0S 38 11 864 deals with a measuring device
specifically determined to measure the partial pressure
of oxygen in molten glass at high temperatures. This
measuring device makes use of a reference electrode of
platinum which through an oxygen-ion-conductive, heat-
resistant material is in electro-chemically conductive
contact with the fluid in which measuring is to be
effected. Said measuring device also includes a hotwire
coiled around the reference electrode for comparing the
reference temperature of the melt and for adjusting the
ambient temperature of reference to the temperature of
the melt.

" EP-A2-189 038 deals with a sensor which is
likewise specifically determined for oxygen measuring
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by means of a solid electrolyte body exhibiting oxygen-
ion-conductivity.

The invention is based on the recognition that
the above mentioned prior art is limited by the fact
that said known sensors only allow a specific
measuring, viz. hydrogen and oxygen, respectively, that
there is a need for a type of sensor which may easily
be designed so as to measure many other substances and
in many other fluids and that the prior art sensors due
to their specific design cannot easily be conformed to
various measuring purposes..

The invention differs from the above referenced
prior art in that the solid-state electrolyte layer
closes an encapsulated electron and ion-conductive
body.

The advantage of such a design is that the body
embedded in its encapsulation and provided with its
solid-state electrolyte layer may be produced as a
half-cell on to which a task-specific measuring
electrode is applied in dependence on the specific
measuring task.

The electron- and ion-conductive body may
appropriately be in connection with contacts to apply
an electric current for heating the body and/or
measuring the temperature of the body.

The invention also relates to a ceramic sensor
with a half-cell of the above stated type and with a
measuring electrode determined to be brought into con-
tact with the medium in which measuring is to be
effected, said sensor according to the invention being
characterized in that the measuring electrode is formed
as a covering applied to the electrolytic layer.

A contact for the measured value may appropri-
ately be provided in relation to one of the contacts of
the body. The advantage of a sensor SO designed
- besides the possibility of easy conforming to a spe-
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cific purpose by a suitable choice of the nature of the
measuring electrode - is to be found in that by apply-
ing a suitable current signal to the body between its
contacts, the body may be rapidly heated to the tem-
perature that is the most appropriate for the actual
measuring, and by measuring its temperature-dependent
impedance between said contacts, information 'is imme-
diately supplied about the actual temperature in the
sensor and thus about the suitability of said temper-
ature for the actual measuring.

The invention will now be explained in detail in
the following with reference to the schematical draw-
ings, in which

Fig. 1 illustrates a preferred embodiment of the
sensor according to the invention, and

Fig. 2 is a function chart illustrating the mode
of operation of this sensor. ‘

Fig. 1 shows a preferred embodiment of the sen-
sor according to the invention. Reference numeral 1
shows a measuring electrode intended to be placed in
the medium in which a measuring shall be undertaken.
This electrode is formed as a layer of a material of an
appropriate type adjusting itself into thermo-dynamic
balance with the substance the concentration of which
is to be measured. The measuring electrode may for
instance consist of platinum if oxygen measuring is
desired, and of palladium or palladium oxides if hydro-
gen measuring is desired, or Na,CO3 for COy-measuring,
Na,S0, for SOy-measuring, and so on.

Reference numeral 3 shows a body constituting
a combination of a heating unit, a temperature sensor
and a reference electrode, and consisting e.g. of a
sodium-cobaltite compound. Said unit may be provided by
the thick-film technology as well as by the thin-film
technology.

Body 3 1s accommodated within a capsule 4,
e.g. of glass, and is kept éncapsuléted therein by an
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electrolyte layer 2 that may consist of stabilized
Zzr0, or nasicon. _

The sensor is provided so that the body 3 1is
in connection with contacts 5, 6, while the measuring
electrode 1 is in connection with a contact 7.

The flow chart in Fig. 2 illustrates the mode of
operation of the sensor according to the invention.
Within a measuring period, as shown along the time axis
in the chart, a preferably pulse-width modulated current
signal is at first applied, as shown by partial period
A - between the contacts 5 and 6 - with the purpose
of heating the body 3 to the temperature wanted for
the actual measuring. The dot-and-dash line in partial
period A in the chart reflects the pulse width
modulation.

After completion of partial period A, the tem-
perature in body 3 is measured in partial period B,
e.g. by measuring the temperature-dependent impedance
of the electrode between contacts 5 and 6.

In partial period C, between the contact 7 of
the measuring electrode 1 and one or the other con-
tact of the body 3, e.g. contact 5, sensor measuring
is effected with the view of obtaining the desired
value of measurement.

Said sensor measuring may be potentiometric
(measurement of electromotive force) or potentiostatic
(measurement of current).

A sensor so designed may be produced in quite
small dimensions e.g. of 2 x 3 x 8 mm, with threads of
a diameter e.g. of 0.1 mm.

The sensor may be used for measurement in pure
gases, combustion gases or atmosphere, at temperarures
exceeding 200°C. It may also be used for measurement in
drinking water, sea water or domestic or industrial
effluent, normally at temperatures not exceeding e.g.
go°c. It may further - normally at temperatures below

-
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40°C - be used for measuring in fermenters or flavour-
ing agents, or in medical experiments and examinations.

A particular advantage of the sensor according
to the invention consists in that a possible heating in
partial period A rapidly makes the temperature in
body 3 to rise to the value of temperature that is
most convenient for the actual measuring and in that
the following temperature measurement in partial period
B promptly gives an indication as to whether the
actual temperature in body 3 has attained the correct
value of the desired measuring.

It should, moreover, be observed that the activ-
ation of the sensor in partial period A 1is not absol-
utely necessary, provided measuring at ambient temper-
ature be effected, meaning that only temperature
measuring (partial period B) and sensor measuring
(partial period C) are effected.

It has been mentioned in the preceding that the
electrolyte layer 2 may consist of stabilized ZrO,
or nasicon but other materials may as well be used,
such as Na-B"-Al,05 or various polymers.

The choice of convenient combinations of materi-
als for the measuring electrode 1, the electrolyte
layer 2 and the body 3 offers the possibility of
designing sensors for specific measuring purposes.
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PATENT CLAIMS

1. A half-cell for a ceramic sensor with a ion-
conductive solid-state electrolyte material, said half-
cell receiving later on a measuring electrode, and con-
sisting of a layer (2) of solid-electrolyte material
and a body (3) that is in contact with said layer and
ijs made from a material presenting electronic as well
as ionic conductivity, characterized in that the solid-
state electrolyte layer (2) closes an encapsulated
electron and ion-conductive body (3).

2. A half-cell for a ceramic sensor according to
claim 1, characterized in that the electron- and ion-
conductive body (3) is in connection with contacts (5,
6) to apply an electric current for heating the body
(3) and/or measuring the temperature of the body (3).

. 3. A ceramic sensor with a half-cell according
to claim 1 or 2, and with a measuring electrode deter-
mined to come into contact with the medium in which
measuring is to be effected, characterized in that the
measuring electrode (1) is formed as a covering applied
to the electrolyte layer (2).

4. A ceramic sensor according to claim 3,
characterized in that a contact (7) for the measured
value is provided on the measuring electrode (1) in
relation to one of the contacts of the body (3).
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