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(57) Abréegée/Abstract:

The Invention describes a sensitive measuring probe and an associated measuring procedure for the detection of agents and their
concentration in gases and/or liguids and this measuring probe can be used under the most varied real measuring conditions

without additional expenditure and does not require a heating element. According to the invention, this requiremer
a covering film consisting of a liquid Is located above the sensor-active layer of a measuring probe and the coverir

INn the active zone of the measuring probe and the combination of various partial conductances, in particular, of th

tis fulfilled in that
g film Is included
e substance, the

covering film and the active surface formed between both of these Is included Iin the determination of the total conductance without

compensation.
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ABSTRACT

The invention describes a sensitive measuring probe and an
associated measuring procedure for the detection of agents
and their concentration in gases and/or liquids and this
measuring probe can be used under the most varied real
measuring conditions without additional expenditure and
does not requilire a heating element. According to the
invention, this reqgquirement i1s fulfilled 1n that a covering
film consisting of a liquid 1s located above the sensor-
active layer of a measuring probe and the covering film 1is
included in the active zone of the measuring probe and the
combination of various partial conductances, 1n particular,
of the substance, the covering film and the actlve surface
formed between both of these 1s 1ncluded 1in  the
determination of the total conductance without

compensation.
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measurement of the concentration of agents in gases and/or

liquids. To do this, the measuring device uses the change

in electrical characteristics. To conduct the measurement,

- the substances to be examined are placed in contact with

the surface of the measuring device. The substance changes
the conductivity, depending on its concentration, of the

surface of the measuring device.

It 1s known, that the concentration of various agents can
be determined with the aid of resistance measurements. For
example, the international patent classification (IPC),
GOIN 27/00,describes the analysis of materials through the
application of electrical methods. Under GO1N 27/12 special
resistance studies are considered, which show the change in
the resistance of a solid in relation to the absorption of
a liquid. Measuring probes with electrodes are used to do
this, which are described in GO1N 27/07.

are attached to a support, and that the conductivity of a
sulitable substance is determined between these electrodes
as an indirect measurement variable for the determination
of the concentration of the substances being examined. De-
pending on the agents being examined, various often spe-
cially optimized substances are used, on which the agents
being examined adsorb. In addition, the substance itself
also has a certain electrical conductivity, which 1is

changed by the adsorption and physical combination of

agents serving as an adsorbate. Organic and inorganic semi-
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conductor materials are used as suitable materials for this
purpose, since the relative change of the conductivity due
to the adsorption of these agents 1is sufficiently large.
For various agents, both small band and broadband sub-
stances are known, which function selectively. The change

of the electrical conductivity serves to determine the con-

By using a suitable design of the electrodes, the usable
conductivity range can be represented by a suitable conduc-
tance of the measuring probe. By means of a suitable ar-
rangement of the surface, such as pores, between the elec-
trodes, the proportional influence of Che adsorption on the

part of the substance used for the measurement can be

tured with organic semiconductor material, preferably poly-
mers, on ceramlc supporting materials. Due to the high hu-
midity and the nigh surface tension of water, the sub-
stances of such measuring probes are coated with a thin wa-
ter film in a normal climate. Due to 1ts own conductivity,
this results in a total conductivity of the measuring de-
vice, which is about one magnitude above that of the sub-
stances used. In order to prevent an 1incorrect measurement

due to the absorption of water, such measuring probes are
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which heats the substance so that the moisture film evapo-

rates completely. These measuring probes necessarily func-

and primarily above 150°C. The useful measurement range,
with respect to the concentration of the agents, normally

runs from a minimum of 1 part per million (ppm) to a satu-

- there is a monotone increasing conductance of the measuring

probe, which, based on previous calibration, can be con-

verted into the concentration of the agent belng examined.

The disadvantage of such sensors is the relatively low sen-

sitivity to very low concentrations for certain agents in

gases and the requirement for heating. Due to this, such
measuring probes are more complex and more expensive to
manufacture and to operate. In addition, the use of these

in the ambient temperature range, for example for a normal

climate, is limited.

The specification sheet, EP 0 328 108 A3, describes an
electrochemical sensor for the measurement of the concen-
tration of a chemical substance in a solution, where two
field-effect transistors (FET) and a reference electrode.
are arranged on a substrate. A hydrogel as an "electrode"
1s arranged above the area of the channel of one of the
FETs and the reference electrode and enzymes are used for
substance detection, which activate the FET through the

change of the conductivity in the electrode. The detection

of the type and concentration of the substance in the solu-

Lion 1s done by means of an evaluation of the signal from
the FET.

This sensor can only be used for the determination of rela-

tively high concentrations in the range of a few parts per
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million for substances 1in solutions but agents in gases
cannot not be determined sufficiently with this method. The
concentration of only a few selected substances can be
determined 1in this manner. In addition, the hydrogel for
the sensor can be easily and irreversibly contaminated with
substances disturbing the measurement and this makes the
sensor unusable. Due to the microstructures, expensive
technologies from the microelectronics area are needed to

manufacture such sensors.

The announcement of the PCT application with the number,
WO 89/08713, reveals a method and a device for determining
the concentration of certain body fluids. A fluid sample is
placed 1n a sample cell with two electrodes and mixed with
an oxidizing agent and a buffer as a redox-system and then
the conductivity is read from an ammeter and an evaluation
unit and display unit show the concentration of the
substance in the body fluid. The conductivity of the sample
fluid 1s also used to turn on the measuring device. The
dlisadvantage of this method is the limitation to 1liquids,
the relative 1insensitivity with a lower detection range in a
concentration of ppm and the arrangement of a reference
electrode 1n the sample cell. This is further development of
the measurement arrangement for the determination of the

conductivity of liquids.

The specification sheet, DE 44 37 274A, describes an
analyte-sensitive sensor for qualitative and/or quantitative
determination of i1ions or materials contained in solutions,
whereby the analyte-sensitive sensor consists of at least
one layer, which is in contact with the solution and which
1s applied to an inert supporting material. The layer is to
be analyte specific and 1s to consist of a ligquid, solid or

semisolid material and the layer is to be in contact with at
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least two electrodes. The layer is to selectively remove the
analyte from the solution so that the absorption or
adeorption of ' the analyte changes the electrical
characteristics of the layer such as the resistance,
conductivity, admittance or the impec'iance. The analyte-
specific layer,' as a polymer membrane layer, is to have
specific, ion-selective or molecule-selective e0up1ing-
elements added, which extract the specific analyte from the
solutien through this polymer membrane layer. Of necessity,
tﬁe analyte-specific laYer must be designed for the speeific
agent to be determined by means of the special coupling

elements. This will result in a sensor, which can only be

used for a certain agent and which must be known before the

manufacture of the sensor. ‘The disadvantage is that
measurements can only be made in liquids and that this can
result 1n,. due to the coupling elements used, J.rreversn.ble
enalyte extractions or combining with the layer; which will

mean that changes of the quantity of an agent can no longer

be determined during the measuring period.

The purpose of the invention is to develop a measurlng probe
and an associated measuring process, which results in a
sensitive measuring probe, without the above disadvantages,

for the detection of agents and their concentration in gases
and/or liquids and this is to be done under the most wvaried

of real measuring conditions without _add:n.t:l.onal expenditure

~and without a heating element.

This purpose is achieved with a measuring probe with a sensor-

active layer 1in the form of an electrode pair for the

detection of agents and their concentrations in gases and
liquids so characterized that between the sensor-active layer
of the measuring probe and the gas or liquid with the agents

to be determined a liquid covering film is located, whereby an
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active surface of the sensor-active layer formed by reversible
doping by adsorbing agent molecules is located between the

liquid covering film and the sensor-active solid layer.

The invention is further directed to a measurement procedure
for the detection of agents and their concentration in gases
é.nd/ or 1 iquids by means of a measuring probe as @utllne

herein SO characterized that reve rSJ.ble -
doping with the agents on the surface of the measuring probe
occurs, whereby the covering film consisting of a 1liquid,
which film is located between the substance of the sensor-
active layer and the gas or the liquid with the agents t.o be
determined, is included in an active zone bf ‘the measuring
probe and that the change of the conductances for the
substance, the covering film and the active' surface can be
included as various partial conductances of the measuring
probe, through the reversible doping comparéd to the 1initial
value, 1in the measurement of the total conductance without
compensation and that the size of the differentiél change 1in

the conductance of the measuring probe is to be used, after

- prior calibration, for the determination of the agents and

calculation of their concentrations.

The essence of the invention is that a measuring probe in
the form of a dipole is used to determine the electrical
resistance of a sensor-active layer, where a covering film

from a liquid such as water is purposely included in the
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active zohe of the measuring probe. The covering film forms
over the substance of the Seénsor-active layer. Based on the
covering film, a combination of various partial conduc-
tances 1is available. 1In particular these are the conduc-
tances for the substance, the covering film and for the ac-
tive surface, which forms between both of these. Molecules
of the covering film can also S€rve as an adsorbate for the

agent to be determined in the gas or liquid, in addition to

-the substance. The adsorption characteristics for certain

liquid for the covering film.

The measurement procedure, according to the invention, is
speclally designed for the measuring probe according to the
invention. The probe operates basically under saturated
conditions with respect to the adsorption of the liquid in
the diffusion layer. In its basic condition (0% agent +
liquid in saturation) there is a comparatively high conduc-

tance. The presence of certain agents, depending on the

Or 1ncrease the conductivity drastically and the effect of
a reversible doping occurs on the surface of the measuring
probe. This effect occurs even with relatively small con-

centrations of the agent to be found and is reinforced wlth

with respect to the basic condition. This conductance can,
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for the sensor is used, which represents this an electrical
dipole. The complex equivalent variables required for the
description in the measurement window correlate primarily
with the resistances and the thicknesses of the individual

layers.

The advantages of the invention are found particularly in

the greater sensitivity of the measurement procedure, com-

- pared to measuring probes without a covering film over the

substance, by at least two powers of ten and thus the de-
tection limit, for the agent to be found, is in the area of
parts per trillion (ppt) of concentration of the agent.
Thus, the possibility of conducting measurements under real
conditions without additional expenditure exists, for exam-
ple at room temperature in a normal atmosphere or inside
the body of a living organism. Long-term measurements for
the continual monitoring of concentrations of certain
agents can be carried out without the use of complicated

equipment.

The sensor does not require any heating element and thus no
temperature equalization or other special measuring condi-

tions.

It 1s also imaginable that such measuring probes could be
combined with other measuring probes in order to, for exam-
ple through the determination of the temperature and/or hu-
midity, be able to consider the influence of these parame-
ters for the calculations in the process according to the

invention.

In addition, it is also imaginable that several such meas-
uring probes could be combined, for example, in an array

wlith various structural dimensions and/or substances in or-
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der to 1nclude the selective characteristics of the sub-

stances 1n the analysis with respect to certain agents.

Another further development could be that such Sensors on
supporting material could be integrated directly into the

circuit of a controlled semiconductor element such as the

base or gate circuit.

- Additional possibilities for using the measurement results

networks or telecommunications systems.

The 1nvention will be described in more detail as an exam-—
ple of application based on figure 1 as the construction

principle of the measuring probe and figure 2 as the

equivalent circuit diagram of the measuring probe.

According to figure 1, a measuring probe (1) for agents in
gases consists of a pair of electrodes (2), which are par-
tially attached to a supporting material (3), whereby these
can be formed as a rise on the surface. There is a suitable
solid substance (4)in layers located above this surface
structure. In particular this substance is an organic semi-
conductor in the form of a polymer, which reacts to the ad-
sorption of certain agents (5) with a sufficient change in
conductivity. The agents (5) to be analyzed are in a gase-
ous state (6), which expands as an environment for the
measuring probe around the surface of the measuring probe
(1) . There is also a covering film (7) located between the
surface structure of the measuring probe (1) and the gase-
ous state (6). The film consists of water and the films
forms due to the finite humidity of the gaseous state (6).
Due to the mutual influence between the substance (4) and

the covering film (7) of water, an effective active surface
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(8) is formed with respect to the change of the conductiv-
1ty. Molecules of the agent (o) to be found are adsorbed on
the surface of the substance (4) and on the molecules of
the covering film (7) and at these locations they replace
water molecules and change the total conductivity of the

SENsSor.

nation of the concentration of the agents (5) to be ana-
lyzed. In particular, this allows a non-linear representa-
tion by fiducial values, which are essentially independent
of one another and correlate strongly with the design of
the measuring probe. By using complex equivalent variables
in the form of resistances, the behavior in the electri-

cally oscillating field is also described. A parallel con-

porting material (3), the substance (4), the active surface
(8), the covering film (7) of water, the gaseous state (©)
and an equivalent resistance I 9, which is essentially de-

pendent on the thickness of the electrodes (2) and the sub-

stance (4); an equivalent resistance TT 10, which is essen-
tially dependent on the thickness of the active surface (8)

and an equivalent resistance III 11, which is essentlally

dependent on the characteristics of the covering film (7).
The thickness of the covering film (7) out of, for example,
water 1s essentially dependent on the Cemperature. The in-
dividual layer resistances are connected 1n parallel and

the equivalent resistances (9, 10, 11) are arranged on both

Wl SR TR . - e s e 1 R hmAtr e o atiye rve s
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sides between the layer resistances of substance (4), the

active surface (8), of the covering film (7) and the gase-

ous state (0).

Using conventional measurement and evaluation units, the
change of the total conductivity of the sensor is regis-
tered through lines from the electrodes (2) and the change
1s recorded and evaluated to determine the concentration of

. the agent.
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Reference Symbols Used

Measuring probe

Electrodes

w N =

Supporting material
Substance

Agent

Gaseous state

Covering film

Active surface
Equivalent resistance I

Equivalent resistance IT

= =W g Y s

= O

Equivalent resistance III
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CLAIMS:
1. A measurilng probe with a sensor—active layer in the form

of an electrode pair for the detection of agents and their
concentrations in gases and liguids so characterized that
between the sensor-active layer of the measuring probe and the
gas or liquid with the agents to be determined a liquid
covering film 1s located, whereby an active surface of the
sensor—active layer formed by reversible doping by adsorbing
agent molecules 1s located between the liguid covering film

and the sensor-active solid layer.

2. A measuring probe according to claim 1 characterized that

the liquid covering film consists of water.

3. A measuring probe according to claim 1 or 2 so

characterized that several measuring probes are combined in an

array with various geometrical dimensions and structures of
the pairs of electrodes and the individual pairs of electrodes

consist of differing substances.

4 . A measuring probe according to any one of claims 1 to 3
so characterized that measuring probes are combined with other

measuring probes for the determination of the differing

physical parameters.

5. A measuring probe according to any one of claims 1 to 4
so characterized that the measuring probe is directly

1mplemented into a control —circuit of a semiconductor

component.
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6. A measurement procedure for the detection of agents in

gases and liquids and measuring concentrations of said agents

in said gases and liquids, sald procedure cOmp'rising the

steps of:

a) providing a measuring probe comprising a

sensor-active layer which reacts to adsorption of agent
molecules from a gas or liquid cohtaining the agent molecules

by changing electrical properties of the sensor-active layer

of “the measuring probe; a Jliguid covering film arranged

between said gas or liquid and said sensor-active layer so as

to cover said sensor-active layer, said liquid covering film

b 1)

being formed from said gas or liquid; and a plurality o:
electrodes arranged in contact with said sensor-active layer
for'measuring electrical conductance changes due\to presence
of said agent molecules in said gas or liquid;

b) doping a surface of the measuring probe reversibly

with sailid agent molecules by ads'orbing salid agent molecules
on that surface, so that an active surface 1s formed, whereby
said electrical conductivity changes due to the presence of
said agent molecules in said gas or liquid occur;

C) measuring said electrical coﬁductivity changes with
the measuring probe provided i‘n step a), wherein total
electrical conductivity measured by the measuring probe

comprises partial conductivities of the sensor-active layer,

- the liquid covering film, the active surface and the gas or

liquid, without compensation; and
d)  after prior calibration, determining the agents and

the concentrations of the agents from said electrical

conductivity changes measured with said measuring probe.
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