
EP0259012B1 Description BACKGROUND OF THE INVENTION 5     This invention
relates generally to an electronic hygrometer and an electronic
thermometer-hygrometer (hereinafter referred to as "electronic
thermohygrometer"). More specifically, the invention relates to a digital
electronic hygrometer including a humidity sensor which detects the change
in humidity of the atmosphere and produces an electric signal corresponding
to the detected humidity change, and relates also to a digital electronic
thermohygrometer including, in addition to the humidity sensor a
temperature 10  sensor whose electric resistance or electrostatic capacity
is variable with the temperature change of the atmosphere. As is well
known, digital electronic hygrometers of this type are comprised of a
sensor unit including a humidity sensor which detects the humidity change
of the atmosphere and produces an electric signal corresponding to the
detected humidity change; and a signal processing unit connected to the
sensor unit is  and consisting essentially of an amplifier,
analog-to-digital converter (hereinafter referred to as "a-d converter"),
and digital electronic circuit controls such as a microcomputer and
microprocessor (the controls being hereinafter referred to as
"microcomputer"). In the digital electronic hygrometer, an analog voltage
signal produced by and output from the humidity sensor of the sensor unit
is input to the signal processing unit, where the signal is amplified by
the amplifier and is converted into a digital signal through the a-d 20
converter. The digital signal is then led to the microcomputer which
calculates the humidity value of the atmosphere on the basis of the digital
signal. Patent Abstracts of Japan, vol. 8, No. 113 (P 276) [1550] 26th May
1984 discloses a hygrometer of this general type, and other relevant prior
publications are Patent Abstracts of Japan, vol. 8, No. 144 (P 284) [1581]
of 5th July 1984; N.T.I.S. Technical Notes, No. 6, Part B, June 1986, P
674, Springfield Virginia U.S.; 25  Lane, E.G: "Low cost Humidity Sensor";
and Patent Abstracts of Japan, vol. 7, No. 210 (P 223) [1355] 16th
September 1983. As is obvious from the foregoing, the conventional digital
electronic hygrometer requires that the amplifier for amplifying an analog
signal output from the humidity sensor and the a-c converter for converting
the analog signal from the amplifier into a digital one be connected in
between the humidity 30  sensor and the microcomputer, so that the
microcomputer can calculate the humidity of the atmosphere on the basis of
the analog voltage signal produced by the humidity sensor correspondingly
to the atmospheric humidity change. The requirement has made it difficult
to contain the whole circuitry inclusive of the microcomputer, amplifier,
a-d converter, and the like in a single LSI chip, with consequent
limitations on miniaturization, power saving, and cost reduction. 35    In
view of these, we have made an extensive study and have found that the
number of circuit components of the digital electronic hygrometer can be
reduced and the whole circuitry built up as a single- chip LSI by omitting
the relatively expensive a-d converter and using instead other technical
means having the function of the converter. It has also been found possible
to build, in a single-chip LSI, the electronic thermohygrometer that can 40
measure both the humidity and temperature by incorporating a thermistor or
other element as a tempera- ture sensor in the circuit of the digital
electronic hygrometer. The present invention is based upon these novel
discoveries. From EP-A-0 106 345 a humidity detection apparatus is known
where the measured value of a reference capacitor is compared with that
measured by the sensing element. 45 SUMMARY OF THE INVENTION This
invention, contrived in view of the aforedescribed circumstances, has for
an object to provide an electronic hygrometer which dispenses with the
relatively expensive a-d converter to reduce the number of 50  circuit
components and has the whole circuitry contained in a single-chip LSI,
making it possible to reduce the size, power consumption, and manufacturing
cost. Another object is to provide an electronic thermohygrometer which
eliminates the relatively expensive a-d converter to reduce the number of
circuit components, and uses a circuitry built up within a single-chip LSI,
thus reducing the size, power consumption, and cost. 55     The above
objects are achieved by an electronic hygrometer and an electronic
thermohygrometer according to the invention. In brief, the invention in one
aspect is concerned with an electronic hygrometer comprising oscillation
means 1 which includes a square-wave pulse signal generator 7, a humidity
sensor 3 connected to the square-wave pulse signal generator and which
exhibits characteristics variable with the 3   



EP 0 259 012 B1 humidity change of the atmosphere, and a passive element 5
connected to the square-pulse signal generator and which forms a time
constant circuit with characteristics of the humidity sensor, said passive
element being of a type different from the humidity sensor, said
oscillation means producing square-wave pulse signals corresponding to
changes in the characteristics of the humidity sensor, the hygrometer being
characterised by a reference electric element 11 connectable with the
signal generator in place of the humidity sensor, said oscillation means
producing reference square wave pulse signals corresponding to the electric
characteristics of the reference electric element, and by digital operation
processing means 9 which counts the frequency of the square-wave pulse
signals output from the oscillation means and calculates the ratio of the
electric characteristics of the humidity sensor to the characteristics of
the 10  reference electric element to determine the humidity of the
atmosphere on the basis of the counted value. The invention in a second
aspect is concerned with an electronic thermohygrometer which comprises an
electronic thermohygrometer comprising oscillation means 1 which includes a
square-wave pulse signal generator 7, a humidity sensor 3 connected to the
square-wave pulse signal generator and which exhibits electric resistance
variable with the humidity change of the atmosphere, and a reference
resistance element 15  11 connected in parallel with the humidity sensor,
characterised by a temperature sensor 13 connected in parallel with the
humidity sensor 3 and the reference resistance element 11 and which
exhibits electric resistance variable with the temperature change of the
atmosphere, first switching means SW10 which opens and closes the circuit
of the humidity sensor, second switching means SW20 which opens and closes
the circuit of the reference resistance element, third switching means SW30
which opens and closes 20 the circuit of the temperature sensor, and a
capacity element 5 connected to the square-wave pulse signal generator and
which forms a CR time constant circuit with the electric resistance of the
humidity sensor, with the resistance of the reference resistance element,
or with the electric resistance of the temperature sensor, said oscillation
means producing square-wave pulse signals corresponding to changes in
electric resistance of the humidity sensor 3 when the first switching means
SW10 only is closed, producing square- 25  wave pulse signals corresponding
to the resistance of the reference resistance element 11 when the second
switching means SW20 only is closed, and producing square-wave pulse
signals corresponding to changes in electric resistance of the temperature
sensor 13 when the third switching means SW30 only is closed; and digital
operation processing means 9 which calculates the ratio of the oscillation
frequency of square- wave pulse signals output from the oscillation means
when the first switching means only is closed to the 30  oscillation
frequency of square-wave pulse signals from the oscillation means when the
second switching element only is closed, said ratio corresponding to the
ratio of the electric resistance of the humidity sensor to the resistance
of the reference resistance element, or which calculates the ratio of the
oscillation frequency of square-wave pulse signals output from the
oscillation means when the third switching means only is closed to the
oscillation frequency of square-wave pulse signals from the oscillation
means when the 35  second switching means only is closed, said ratio
corresponding to the ratio of the electric resistance of the temperature
sensor to the resistance of the reference resistance element, and which
determines the humidity or the temperature of the atmosphere on the basis
of the counted result. BRIEF DESCRIPTION OF THE DRAWINGS 40 FIG. 1 is a
circuit diagram of a first embodiment of the electronic hygrometer of the
invention; FIG. 2 is a graph showing the humidity-electric resistance
characteristics of a variable resistance-type humidity sensor employed in
the electronic hygrometer and electronic thermohygrometer according to the
invention; 45    FIG. 3 is a circuit diagram of a second embodiment of the
electronic hygrometer of the invention; FIG. 4 is a graph showing the
humidity-rf characteristics of the humidity sensor used in the electronic
hygrometer of FIG. 3. FIG. 5 is a schematic view of the structure of a
ceramic humidity sensor used in the electronic hygrometer and electronic
thermohygrometer of the invention; 50    FIG. 6 is a circuit diagram of a
third embodiment of the electronic hygrometer of the invention; FIG. 7 is a
circuit diagram of a fourth embodiment of the electronic hygrometer of the
invention; FIG. 8 is a circuit diagram of a further electronic hygrometer.
FIG. 9 is a graph showing the humidity-electrostatic capacity
characteristics of the humidity sensor used in the electronic hygrometer of
FIG. 8; 55    FIG. 10 is a graph showing the moisture absorption-desorption
response characteristics of the humidity sensor used in the electronic
hygrometer of FIG. 8; FIG. 11 is a circuit diagram of a fifth embodiment of
the electronic hygrometer of the invention; FIG. 12 is a circuit diagram of
a sixth embodiment of the electronic hygrometer of the invention; 



4    EP 0 259 012 B1 FIG. 13 is a circuit diagram of another electronic
hygrometer; FIG. 14 is a circuit diagram of ninth embodiment of the
electronic hygrometer of the invention; FIG. 15 is a circuit diagram of a
tenth embodiment of the electronic hygrometer of the invention; FIG. 16 is
a circuit diagram of an electronic thermohygrometer as a ninth embodiment
of the invention; 5    FIG. 17 is a graph showing the temperature-fT/fO
characteristics of the temperature sensor used in the electronic
thermohygrometer of FIG. 16; FIG. 18 is a circuit diagram of an electronic
thermohygrometer as a tenth embodiment of the invention; FIG. 19 is a
circuit diagram of an electronic thermohygrometer as an eleventh embodiment
of the invention; and 10    FIG. 20 is a circuit diagram of an electronic
thermohygrometer as a twelvth embodiment of the invention. DESCRIPTION OF
THE PREFERRED EMBODIMENTS The invention will now be described in connection
with the embodiments thereof shown in the drawings. 15     FIG. 1
illustrates an electronic hygrometer as a first embodiment of this
invention. As is obvious from FIG. 1, the first embodiment comprises
oscillation means, i.e., a square-wave pulse generator 1, and digital
operation processing means, i.e., a microcomputer 9 which receives output
signals from the square-wave pulse generator 1. The swuare-wave pulse
generator 1 consists of a square-wave pulse signal generator, i.e., an
inverter element 7 which produces square-wave pulse signals that serve as
logic level signals; a 20 humidity sensor 3 and a switch SWI connected in
series with the humidity sensor 3 to open and close the circuit of the
humidity sensor 3 for constituting a first feedback circuit of the inverter
element 7; a reference resistance element R011 and a switch SW2 connected
in series with the reference resistance element R011 to open and close the
circuit of the reference resistance element R011; and a capacitor element
(hereinafter referred to as "capacitor") 5 that constitutes a CR time
constant or CR oscillation circuit with the 25  electric resistance of the
humidity sensor or with the electric resistance of the reference resistance
element RO11. As is well known, the humidity sensor 3 exhibits electric
resistance variable with the humidity change of the atmosphere. In this
embodiment of the invention, the humidity sensor 3 is made of a ceramic
humidity- sensitive material which is a solid solution, for example, of
zirconia (ZrO2) and at least one selected from 30  yttria [err] ,calcia
(CaO), and magnesia (MgO). Its humidity-electric resistance
characteristics, as repre- sented by a solid line in FIG. 2, are such that
the electric resistance changes range from 170 k[err] to 300 [err] for the
humidity changes from 30 to 95%. Details of the ceramic humidity sensor 3
will be described later. As the electric resistance of the ceramic humidity
sensor 3 changes with the humidity of the atmosphere, with the switch SW1
closed and switch SW2 open, and accordingly the oscillation frequency of
the CR 35 oscillation circuit formed between the electric resistance of the
ceramic humidity sensor 3 and the capacitor 5 undergoes a change, the
inverter element 7 produces square-wave pulse signals of a frequency
corresponding to the oscillation frequency. The inverter element 7 is also
designed so that, when the switch SW2 is closed and the switch SW1 to open,
it produces square-wave pulse signals of a frequency corresponding to the
oscillation frequency of 40 the CR oscillation circuit constituted by the
reference resistance element R011 and the capacitor 5. The square-wave
pulse signals produced by the inverter element 7 and processing of the
signals will be described later. In this embodiment, the inverter element 7
uses a C-MOS Schmidt inverter to reduce the manufacturing cost and electric
power consumption. The inverter further makes it possible to obtain stably
square-wave 45 pulse signals even at frequencies of the order, e.g., of 100
kHz. The microcomputer 9 comprises a CPU which performs arithmetic and
logic operations, a counter for counting the square-wave pulse signals
output from the square-wave pulse generator 1, a memory containing a
control program and for storing necessary data, input and output ports,
etc. The memory of the microcomputer 9 will store the data of
humidity-electric resistance characteristics of the ceramic humidity 50
sensor 3 represented by a solid line in FIG. 2, temperature compensation
data of the humidity sensor 3, and an equation representing the
relationship between the oscillation frequency f of square-wave pulse
signals output from the generator 1 and the electric resistance R of the
humidity sensor 3 shown in FIG. 1, i.e., 55 [err] 5 



EP 0 259 012 B1 where VO =     output voltage of the square-wave pulse
generator 1, VTH =    high-level threshold voltage of the inverter element
7 (C-MOS Schmidt inverter), VTL =    low-level threshold voltage of the
inverter element 7 (C-MOS Schmidt inverter), 5    k =       constant. The
CPU of the microcomputer 9 calculates a ratio rf = fH/fO of an oscillation
frequency fH of square- wave pulse signals output from the square-wave
pulse generator 1 when the switch SW1 only is closed to an oscillation
frequency fO of square-wave pulse signals output from the square-wave pulse
generator 1 when the switch SW2 only is closed, the ratio rf = fH/fO
corresponding to a ratio RO/RH of the electric 10  resistance RH of the
ceramic humidity sensor 3 to the resistance RO of the reference resistance
element RO11. From the relationship rf = fH/fO = RO/RH, the CPU finds a
value RH as RH = RO/rf and then finds the humidity of the atmosphere from
the RH value and the data represented by the solid line in FIG. 2. The
square-wave pulse generator 1 is constructed as described above for the
reasons to be explained below. We have experimented with the square-wave
pulse generator 1 of the most basic structure consisting of the 15
inverter element 7, the ceramic humidity sensor 3 connected to the feedback
circuit of the inverter element 7, and the capacitor 5 connected to the
input of the inverter element 7. It has now been found, as a result, that
the oscillation frequency f of the generator 1 is influenced to some extent
by the temperature characteristics and variations in the values of capacity
C of the capacitor 5, high-level threshold voltage VTH of the inverter
element 7, low-level threshold voltage VTL of the element 7, output voltage
VO of the 20 generator 1, and constant k. We therefore connected the
reference resistance element R01 1 in parallel with the ceramic humidity
sensor 3 and provided the switches SW1 and SW2 in such a manner that when
either was closed the other was open. The oscillation frequency fH 25
[err] when the switch SW1 only was closed and the oscillation frequency fO
30 [err] when the switch SW2 only was closed, were counted by the
microcomputer 9. Then, the ratio of fH to fO 35 were found to erase VTH,
VTL, VO, k, and C, and the oscillation frequency f was determined from the
value RO/RH only, whereby more accurate humidity measurement data were
obtained. The resistance of the reference resistance element R0l1 varies
almost negligibly with changes in temperature as compared with the
variations in the characteristic values of VTH, VTL, VO, C, and k. By
finding the value rf, i.e., fH/fO while eliminating the values VTH, VTL,
VO, C, and k, therefore, It is possible to determine the ratio rf solely on
the 40  basis of the electric resistance RH of the humidity sensor 3, thus
achieving the humidity measurement with greater precision. The switches SW1
and SW2 are usually comprised of analog switches or three-state buffers.
FIG. 3 illustrates an electronic hygrometer as a second embodiment of the
invention. As is clear from FIG. 3, the second embodiment of the electronic
hygrometer comprises the square-wave pulse generator 1 45 of the same
circuit structure as shown in FIG. 1 but the first feedback circuit
includes a first protective resistance element, or protective resistance
element R1, connected in parallel with the ceramic humidity sensor 3, said
ceramic humidity 3 and said protective resistance element R1 forming a
resultant resistance, a second protective resistance element, or protective
resistance element R2 consisting of a fixed resistance element R2 and a
variable resistance element VR'2 connected in series, connected to said
resultant 50  resistance in series, and a switch SW1 connected in series
with said protective resistance element R2. The square-wave pulse generator
1 is constructed as described above for the following reasons. The electric
resistance of the ceramic himidity sensor 3 that varies with the humidity
change of the atmosphere is confined so as not to be above or below a
predetermined range. This prevents the square-wave pulse generator 1 from
producing square= wave pulse signals of a frequency higher or lower than
the oscillation 55 frequency data in a given range stored in the memory of
the microcomputer 9. If the square-wave pulse generator 1 produces
square-wave pulse signals of a frequency outside the given range of
oscillation frequency, the CPU causes a display unit (not shown) to
indicate the overflow or underflow. In an experiment with the square-wave
pulse generator 1 constructed as above, the resistance of the protective 6



EP 0 259 012 B1 resistance element R1 was set to 190 k[err], the resistance
of the protective resistance element R2, i.e., the sum of resistances R'2 +
VR'2 of the fixed resistance element R'2 and the variable resistance
element VR'2 to be 10 k[err], the resistance of the reference resistance
element R011 to be 200 k[err], and the capacitance of the capacitor Cr to
be 0.0022 uf. The humidity sensor 3 that exhibited the humidity= electric
resistance 5    characteristics as shown in Table 1 below was used to find
by calculation the ratio rf (= fH/fO) and the humidity-rf characteristics
data of the ceramic humidity sensor 3 that showed the particular rf
ratio-humidity relationship, the data being as shown in Fig. 4. 10
T a b  l e          1 Humidity (%)                  RH   (k[err]) 30 %
166.95 k[err] 40                          78.55 50
20.21 60                            5.13 80                           0.99
90                           0.56 95                           0.32 20 We
also experimented with the square-wave pulse generator 1 of the structure
mentioned above to obtain experimental data close to the calculated
humidity-rf characteristics shown in FIG. 4. In finding the data, the ratio
rf was set to be 1 to about 20 for the convenience of counting. 25     The
ceramic humidity sensor used in the electronic hygrometer and in the
electronic thermohygrometer of the invention to be dealt with later, and
the method of manufacturing the ceramic humidity sensor are as typically
described below. The ceramic humidity sensor to be employed in accordance
with the invention may be of a type in which a pair of electrodes are
formed on the opposing faces of sintered ceramic pieces. Preferably, it is
30 made as a thick film type having a humidity-sensitive film formed on a
substrate. The structure of the thick film-type humidity sensor is as
shown, e.g., in FIG. 5, wherein an electrode layer 103 is formed on one
side or both sides of a substrate 101, and a humidity-sensitive film layer
105 (shown as partly broken away) is formed on the electrode layer. The
substrate 101 is made of a ceramic such as [err]. The electrode layer is
formed on the substrate 101, e.g., with gold, silver, platinum, or
ruthenium by the screen 35 printing, vacuum deposition, or photoetching
method. In recent years, varied fine processing techniques have come into
use to fabricate printed circuit boards for electronic circuits, and they
can be utilized in drawing fine electrode patterns. For instance,
sputtering is a useful means. The electrode pattern preferably consists of
a pair of comb-shaped electrodes, with the sets of comb teeth staggeredly
engaged as shown in FIG. 5. The resistance decreases proportionally with 40
the decrease in distance between the comb teeth sets, and accordingly the
sensitivity of the humidity sensor improves. Good results are obtained when
the comb teeth distance is from 0.05 to 0.20 mm. Comb teeth-shaped gold
electrodes are particularly effective in decreading the resistance of the
humidity sensor. Gold electrodes formed by the screen printing method as
desirable. Where the sensor is to be small in size, gold electrodes formed
by vacuum deposition is preferred. 45     A step for preparing a paste for
the humidity-sensitive material will now be described. For the electronic
hygrometer and for the below-described electronic thermohygrometer of the
inven- tion, the ceramic humidity senitive material is formed of a
stabilized ZrO2 powder. The stabilized ZrO2 comprises ZrO2 and at least one
selected from [err], CaO, and MgO in the form of a solid solution, with a
composition falling in the solid-solution region on the ZrO2 side in the
phase diagram. A ZrO2-Y203 system 50 is preferred.[err] may be added in an
amount 10 to 60% by weight. The powder formed of [err] solid solution is a
homogeneously mixed powder obtained by the coprecipitation reaction of a
mixture of [err] at a predetermined ratio with an alkali such as [err]
(ammonia), so that [err] is contained in ZrO2 in the form of a solid
solution in the state of raw material powders. The solid-solution powder
may be prepared by hydrolysis alkoxide process, or melting, besides the
coprecipitation. After prebaking at 600 55 to 800 C, the mixture is baked
at [err], and is ground by a ball mill to -625 mesh as a starting powder.
The powder is then pretreated so that at least one selected from KOH, [err]
is added by a reaction in accordance with the invention. Treatment with KOH
is preferred, in which case the powder is immersed in a solution containing
KOH at a concentration of 5 to 20% by weight for 1 to 20 minutes with 7    



EP 0 259 012 B1 stirring. In this way the powder containing 1 to 10% by
weight KOH is obtained. The powder pretreated for impregnation with KOH or
the like is then filtered and dried, and is primarily baked at [err]. It is
desirable to add 1 to 15 mol% of [err] to the powder at this stage to
improve the stability, 5  precision, and sensitivity of the resulting
humidity sensor. The amount must be greater than 1 mol% so that the
addition may be effective. If the amount exceeds 5 mol%, however, the
resistance increases objection- ably. The mixture is then subjected to
secondary baking at [err], and is ground again. The resulting powder is
thoroughly kneaded in admixture with a suitable resin coating material and
the 10 viscosity is adjusted with ethyl acetate or the like to prepare a
paste humidity-sensitive material. The thus obtained humidity-sensitive
paste is applied to the electrode layer by screen printing so that the
final film thickness is from 5 to 200 um, preferably from 20 to 50 um.
After drying, the paste is baked at [err], typically at [err]. A baking
time of 5 to 90 minutes, usually 8 to 20 minutes, is sufficient for baking
the ceramic particles into a skeletal structure of 15  humidity-sensitive
film and impart structural rigidity. Following the formation of the
humidity-sensitive film, the steps of assembling the element are carried
out including soldering, aging, casing, and marking, to obtain a complete
element. The aging is effected at [err], preferably [err], to obtain a
stabilized element that deteriorates little under the service conditions to
be encountered. 20   The completed humidity sensor is exposed to the
atmosphere in varied service environments to detect the water vapor
content. Its performance deteriorates upon deposition on its sensing part
of liquid water, carbon black, exhaust emissions, cement powder, pollen and
other dust and dirt suspended in the atmosphere. Deposition of water is
particularly detrimental. In order to keep off water, dust and dirt from
the sensing part, it is desirable to accommodate the 25  humidity sensor in
a casing having a window fitted with filter film in the portion facing the
humidity sensing part. The filter film must effectively prevent harmful
substances such as water, dust and dirt from reacting the sensing part,
while being responsive enough to transmit any wet atmosphere quickly to the
sensing part. As filter films that satisfy these requirements, polymeric
filter films such as of fluorocarbon resin and silicone 30  resin have been
introduced. The present applicant has already confirmed that a
chlorine-containing polymer film that meets the following requirements,
typically a chlorinated ethylene film, exhibits excellent prop- erties. (1)
Porosity      35 - 85% (2) Pore diameter   0.01 - 3 um 35   (3) Thickness
20 - 200 um On a single piece of substrate are usually printed, e.g., 24
elements. If the treatment with KOH is effected after the
humidity-sensitive film has been formed, the conductor pads for mounting
lead pins too are treated likewise to impair the solderability in soldering
at a later stage. According to the method of the invention in which the
humidity-sensitive powder is KOH-treated before the baking, there occurs no
such 40 deterioration of solderability. The humidity sensor using the
ceramic humidity-sensitive material exhibits humidity-electric resistance
characteristics as represented by a solid line in FIG. 2. It shows marked
improvements in characteristics, with great reduction in electric
resistance as a whole, as will be obvious from a comparison with the
similar characteristics of the conventional humidity sensor that does not
employ the material of the invention and 45 that is shown in a dotted line
in FIG. 2. FIG. 6 illustrates an electronic hygrometer as a third
embodiment of the invention. As can be seen from FIG. 6, the third
embodiment comprises the square-wave pulse generator 1 of the electronic
hygrometer shown in FIG. 1 installed in a square where measurement is to be
taken away from the point where the microcomputer 9 is installed. The
square-wave pulse generator 1 is connected to the microcomputer 9 via a so
signal transmission line, i.e., a cable 23 of a given length, so that the
humidity can be detected in the measuring space. FIG. 7 illustrates an
electronic hygrometer as a fourth embodiment of the invention. Like the
third embodiment, this embodiment comprises the square-wave pulse generator
1 of the electronic hygrometer shown in FIG. 3 and the microcomputer 9
connected together by a cable 23. The electronic hygrometers of 55 the
afore-described structures were contrived under the circumstances to be
described below. The conventional electronic hygrometer comprises the
square-wave pulse generator 1 and the microcomputer 9 as a unitary
structure to constitute an integral measuring instrument. Meanwhile,
automatic air-conditioning control systems are in use for remote,
centralized control away from the spaces being air-conditioned, such 



8    EP 0 259 012 B1 as greenhouses where vegetables and fruits are
cultivated, places for manufacturing special articles that require strict
humidity control, warehouses, office buildings, and other residential
buildings. In such cases, the above-mentioned systems pose a problem of
inconvenience in that the measuring instrument must be carried by the
operator to the spot where the humidity is to be measured and the data must
be reported 5  back to the original point. In order to solve the problem in
accordance with the invention, the square-wave pulse generator 1 is made
separate from the microcomputer 9 and connected to the  latter by the cable
23. FIG. 8 illustrates an electronic hygrometer. As will be obvious from
FIG. 8, the hyrometer comprises a square-wave pulse generator 201 and a
microcomputer 209 which receives output signals from the generator 201. The
square-wave pulse generator 201 is constituted by the same inverter element
207 as 10 used in the first to fourth embodiments, a resistance element 203
constituting the feedback circuit of the inverter element 207, and a
humidity sensor 205 which forms a CR time-constant circuit or a CR
oscillation circuit with the electric resistance of the resistance element
203. The humidity sensor 205 uses a humidity sensing element of a so-called
electrostatic capacity variable type, in which the electrostatic capacity
varies with the humidity change of the atmosphere. The humidity sensing
element of the type may consist of an 15 anode substrate composed of a
valve-action metal such as tantalum, titanium, niobium, aluminum, or
hafnium partly anodized to form a dielectric anodized film thereon, a
thermally decomposable metal salt such as manganese nitrate thermally
decomposed to form a semiconductor metal oxide layer such as of manganese
dioxide on the whole or part of the dielectric anodized film, and a water
vapor-permeable, electrically conductive electrode of carbon or silver
paint formed on the top. The humidity sensing element 20 of the type
detects the humidity of the following way. As the humidity sensor 205
adsorbs water from the air in an amount corresponding to the relative
humidity, the adsorbed water acts as an electrode opposite to the
dielectric anodized film. When the humidity is high, the area of the
electrode increases and a large electrostatic capacity is obtained. When
the humidity is low, a small electrostatic capacity is detected as a signal
and the change in relative humidity of the air is finally detected as a
change in the electrostatic 25 capacity. The humidity sensor of the
electrostatic capacity variable type exhibits high measurement accuracy and
sensitivity over a range of 0 to 100% RH as shown in FIG. 9 and further
shows very great moisture absorption-desorption response characteristics as
shown in FIG. 10. The data stored in the memory of the microcomputer 209
and the details of processing performed by the microcomputer 209 are the
same as those described in connection with the foregoing embodiments and
are not described here. 30     FIG. 11 shows an electronic hygrometer as a
fifth embodiment of the invention. Referring to FIG. 11, a reference
capacity element C0211 is connected in parallel with a humidity sensor 205
connected to the input of the inverter element 207 of the square-wave pulse
generator 201 shown in FIG. 8. A switch SW1 which opens and closes the
circuit connected to the humidity sensor 205 and a switch SW2 which opens
and closes the circuit connected to the reference capacity element C0211
are provided. The microcom- 35  puter 209 calculates the ratio rf = fH/fO
of an oscillation frequency fH of square-wave pulse signals output from the
square-wave pulse generator 201 when the switch SW1 only is closed to an
oscillation frequency fO of square-wave pulse signals from the square-wave
pulse generator 201 when the switch SW2 only is closed, the ratio rf
corresponding to the ratio CO/C of the electrostatic capacity C of the
humidity sensor 205 to the electrostatic capacity CO of the reference
capacity element C021 1. From the relationship rf - 40 fH/fO = CO/C, the
microcomputer 9 then finds the value C, assuming that C = CO/rf, whereby
the humidity of the atmosphere is found from the value C and the data given
in FIG. 9. The square-wave pulse generator 201 is constructed as described
above for the following reasons. Our experiments with the square-wave pulse
generator 201 of FIG. 8 revealed that the oscillation frequency f of the
generator 201 is influenced to some extent by variations in the resistance
R of the resistance element 203 , high-level threshold voltage 45 VTH of
the inverter element 207, low-level threshold voltage VTL of the inverter
element 207, output voltage VO of the generator 201, and constant k, and
also by their temperature characteristics. We therefore connected the
reference capacity element C0211 in parallel with the humidity sensor 205
and provided the switches SW1 and SW2 in such a manner that when one was
closed the other was open. The oscillation frequency fH 50 [err] [err] 55
when the switch SW1 only was closed and the oscillation frequency fO 9 



EP 0 259 012 B1 [err] 5  when the switch SW2 only was closed, were counted
by the microcomputer 209. Then, the ratio of fH to fO were found to erase
VTH, VTL, VO, k, and C, and the oscillation frequency f was determined from
the value CO/C only, whereby more accurate data of humidity measurement
than before were obtained. The changes in electrostatic capacity of the
reference capacity element C0211 with changes in temperature are almost
negligible as compared with the changes in such other characteristics as
VTH, VTL, VO, R, and k. By 10 finding the ratio rf = fH/fO, therefore, the
values VTH, VTL, VO, R, and k can be cancelled. The ratio rf is determined
solely by the electrostatic capacity of the humidity sensor 205. In this
way humidity is measured with high precision. Ordinary analog switches or
three-state buffers are used as the switches SW1 and SW2. FIG. 12
illustrates an electronic hygrometer as a sixth embodiment of the
Invention. As shown in FIG. 15  12, the electronic hygrometer comprises the
square-wave pulse generator 201 having the circuit structure shown in FIG.
11, wherein a capacitor C1 having an electrostatic capacity C1 greater than
that C of the humidity sensor 205 in the steady state is connected in
series with the element 205 which, in turn, is connected to the input of
the inverter element 207, to for a resultant capacity C' together with the
electrostatic capacity C of the humidity sensor 205, and a capacitor C2
having an electrostatic capacity C2 20 smaller than that C of the humidity
sensor 205 in the steady state is connected in parallel with the resultant
capacity C' 25 formed by the humidity sensor 205 and the capacitor Cl
connected in series, in order to form a resultant capacity C" (= C' + C2).
The upper limit of resultant capacity C" of the humity sensor 205 and
capacitors 30  C1 and C2 is restricted to be less than the sum C1 + C2 of
the electrostatic capacities of the capacitors C1 and C2, and the lower
limit of the resultant capacity C" is restricted to be not smaller than the
electrostatic capacity C2 of the capacitor C2. The square-wave pulse
generator 201 is constructed as above because of the reasons explained
below. The electrostatic capacity C of the humidity sensor 205 that varies
with the change in humidity of the atmosphere is limited so as not to
exceed or fall below a predetermined value, so 35 that the square-wave
pulse generator 201 will not send to the microcomputer 209 any sqaure-wave
pulse signal of a frequency higher or lower than the oscillation frequency
data in a given range stored in the memory of the microcomputer 209. If a
square-wave pulse signal of a frequency outside the preset oscillation
frequency range is output from the square-wave pulse generator 201, the CPU
instructs the display unit (not shown) to indicate the overflow or
underflow. In this embodiment, the variation of 40 electrostatic capacity C
of the humidity sensor 205 is confined within a predetermined range. For
this purpose, the capacitor C1 having the electrostatic capacity C1 greater
than that C of the humidity sensor 205 in the steady state is connected in
series with the sensor 205, and the capacitor C2 having the electrostatic
capacity C2 smaller than that C of the humidity sensor 205 is connected in
parallel with the sensor 205 and the capacitor C1 that are connected in
series, so that the resultant capacity C' of the 45  humidity sensor 205
and the capacitor C1 connected in series will not become greater than the
electrostatic capacity C1 of the capacitor C1. The resultant capacity C" of
the humidity sensor 205 and capacitors C1 and C2 is limited to be C" < C' +
C2 when the electrostatic capacity C of the humidity sensor 205 increases,
and is limited to be C' > C2 when the electrostatic capacity C decreases
and the resultant capacity C' becomes very small. 60     FIG. 13
illustrates another electronic hygrometer. As will be obvious from FIG. 13,
the electronic hygrometer consists of the square-wave pulse generator 201
of the electronic hygrometer of FIG. 8 that is installed in a desired space
where measurement is to be taken remote from the point where the
microcomputer 209 is installed, the square-wave pulse generator 201 being
connected to the microcom- puter 209 by a cable 223 of a given length so
that the humidity can be detected at the site of measurement. 55     FIG.
14 shows an electronic hygrometer as a seventh embodiment of the invention
and FIG. 15, a eighth embodiment. The seventh embodiment consists of the
square-wave pulse generator 201 of the electronic hygrometer shown in FIG.
11 that is connected to the microcomputer 209 by a cable 223. Similarly,
the eighth embodiment consists of the square-wave pulse generator 201 of
the electronic 10    EP 0 259 012 B1 



hygrometer of FIG. 12 that is connected to the microcomputer 209 by a cable
223. The circumstances under which the electronic hygrometers as the
seventh and eighth embodiments of the invention were contrived are the same
as those for the third and fourth embodiments, and are not described here
again. FIG. 16 illustrates an electronic thermohygrometer as an ninth
embodiment of the invention. As is clear 5  from FIG. 16, the electronic
thermohygrometer consists of the square-wave pulse generator 1 of the
circuit structure shown in FIG. 1, wherein a temperature sensor 13 such as
a thermistor whose electric resistance is variable with the temperature
change of the atmosphere is connected in parallel with the ceramic humidity
sensing element 3 inserted in the feedback circuit of the inverter element
7 and with the reference resistance element RO11 connected in parallel with
the humidity sensing element 3, and a third switching io  means SW30 is
provided to open and close the circuit of the temperature sensor 13. The
microcomputer 9 calculates a ratio rf = fH/fO of an oscillation frequency
fH of square-wave pulse signals output from the square-wave pulse generator
1 when the first switching means SW10 only is closed to an oscillation
frequency fO of square-wave pulse signals from the generator 1 when the
second switching means SW20 only is closed, the ratio rf corresponding to a
ratio RO/RH of the electric resistance RH of the ceramic is humidity
sensing element 3 to the resistance RO of the reference resistance element
RO11. The microcomputer 9 further calculates a ratio rf = fT/fO of an
oscillation frequency fT of square-wave pulse signals output from the
square-wave pulse signal generator 1 when the switching means SW30 only is
closed to an oscillation frequency fO of square-wave pulse signals from the
generator 1 when the switching means SW20 only is closed, the ratio rf
corresponding to a ratio RO/RT of the electric resistance RT of the 20
temperature sensor 13 to the resistance RO of the reference resistance
element RO11. From the relationship rf = fH/fO = RO/RH, the value RH is
found on the basis of RH = RO/rf, and the humidity of the atmosphere is
found from the value RH and the data represented by the solid line in FIG.
2. The temperature of the atmosphere is also found from the value rf =
fT/fO and the date of temperature fT/fO characteristics shown in FIG. 17
and stored in the memory of the microcomputer 9. The circuit structure of
25 the square-wave pulse generator 1 of the electronic thermohygrometer as
the eleventh embodiment of the invention was constructed as described above
for the reasons now to be explained. It was found in detecting the
temperature the oscillation frequency of the square-wave pulse generator 1
is influenced to some extent by variations in C, k, VTH, VTL, and VO and by
the temperature characteristics as in detecting the humidity in the manner
described in conjunction with the first embodiment. As stated, the
influences of 30 VTH, VTL, VO, k, and C are removed by utilizing the
relationship between the value fT/fO and the temperature. This embodiment
uses three-state buffers for the switches SW10, SW20, and SW30. FIG. 18
illustrates an electronic thermohygrometer as a tenth embodiment of the
invention. Referring to FIG. 18, the electronic thermohygrometer consists
of the square-wave pulse generator 1 of the circuit structure shown in FIG.
16, wherein a first protective resistance element, or protective resistance
element 35  R1, is connected in parallel with the ceramic humidity sensing
element 3 inserted in the feedback circuit of the inverter element 7. A
second protective resistance element, or fixed resistance element R2, and a
variable resistance element VR2 connected in series, are connected together
in series with a resultant resistance of the humidity sensing element 3 and
the protective resistance element R1 that are connected in parallel. A
third protective resistance element, or variable resistance element VR3, is
connected in series 40 with the reference resistance element RO 11
connected in parallel with the ceramic humidity sensing element 3. A fourth
protective resistance element, or protective resistance element R4, is
connected in series with a temperature sensor 13 that is connected in
parallel with the humidity sensing element 3 and with the reference
resistance element RO11. As explained in conjunction with the second
embodiment, the construction keeps the frequency of signals output from the
square-wave pulse generator 1 from deviating 45  out of the specified range
of the oscillation frequency data by controlling the electric resistances
of the ceramic humidity sensing element 3 and the temperature sensor 13
that vary with changes in humidity and temperature of the atmosphere, lest
the resistances exceed or fall below a predetermined range. Also, the
variable resistance element VR2 is adjusted correspondingly to the
adjustment of the variable resistance element VR3, lest the accuracy of
humidity measurement by the humidity sensing element 3 be not so  adversely
affected by the adjustment of the element VR3 which may be resorted to in
order to compensate for any variation in resistance of the temperature
sensor 13, e.g., due to the common use of the reference resistance element
RO11 by the humidity sensing element 3 and by the temperature sensor 13.
FIG. 19 illustrates an electronic thermohygrometer as an eleventh
embodiment of the invention. As will be obvious from FIG. 19, the
electronic thermohygrometer has the square-wave pulse generator 1 of the 55
electronic thermohygrometer of FIG. 16 that is installed in a desired space
remote from the point where the microcomputer 9 is installed, the
square-wave pulse generator 1 being connected to the microcomputer 9 by a
cable 33 of a given length so that the humidity can be detected in the
desired space for measurement. FIG. 20 shows an electronic thermohygrometer
as a twelwth embodiment of the invention. Like the eleventh 11 



EP 0 259 012 B1 embodiment, this electronic thermohygrometer has the
square-wave pulse generator 1 of the electronic thermohygrometer of FIG. 18
that is connected to the microcomputer 9 by a cable 33. The circumstances
in which the eleventh and twelfth embodiments are contrived are the same as
those for the third and fourth embodiments and are not explained here. 5
In the ninth to twelwth embodiments of the invention, the humidity sensor
used an element of the so- called electric resistance variable type whose
electric resistance varies with the humidity change of the atmosphere. This
is not a limitation to the electronic thermohygrometer of the invention,
however. For example, the humidity sensor may, of course, use instead an
element of the so-called electrostatic capacity variable type whose
electrostatic capacity varies with the humidity change of the atmosphere.
70     According to this invention, as described above, the frequency of
square-wave pulse signals output from the oscillation means is counted, and
the humidity of the atmosphere is determined on the basis of the count. The
relatively expensive a-d converter can be eliminated and the number of
circuit components decreased. Consequently, the whole circuit can be built
up in a single-chip LSI, and thus an electronic hygrometer is provided
which features reduced size, power consumption, and cost. Moreover,
calculation is 15 made to find the ratio of an oscillation frequency of
square-wave pulse signals output from the oscillation means when first
switching means only is closed to an oscillation frequency of square-wave
pulse signals from the oscillation means when the second switching means
only is closed, the ratio corresponding to the ratio of the electric
resistance of the humidity sensor to the resistance of the reference
resistance element. Calculation is also made to find the ratio of an
oscillation frequency of square-wave pulse signals output 20 from the
oscillation means when the third switching element only is closed to an
oscillation frequency of square-wave pulse signals output from the
oscillation means when the second switching means only is closed, the ratio
corresponding to the ratio of the electric resistance of the temperature
sensor to the resistance of the reference resistance element. The humidity
or temperature of the atmosphere is then determined on the basis of the
calculated result. This makes it possible to eliminate the relatively
expensive 25 a-d converter and decrease the number of circuit components.
Therefore, the whole circuit can be contained in a single-chip LSI,
realizing an electronic thermohygrometer small in size with reduced power
consumption and manufacturing cost. Claims 30 1. An electronic hygrometer
comprising oscillation means (1) which includes a square-wave pulse signal
generator (7), a humidity sensor (3) connected to the square-wave pulse
signal generator and which exhibits characteristics variable with the
humidity change of the atmosphere, and a passive element (5) connected to
the square-pulse signal generator and which forms a time constant circuit
with char- 35     acteristics of the humidity sensor, said passive element
being of a type different from the humidity sensor, said oscillation means
producing square-wave pulse signals corresponding to changes in the
characteristics of the humidity sensor, a reference electric element (11)
connectable with the signal generator in place of the humidity sensor, said
oscillation means producing reference square wave pulse signals
corresponding to the electric characteristics of the reference electric
element, and digital 40     operation processing means (9) which counts the
frequency of the square-wave pulse signals output from the oscillation
means and calculates the ratio of the electric characteristics of the
humidity sensor to the characteristics of the reference electric element to
determine the humidity of the atmosphere on the basis of the counted value.
45 2. An electronic hygrometer as claimed in claim 1, characterised in that
said humidity sensor (3) is of the resistance variable type whose electric
resistance varies with changes in the humidity of the at- mosphere, said
electric element is a resistance, said passive element (5) is a capacity
element, and said time constant circuit is a CR time constant circuit. 50
3.  An electronic hygrometer as claimed in claim 2, characterised in that
said humidity sensor (3) of the resistance variable type is a ceramic
humidity sensing element made of zirconia (ZrO2) which contains at least
one selected from yttria [err], calcia (CaO), and magnesia (MgO) in the
form of a solid solution. 55  4. An electronic hygrometer as claimed in any
of claims 1 to 3, characterised in that said oscillation means has a signal
transmission line (23) of a predetermined length to connect the same to
said digital operation processing means, so that the humidity can be
detected in a space where it is desired to be measured remote from said
digital operation processing means. 12 



EP 0 259 012 B1 *C   L   M   S* embodiment, this electronic
therrnohygrometer has the square-wave pulse generator 1 of the electronic
thermohygrometer of FIG. 18 that is connected to the microcomputer 9 by a
cable 33. The circumstances in which the eleventh and twelfth embodiments
are contrived are the same as those for the third and fourth embodiments
and are not explained here. 5      In the ninth to twelwth embodiments of
the invention, the humidity sensor used an element of the so- called
electric resistance variable type-whose electric resistance varies with the
humidity change of the atmosphere. This is not a limitation to the
electronic thermohygrometer of the invention, however. For example, the
humidity sensor may, of course, use instead an element of the so-called
electrostatic capacity variable type whose electrostatic capacity varies
with the humidity change of the atmosphere. 10     According to this
invention, as described above, the frequency of square-wave pulse signals
output from the oscillation means is counted, and the humidity of the
atmosphere is determined on the basis of the count. The relatively
expensive a-d converter can be eliminated and the number of circuit
components decreased. Consequently, the whole circuit can be built up in a
single-chip LSI, and thus an electronic hygrometer is provided which
features reduced size, power consumption, and cost. Moreover, calculation
is 15 made to find the ratio of an oscillation frequency of square-wave
pulse signals output from the oscillation means when first switching means
only is closed to an oscillation frequency of square-wave pulse signals
from the oscillation means when the second switching means only is closed,
the ratio corresponding to the ratio of the electric resistance of the
humidity sensor to the resistance of the reference resistance element.
Calculation is also made to find the ratio of an oscillation frequency of
square-wave pulse signals output 20  from the oscillation means when the
third switching element only is closed to an oscillation frequency of
square-wave pulse signals output from the oscillation means when the second
switching means only is closed, the ratio corresponding to the ratio of the
electric resistance of the temperature sensor to the resistance of the
reference resistance element. The humidity or temperature of the atmosphere
is then determined on the basis of the calculated result. This makes it
possible to eliminate the relatively expensive 25  a-d converter and
decrease the number of circuit components. Therefore, the whole circuit can
be contained in a single-chip LSI, realizing an electronic thermohygrometer
small in size with reduced power consumption and manufacturing cost. Claims
30 1. An electronic hygrometer comprising oscillation means (1) which
includes a square-wave pulse signal generator (7), a humidity sensor (3)
connected to the square-wave pulse signal generator and which exhibits
characteristics variable with the humidity change of the atmosphere, and a
passive element (5) connected to the square-pulse signal generator and
which forms a time constant circuit with char- 35     acteristics of the
humidity sensor, said passive element being of a type different from the
humidity sensor, said oscillation means producing square-wave pulse signals
corresponding to changes in the characteristics of the humidity sensor, a
reference electric element (11) connectable with the signal generator in
place of the humidity sensor, said oscillation means producing reference
square wave pulse signals corresponding to the electric characteristics of
the reference electric element, and digital 40     operation processing
means (9) which counts the frequency of the square-wave pulse signals
output from the oscillation means and calculates the ratio of the electric
characteristics of the humidity sensor to the characteristics of the
reference electric element to determine the humidity of the atmosphere on
the basis of the counted value. 45  2. An electronic hygrometer as claimed
in claim 1, characterised in that said humidity sensor (3) is of the
resistance variable type whose electric resistance varies with changes in
the humidity of the at- mosphere, said electric element is a resistance,
said passive element (5) is a capacity element, and said time constant
circuit is a CR time constant circuit. 50  3. An electronic hygrometer as
claimed in claim 2, characterised in that said humidity sensor (3) of the
resistance variable type is a ceramic humidity sensing element made of
zirconia (ZrO2) which contains at least one selected from yttria [err],
calcia (CaO), and magnesia (MgO) in the form of a solid solution. 55  4. An
electronic hygrometer as claimed in any of claims 1 to 3, characterised in
that said oscillation means has a signal transmission line (23) of a
predetermined length to connect the same to said digital operation
processing means, so that the humidity can be detected in a space where it
is desired to be measured remote from said digital operation processing
means. 



12    EP 0 259 012 B1                 *  C  L   M  S  * 5. An electronic
hygrometer as claimed in claim 1, characterised in that said humidity
sensor is of the electrostatic capacity type (205) whose electrostatic
capacity changes with the humidity change of the atmosphere, said electric
element is a capacity element (211), said passive element is a resistance
element (203), and said time constant circuit is a CR time constant
circuit. 5 6. An electronic hygrometer as claimed in claim 1 or claim 5,
characterised in that said oscillation means has a signal transmission line
(223) of a predetermined length which connects the same to said digital
operation processing means (209), so that the humidity can be detected in a
space where measure- ment is desired to be taken remote from said digital
operation processing means. to 7. An electronic thermohygrometer comprising
oscillation means (1) which includes a square-wave pulse signal generator
(7), a humidity sensor (3) connected to the square-wave pulse signal
generator and which exhibits electric resistance variable with the humidity
change of the atmosphere, and a reference resistance element (11) connected
in parallel with the humidity sensor, a temperature sensor (13) 15
connected in parallel with the humidity sensor (3) and the reference
resistance element (11) and which exhibits electric resistance variable
with the temperature change of the atmosphere, first switching means SW10
which opens and closes the circuit of the humidity sensor, second switching
means SW20 which opens and closes the circuit of the reference resistance
element, third switching means SW30 which opens and closes the circuit of
the temperature sensor, and a capacity element (5) 20     connected to the
square-wave pulse signal generator and which forms a CR time constant
circuit with the electric resistance of the humidity sensor, with the
resistance of the reference resistance element, or with the electric
resistance of the temperature sensor, said oscillation means producing
square-wave pulse signals corresponding to changes in electric resistance
of the humidity sensor (3) when the first switching means (SW10) only is
closed, producing square-wave pulse signals corresponding to the 25
resistance of the reference resistance element (11) when the second
switching means (SW20) only is closed, and producing square-wave pulse
signals corresponding to changes in electric resistance of the temperature
sensor (13) when the third switching means (SW30) only Is closed; and
digital operation processing means (9) which calculates the ratio of the
oscillation frequency of square-wave pulse signals output from the
oscillation means when the first switching means only is closed to the 30
oscillation frequency of square-wave pulse signals from the oscillation
means when the second switching element only is closed, said ratio
corresponding to the ratio of the electric resistance of the humidity
sensor to the resistance of the reference resistance element, or which
calculates the ratio of the oscillation frequency of square-wave pulse
signals output from the oscillation means when the third switching means
only is closed to the oscillation frequency of square-wave pulse signals
from the 35     oscillation means when the second switching means only is
closed, said ratio corresponding to the ratio of the electric resistance of
the temperature sensor to the resistance of the reference resistance
element, and which determines the humidity or the temperature of the
atmosphere on the basis of the counted result. 40  8. An electronic
thermohygrometer as claimed in claim 7, characterised in that said humidity
sensor (3) is a ceramic humidity sensing element made of zirconia [err]
which contains at least one selected from yttria [err], calcia (CaO), and
magnesia (MgO) in the form of a solid solution. 9. An electronic
thermohygrometer as claimed in claim 7 or 8, characterised in that said
oscillation means 45     has a signal transmission line (33) of a
predetermined length which connects the same to said digital operation
processing means, so that the humidity is detected in a space where the
measurement is to be taken remote from said digital operation processing
means. PatentansprOche s0 1. Elektronischer Feuchtigkeitsmesser, bestehend
aus einer Oszillationseinrichtung (1), die einen
Rechteckwellen-lmpulssignalgenerator  (7) aufweist, einen
Feuchtigkeitssensor, der mit dem Rechteckwellen-lmpulssignalgenerator
verbunden ist und der mit der Feuchtigkeits~nderung der Atmo- sphare
veranderliche Kenndaten darbletet, und ein passives Element (5), das mit
dein Rechteckimpuls- 55     signalgenerator verbunden ist und eine
Zeitkonstantenschaltung mit Kenndaten des Feuchtigkeitssen- sors bildet,
wobel das passive Element von einem vom Feuchtigkeitssensor
unterschiedlichen Typ ist und die Oszillationseinrichtung
Rechteckwellenimpulssignale entsprechend VerAnderungen in den 



Kenndaten des Feuchtigkeitssensors produziert, und ein mit dem
Signalgenerator anstelle des Feuch- 13    EP
1 259 012 B1111111  111111  ll ll B!1l tigkeitssensors verbindbares
elektrisches Bezugselement (11), wobei die Oszillationseinrichtung
Rechteckwellen-Bezugsimpulssignale entsprechend den elektrischen Kenndaten
des elektrischen Be- zugselements produziert, und einer digitalen
Operationsverarbeitungseinrichtung (9), die die Frequenz der
Rechteckwellen-lmpulssignalabgabe von der Oszillationseinrichtung zdhlt und
das Verhaltnis der 5      elektrischen Kenndaten des Feuchtigkeitssensors
zu den Kenndaten des elektrischen Bezugselements berechnet, urn die
Feuchtigkeit der Atmosphare auf der Basis des Zghlwertes zu bestimmen. 2.
Elektronischer Feuchtigkeitsmesser nach Anspruch 1, dadurch gekennzeichnet,
daB der Feuchtigkeits- sensor (3) vom widerstandsveranderlichen Typ ist,
dessen elektrischer Widerstand sich mit Anderun- 70     gen in der
Feuchtigkeit der Atmosphare verandert, das elektrische Element ein
Widerstand, das passive Element (5) ein Kapazitatselement und die
Zeitkonstantenschaltung eine CR-Zeitkonstanten- schaltung ist. 3.
Elektronischer Feuchfigkeitsmesser nach Anspruch 2, dadurch gekennzeichnet,
daS der Feuchtigkeits- is     sensor (3) des widerstandsveranderlichen Typs
ein keramisches Feuchtigkeitssensorelement aus Zirko- niumoxid (ZrO2) ist,
das zumindest einen der aus Yttriumoxid (Y20s), Calciumoxid (CaO) und
Magnesi- umoxid (MgO) ausgewAhIten Stoffe in Form einer festen Lo-sung
entha lt. 4. Elektronischer Feuchtigkeitsmesser nach einem der Ansprlche 1
bis 3, dadurch gekennzeichnet, daB 20     die Oszillationseinrichtung eine
Signallbertragungsleitung (23) von elner vorbestimmten lAnge besitzt, urn
sie mit der digitalen Operationsverarbeltungseinrichtung zu verbinden, so
daB die Feuchtigkeit in elnem Raum ermittelt werden kann, wo sie fern von
der digitalen Operationsverarbeitungseinrichtung gemessen werden soil. 25
5. Elektronischer Feuchtigkeitsmesser nach Anspruch 1, dadurch
gekennzeichnet,. da der Feuchtigkeits- sensor vom elektrostatischen
Kapazitatstyp (205) ist, dessen elektrostatische Kapazitat sich mit der
Feuchtigkeitsanderung der Atmosphare andert, das elektrische Element ein
Kapazitatselement (211), das passive Element ein Widerstandselement (203)
und die Zeitkonstantenschaltung eine CR-Zeitkon- stantenschaltung ist. 30
6. Elektronischer Feuchtigkeitsmesser nach Anspruch 1 oder Anspruch 5,
dadurch gekennzeichnet, daR die OszAllationseinrichtung eine
Signal0bertragungsleitung (233) von einer vor-bestimmten LAnge be- sitzt,
die sie mit der digitalen Operationsverarbeitungseinrichtung (209)
verbindet, so daR die Feuchtig- keit In einem Raum ermittelt werden kann,
wo die Messung fern von der digitalen Operationsverarbei- 35
tungseinrichtung vorgenommen werden soil. 7. Elektronischer Temperatur- und
Feuchtigkeitsmesser, bestehend aus einer Oszillationseinrichtung (1), die
elnen Rechteckwellen-Impulssignalgenerator (7) aufweist, einen
Feuchtigkeitssensor (3), der mit dem Rechteckwellen-lmpulssignalgenerator
verbunden ist und der einen mit der Feuchtigkeitsanderung 40     der
Atmosph~re veranderlichen elektrischen Widerstand darbietet, ein mit dem
Feuchtigkeitssensor parallel geschaltetes Bezugswiderstandselement (11),
einen Temperatursensor (13), der parallel mit dem Feuchtigkeitssensor (3)
und dem Bezugswiderstandselement (11) geschaltet ist und der einen mit der
Temperaturanderung der Atmosphare veranderlichen elektrischen Widerstand
darbietet, eine erste Schalteinrichtung SWI0, die den Schaltkreis des
Feuchtigkeitssensors Mffnet und schliest, eine zweite 45
Schalteinrichtung SW20, die den Schaltkreis des Bezugswiderstandselements
6ffnet und schlielt, eine dritte Schalteinrichtung SW30, die den
Schaltkreis des Temperatursensors Mffnet und schlielt, und ein
Kapazitatselement (5), das mit dem Rechteckwellen-lmpulssignalgenerator
verbunden ist und eine CR- Zeitkonstantenschaltung mit dem elektrischen
Widerstand des Feuchtigkeitssensors, mit dem Wider- stand des
Bezugswiderstandselements oder mit dem elektrischen Wlderstand des
Temperatursensors so     bildet, wobel die Oszillationseinrichtung
Rechteckwellen-lmpulssignale entsprechend Anderungen im elektrischen
Widerstand des Feuchtigkeitssensors (3) produziert, wenn nur die erste
Schalteinrichtung (SW10) geschlossen let, Rechteckwellen-lmpulssignale
entsprechend dem Widerstand des Bezugswi- derstandselements (11)
produziert, wenn nur die zweite Schalteinrichtung (SW20) geschlossen ist,
und Rechteckwellen-lmpulssignale entsprechend Anderungen im elektrischen
Widerstand des Temperatur- 55     sensors (13) produziert, wenn nur die
dritte Schalteinrichtung (SW30) geschlossen ist, und einer digitalen
Operationsverarbeitungseinrichtung (9), die das Verhaltnis der
Schwingungsfrequenz der Rechteckwellen-lmpulssignalabgabe von der
Oszillationseinrichtung be! nur geschlossener erster Schalteinrichtung zu
der Schwingungsfrequenz von Rechteckwellen-lmpulssignalen von der Oszilla- 



14    C L  M s Uionseinrichtung bei nur geschlossenem zweiten Schaltelement
berechnet, wobei dieses Verhaltnis dem Verhaltnis des elektrischen
Widerstands des Feuchtigkeitssensors zum Widerstand des Bezugswider-
standselements entspricht, oder die das Verhaltnis der Schwingungsfrequenz
der Rechteckwellen- lmpulssignalabgabe von der Oszillationseinrichtung bei
nur geschlossener dritter Schalteinrichtung zur 5      Schwingungsfrequenz
von Rechteckwellon-lmpulssignalen von der Oszillationseinrichtung bei nur
ge- schlossener zweiter Schalteinrichtung berechnet, wobei dieses
Verhaltnis dem Verhaltnis des elektri- schen Widerstands des
Temperatursensors zum Widerstand des Bezugswiderstandselements ent-
spricht, und die die Feuchtigkeit oder die Temperatur der Atmosphare auf
der Basis des ZahIergebnis- ses bestimmt. t0 8. Elektronischer Temperatur-
und Feuchtigkeitsmesser nach Anspruch 7, dadurch gekennzeichnet, daB der
Feuchtigkeitsmesser (3) ein keramisches Feuchtigkeitssensorelement aus
Zirkoniumoxid (ZrO2) ist, das zumindest elnen der aus Yttriumoxid (Y203),
Calciumoxid (CaO) und Magnesiumoxid (MgO) ausgewAhIten Stoffe In Form einer
festen Losung enthalt. 76 9. Elektronischer Temperatur- und
Feuchtigkeitsmesser nach Anspruch 7 odor 8, dadurch gekennzeichnet, daB die
Oszillationseinrichtung eine Signalibertragungsleitung (33) von einer
vorbestimmen LAnge besitzt, die sie mit der digitalen
Operationsverarbeitungseinrichtung verbindet, so daB die Feuchtigkeit in
einem Raum ormittelt wird, wo die Messung fern von der digitalen
Operationsverarbeltungseinrich- 20     tung vorgenommen werden soil.
Revendlcatlons 1. Hygrometre electronique comprenant un moyen oscillant (1)
qui comporte un gen6rateur (7) de signaux 25     impulsionnels
rectangulaires (7), un capteur d'humidit6 (3) connecte au g6nerateur de
signaux impul- sionnels rectangulaires et qui presente une caracteristique
variable en fonction d'un changement de l'humidite de l'atmosphbre, et un
el6ment passif (5) connecte au generateur de signaux impulsionnels
rectangulaires et qui forme un circuit A constants de temps avec la
caract6ristique du capteur d'humidite, cot 6l6ment passif 6tant d'un type
diff6rent du capteur d'humidit6, le moyen oscillant 30     produisant des
signaux impulsionnels rectangulaires correspondant & des variations de la
caract6risti- que du capteur d'humidit6, un 6l6ment 6lectrique de ref6rence
(11) pouvant etre connecte au generateur de signaux & la place du captour
d'humidit6, le moyen oscillant produisant des signaux impulsionnels
rectangulaires de r6f~rence correspondant a la caracteristique electrique
de P'6l6ment 6lectrique de r6f6rence, et un moyen (9) de traitement a
fonctionnement numdrique loquel compte la 35     fr6quence des signaux
impulsionnels rectangulaires 6mis & partir du moyen oscillant et calcule le
rapport entre la caracteristique electrique du capteur d'humidit6 et la
caracteristique de l'6l6ment electrique de r6ference, afin de determiner
l'humidite de l'atmosphere sur la base de la valeur comptee. 40  2.
Hygrometre dlectronique suivant la revendication 1 caracterisd en ce que le
capteur d'humidite (3) est du type & resistance variable dont la valeur de
la resistance electrique varie en fonction de change- ments de l'humidite
de I'atmosphbre, I'element electrique est une resistance, I'Mment passif
(5) est un 6l6ment capacitif et le circuit a constante de temps est un
circuit & constante de temps CR. 45  &  Hygrombtre electronique suivant la
revendication 2 caract~ris6 en ce quo le capteur d'humidit6 (3) du type &
resistance variable est un element on ceramique detectant l'humidite
realise en oxyde de zirconium (ZrO2) contenant au moins un corps parmi
l'oxyde d'yttrium (Y203), Ia chaux (CaO) et la magn6sie ((MgO) sous la
forme d'une solution solide. 50  4. Hygrombtre electronique suivant lune
quelconque des revendications 1 A 3 caracterise en ce quo le moyen
oscillant comporte une ligne de transmission de signaux (23) d'une longueur
pred~terminde afin de connecter ce moyen au moyen de traitement a
fonctionnement num6rique si bien quo l'humidite pout etre ddtectde dans un
espace, oO l'on desire qu'elle soit mesuree, qui est 6loign6 des moyens de
traitement & fonctionnement num6rique. 55 5. Hygrombtre electronique
suivant la revendication 1 caract6rise en ce quo le capteur d'humidit6 est
du type & capacite electrostatique (205) dont la capacit6 6lectrostatique
change avec une variation de I'humidit6 de l'atmosphere, I'4lement
electrique est un 6l6ment capacitif (211), I'6l6ment passif est un  



C   L        S* el6ment resistant electriquement (203) et le circuit a
constante de temps est un circuit a constant de temps CR. 6. Hygrombtre
electronique suivant l'une quelconque des revendications 1 ou 5 caracterise
en ce que le 5      moyen oscillant comporte une ligne de transmission de
signaux (223) d'une longueur pr6determinde afin de connecter ce moyen au
moyen de traitement a fonctionnement num6rique (209) si bien que l'humidite
peut 8tre detectee dans un espace, ou I'on desire qu'elle soit mesur6e, qui
est 6loigne des moyens de traitement a fonctionnement numerique. 10 7.
Thermohygrombtre electronique comprenant un moyen oscillant (1) qui
comporte un generateur de signaux impulsionnels rectangulaires (7), un
capteur d'humidite (3) connect4 au gdnerateur de signaux impulsionnels
rectangulaires et qui pr6sente une resistance electrique variable en
fonction du change- ment de l'humidite de l'atmosphbre, et un element de
reference resistant electriquement (11) connecte en parallble avec le
capteur d'humidite, un capteur de temperature (13) connecte en parallble
avec le 15     capteur d'humidite (3) et I'element de r6ference resistant
(11) et qui presente une r6sistance electrique variable en fonction d'un
changement de la temperature de I'atmosphbre, un premier moyen interrup-
teur (SWI0) qui ouvre et ferme le circuit du capteur d'humidite, un second
moyen interrupteur (SW20) qui ouvre et ferme le circuit de I'e6lment de
reference resistant, un troisibme moyen interrupteur (SW30) qui ouvre et
ferme le circuit du capteur de temperature, et un 6I6ment capacitif (5)
connecte au 20     gen6rateur de signaux impulsionnels rectangulaires et
qui forme un circuit a constante de temps CIR avec la resistance electrique
du capteur d'humidite, avec la resistance de I'element de reference
resistant ou avec la resistance electrique du capteur de temperature, le
moyen oscillant produisant des signaux impulsionnels rectangulaires
correspondant a des variations de la resistance electrique du capteur
d'humidite (3), lorsque le premier moyen interrupteur (SW1O) est seul
ferme, produisant des 25     signaux impulsionnels rectangulaires
correspondant a la rdsistance de l'el6ment de reference resistant (11)
lorsque le deuxibme moyen interrupteur (SW20) est seul ferme, et produisant
des signaux impulsionnels rectangulaires correspondant a des variations de
la resistance electrique du capteur de temperature (13) lorsque le
troisibme moyen d'interrupteur (SW30) est seul ferme, et un moyen de
traitement A fonctionnement numerique (9) qui calcule le rapport entre la
frequence d'oscillation des 30     signaux impulsionnels rectangulaires
emis & partir du moyen oscillant lorsque le premier moyen interrupteur est
seul ferme, et la frequence d'oscillation des signaux impulsionnels
rectangulaires provenant du moyen oscillant lorsque le deuxibme element
interrupteur est seul ferme, ce rapport correspondant au rapport entre la
resistance electrique du capteur d'humidite et la r~sistance de l'element
de reference resistant, ou bien qui calcule le rapport entre la fr6quence
d'oscillation des 35     signaux impulsionnels rectangulaires emis a partir
du moyen oscillant lorsque le troisibme moyen interrupteur est seul ferme,
et la frequence d'oscillation des signaux impulsionnels rectangulaires
provenant du moyen oscillant lorsque le deuxibme moyen est seul ferm6, ce
rapport correspondant au rapport entre la resistance electrique du capteur
de temperature et la resistance de I'element de reference resistant, et qui
determine I'humidit6 ou la temperature de l'atmosphbre sur la base du 40
resultat calcul6. 8. Thermohygrombte electronique suivant la revendication
7 caracterise en ce que le capteur d'humidite (3) est un element en
oramique detectant I'humidite rdalis6 en oxyde de zirconium (ZrO2)
contenant au moins un corps parmi I'oxyde d'yttrium (Y203), Ia chaux (CaO)
et la magnesie ((Mgo) sous la forme 45     d'une solution solide. 9.
Thermohygrombtre dlectronique suivant l'une quelconque des revendications 7
ou 8 caracteris4 en ce que le moyen oscillant comporte une ligne de
transmission de signaux (33) d'une longueur predetermi- nee afin de
connecter ce moyen au moyen de traitement a fonctionnement num6rique si
bien que 50     I'humidite peut 8tre detectde dans un espace, ob I'on
desire qu'elle soit mesuree, qui est eloigne des moyens de traitement &
fonctionnement numerique. 55 16    


