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RELATIVE HUMIDITY SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is related broadly to devices 

for sensing relative humidity and, in particular, to a 
specially treated, metal oxide, resistance type moisture 
sensitive element and method of fabrication. 

2. Description of the Prior Art ' 

In the prior art it has been recognized that the electri 
cal resistance of certain metal oxides varies with 
changes in the relative humidity of the environment to 
which theoxide composition is exposed. The term “rel 
ative humidity" as commonly de?ned and used herein 
refers to the ratio of the quantity of water vapor actu 
ally present in the air to that amount which would satu 
rate the air at the same temperature. It has also been 
recognized that relative humidity sensors could be fab 
ricated utilizing the principle of changing electrical re 
sistance'with changing relative humidity inherent in 
these metal oxide materials. Of these, the most success 
ful relative humidity sensors have been fabricated uti 
lizing a metal oxide selected from the group including 
the oxides of the metals found in Group VIII, Period 4 
of the Periodic" Table. 
One such device is illustrated and described in US. 

‘Pat. No. 3,715,702‘issued to M. E. Nicholas, a co 
inventor in the present application, which is assigned to 
the same assignee as the present application. That in 
vention is also directed to a resistance-type relative hu 
midity sensor which utilizes a metal oxide coating over 
lapping metal electrode system spaced on an inert di 
electric blank. That humidity sensor also uses a metal 
oxide selected from the group including oxides of the 
metals found in Group VIII, Period 4 of the Periodic 
Table and an amount of humectant material impreg 
nated in the pores of the metal oxide film. 
By that invention, the metal oxide layer is normally 

applied with an organic dispersent binder in an aqueous 
slurry. The blank is then fired to a temperature suffi 
cient only to pyrolyze and remove the binder material. 
The sensor'then relies on the natural attraction of the 
metal oxide particles for each other and for the elec 
trode material to maintain the porous structure and re 
tain the coating on the blank. 
While the relative humidity sensing elements pro 

duced in accordance with the above-cited Nicholas pa 
tent have been successful, there has been a need to fur 

' ther stabilize the‘porous metal oxide matrix and im 
' prove both the cohesion between the molecules com 
prising the metal oxide coating and adhesion between 
the metal oxide coating and the electrode system. This 
has been needed to stabilize the longterm calibration of 
the sensor, i.e., the relation between the electrical resis 
tance exhibited by the sensor and the relative humidity 
of the atmosphere to which it is exposed. Also, im 

' proved adhesion and cohesion, of course, improves the 
physical stability of the sensor by eliminating ?aking or 
chipping of the oxide coating. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided 
a relative humidity sensing element which overcomes 
the problems associated with prior art sensors. The sen 
sor of the invention has a sintered metal oxide coating 
with which it exhibits improved calibration stability 
(electrical resistance versus relative humidity) along 
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2 
with improved physical stability by achieving an im 
proved cohesion between the molecules of the metal 
oxide involved and improved adhesion between the 
molecules of the metal oxide and the electrode system 
of the sensor. In the preferred embodiment, a base 
member formed of a dielectric, substantially inert ma 
terial such as quartz, for example, is supplied with a 
suitable electrode system such as one of sputtered plati 
num. The conductance path between the electrode sys~ 
tem is provided by a sintered, highly porous metal 
oxide coating containing a reversably hygroscopic ma 
terial. The metal oxide coating is normally applied as 
a powder and sintered in place (after being subjected 
to a slight amount of pressure to achieve some compac 
tion) by heating to a temperature which is sufficient to 
achieve a true sintered matrix but one which is highly 
porous in nature. The sintering step has been found to 
achieve a superior metal oxide to metal oxide bond and 
a superior metal oxide to electrode bond which sub 
stantially stabilizes both electrical resistance and physi 
cal properties in the sensor. The coated blank is then 
impregnated with a reversibly hygroscopic humectant 
material such as polyethylene glycol,‘ for example. 
The humidity sensors of the present invention have 

been found to be completely reversible and essentially 
full range. The improved stability of the sensors of the 
present invention is especially notable in their ability to 
exhibit-virtually no calibration drift due to hysteresis or 
changes in physical stability especially in the higher 
(about 50 percent) relative humidity ranges. These im 
provements are accomplished without loss of any desir 
able properties exhibited by prior sensors such as, for 
example, a variance in magnitude of resistance versus 
relative humidity which is well within the range of ordi 
nary measuring equipment, ability to be made ex 
tremely small in size and to be compatible with solid 
state or other circuitry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: I 

FIG. 1 is a block ?ow diagram illustrating the pre 
ferred method for fabricating the sensor of the present 
inventiomand 
FIG. 2 is an enlarged plan view of the sensor of the 

invention with parts cut away showing the under layers 
of the sensor structure. ' 

DESCRIPTION OF THE PREFERRED 

' EMBODIMENT 

FIG. 1 illustrates summarily a step-wise process for 
producing the sensor illustrated in FIG. 2 and both of 
the figures will be discussed together. The basic, stable 
substrate upon which the active components of the 
sensing element are applied is provided in the form of 
an inert dielectric blank member 10. The inert dielec 
tric ‘blank member may be made of any suitable mate 
rial which provides a physically rugged substrate, is not 

I affected‘ by the presence of water vapor, does not 

60 chemically react with any of the materials coming in 
contact therewith (i.e., the material forming the elec 
trode thereon, the material forming the sensitive resis 

- tor or the humectant material) and one which allows 
good adhesion between the electrodes and the sub 
strate and between the resistor material and the sub 
strate. Pure quartz and pure alumina are examples of 
two materials which have been used successfully as 
blank members for thesensors of the present invention. 
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The blank member I0 may be any size which is con? 
venient for the required application of the sensor. In 
fact, one of the advantages of this type of sensor is that 
it can be made extremely small and successful sensors 
have been made having an overall size as small as ap 
proximately 0.45 inches long by 0.2 inches wide by 
0.02 inches thick. A pair of electrodes 11 are applied 
to the blank member 10 to provide the conducting 

{mechanism between which the resistance- of the humid 
fity-dependent metal oxide coating is measured. The 
material forming the electrodes 11 may be any noble 
metal conveniently used for such purposes. The one 
limiting factor in regard to the selection of the elec 
trode material 11 is the temperature used in the sinter 
ing step, discussed below. Thus, the melting point of 
the metal selected for the electrode system must be 
above the temperature used to sinter the metal oxide 
coating. Palladium, platinum and rhodium are exam 
ples of material which can be successfully used for sin 
tering temperatures up to 1,200°C. 
The application 12 of the electrodes may be accom 

plished using any suitable conventional method. The 
preferred technique, however, appears to be R. F. sput 
tering in which the desired‘ electrode configuration is 
determined, the blank member masked exposing the 
desired con?guration and the electrode material sput 
tered on the blank. As an illustration, the conditions 
and parameters for one such sputtering process are 
listed below: 

Sputtering Atmosphere Pressure I0 microns of Argon 
Power Input 300 watts 
Deposition Time 900 seconds 
Target Distance 2 inches 
Final Film Thickness (approx.) 5000 angstroms 

pure quartz Blank Member 

‘The above R. F. sputtering operation was carried out 
in an R. F. sputtering system, series 2200, Model 2305 
from Vacuum Industries of Somerville, Mass. The R. F. 
sputtering technique appears to impart excellent adhe 
sion between the electrode material and the blank ma 
terial. 
While no particular electrode configuration is re 

quired for this sensor of the present invention, an inter 
digital electrode system, which resembles intermeshed 
fingers or comb teeth, is preferred because it greatly 
increases the length of the opposing surfaces of the 
electrodes. ‘ 

As discussed above and in the above-mentioned cited 
reference, certain metal oxides are hygroscopic in na 
ture and exhibit an electrical resistance which changes 
in value with changes in the relative humidity of the en 
vironment to which it is exposed. Those of the elements 
found in Group VIII, Period 4 of the Periodic Table of 
the Elements exhibit stable chemical properties and a 
degree of humidity-related resistance which can be uti 
lized to produce a stable relative humidity sensor. Out 
of this group the preferred oxides for use in relative hu 
midity sensing elements include those of iron, nickel 
and cobalt. Thus, successful sensors have been made 
utilizing nickel oxide (M203) nickelous oxide (NiO) 
and iron oxide (Fe2O3). The preferred embodiment of 
the present invention utilizes the iron oxide (Fe2O3) as 
the humidity-sensing medium. 

In the preferred embodiment, finely divided (nor 
mally 1 micron or less in diameter) reagent grade iron 
oxide (FezO3) powder is applied at 13. The preferred 
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4 
method for carrying out this step is to simply apply a 
layer of the powder approximately 50 microns thick as 
by sprinkling on the electroded blank. A less preferred 
but also workable method is to mix the iron oxide pow 
der with a dispersant binder such as polyvinyl alcohol 
and apply an aqueous solution of this mixture as by 
spraying to produce a uniform coating overlapping the 
electrodes. 
An important aspect of the present invention is the 

method of forming or treating the metal oxide 
humiditydependent resistance coating which imparts 
the superior qualities to its performance. This is accom 
plished in the combination compacting (step 13) and 
heating and holding step 14 which is carried on without 
‘applying pressure to the coating on the sensor blank. 
Normally, the electroded sensor blank coated with the 
iron oxide powder is placed in a die and mechanically 
subjected to low pressure compression in the range of 
from 10 to 150 psi. The pressure is then released and 
the coated blank is removed from the die with the iron 
oxide layer somewhat compacted thereon. The coated 
blank is then heated to a temperature sufficient to 
cause sintering within a reasonable time. Extensive 
testing has indicated that the minimum temperature to 
achieve true sintering within a reasonable time (4 hours 
or less) is approximately 800°C. As the sintering tem 
perature is raised, the time required to achieve the de 
sired sintered matrix in the iron oxide film is considera 
bly reduced. Thus, successfully sintered iron oxide 
films have been achieved by heating the coated blanks 
to ll80°C and holding for 15 minutes in an air-tube 
furnace or by heating to ll25°C and holding for 30 
minutes in the same type furnace. Tests carried on at 
approximately 900°C indicate that at that temperature 
90 minutes to 2 hours is required to achieve a sintered 
state. . I 

It is known that a sintered matrix may be achieved at 
slightly lower temperatures by increasing the mechani 
cal compression applied to the sample in the compact- ‘ 
ing step. While this allows the material to be success'-. 
fully sintered, higher pressures tend to reduce the po 
rosity of the sintered iron oxide matrix and, in order to 
produce a successful sensor, sintered iron oxide matrix 
i‘pust be highly porous in nature. Even at the conditions 
used, some reduction in porosity or average surface 
area of the iron oxide is noticed; however, tests indicate 
that the sintered iron oxide has the same sorption prop 
erties after sintering as it had prior to sintering and that 
only a change in surface area has occurred. Thus, the 
important inner porosity which is required to retain the 
humectant material which, along with the absorption 
and desorption of water vapor from the atmosphere, 
control the conduction between the electrodes, is pre 
served with a low pressure compacting step. 

Following the heating and holding step 14, the blank 
now containing a sintered iron oxide coating 15 (FIG. 
2) overlapping the electrodes is now cooled in step 16 
to room temperature. Subsequent to the cooling of the 
sensor the humectant material which may be defined 
generally as a chemical moistener that will, because of 
its chemical structure, attract large quantities of water 
vapor, is impregnated into the sensor coating, normally 
by dipping the coated blank into a solution containing 
the humectant material. Spraying or other conven 
tional methods may also be used. As mentioned in the 
above-cited patent a choice of the humectant material 
is important. The humectant material also must be one 
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which is not readily lost to the atmosphere through 
evaporation, one having water vapor absorption prop 
erties which are highly reversible, i.e., having the ability 
.to readily attract water vapor molecules in a condition 
of rising humidity and conversely to lose attracted 
water vapor molecules in a condition ofdecreasing hu 
midity and one which reaches equilibrium quickly. One 
compound which has been found to combine the above 
properties well is polyethylene glycol and this com 
pound in the form of Gafanol E-2l00 manufactured by 
General Aniline and Film Corporation, New York, 
NY. has been used successfully both in prior sensors 
and in sensors of the present invention. 
As with previous sensors of the same type, the ?nal 

step in preparing the sensor for its use as a humidity re 
sponsive element is the curing step 18. Curing stabilizes 
the resistance versus relative humidity characteristics 
of the sensor and is achieved by exposing the sensor to 
several repeated cycles in which the relative humidity 
of the environmental atmosphere is raised from ap 
proximately 10 percent to 90 percent and lowered 
again. This step is normally carried out in a closed 
chamber having an atmosphere in which the relative 
humidity can be controlled and cycled over a time per 
iod, however, any conventional method in which 
known amounts of dry and saturated air may be com 
bined to produce a desired relative humidity which can 
be varied can be used. 

After the curing step 18 is completed, electrical leads 
19 are attached to the electrodes as at 20 in step 21. 
The leads can be any conventional, compatable electri 
cal leads and the method of attachment may also be in 
any well known manner depending on the electrode 
material. The sensor is then calibrated by again expos 
ing it to known relative humidity conditions and noting 
the resistance of the element over a substantially full 
range of relative humidity values. Calibration may be 
accomplished utilizing a conventional A.C. impedance 
bridge and a readout meter or recording device to re 
cord resistance values for various values of relative hu 
midity to which the sensor is exposed. Because the re 
sistance value obtained at a given relative humidity 
value is dependent upon the frequency of the A.C. 
power used in the calibration, it should be the same as 
that which will exist in the circuit of ultimate use for the 
sensor. 

Sensors made in accordance with the present inven 
tion utilizing the high temperature sintering step have 
been found to possess an iron oxide matrix which shows 
greatly improved physical adhesion to the electrodes 
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6 
and molecular cohesion between the particles of the 
iron oxide. Improved retention of the humectant mate 
rial within the porous iron oxide matrix has also been 
observed. This latter property, it is theorized, results 
from greater intermolecular attraction between the 
polyethylene glycol molecules. It has also been discov 
ered that the greatest amount of conduction between 
the electrodes occurs at a level quite close to the elec 
trodes, i.e., deep within the porous structure of the iron 
oxide matrix and, therefore, the upper layers of this po 
rous matrix appear to act as a filter and reservoir to 

keep airborne impurities from reaching the lower levels 
and affecting that conductance. As with other sensors 
of the same type, however, a moisture-permeable mem 
brane may be applied over the finished sensor to both 
aid in retaining humectant and preventing any impuri 
ties from reaching the conductive area and affecting 
the calibration of the sensor. 
The embodiments of the invention in which an exclu 

sive property or right is claimed are de?ned as follows: 
1. A moisture sensitive element comprising spaced 

metal electrodes, a sintered electrically insulating 
metal oxide coating overlapping said electrodes, said 
oxide having a characteristic humidity-dependent elec 
trical resistance, and wherein said sintered metal oxide 
structure is of a porous nature, the pores thereof being 
impregnated with a reversibly hygroscopic humectant 
material, and electrical leads attached to said elec 
trodes. 

2. The moisture sensitive element of claim 1 includ 
ing a substantially inert dielectric blank space member 
upon which said metal electrodes are applied. 

3. The moisture sensitive element of claim 2, wherein 
said metal oxide is one selected from a group consisting 
of the oxides of Group VIII, Period 4 of the Periodic 
Table of the Elements. 

4. The moisture sensitive element of claim 3 wherein 
said metal oxide is Fe2O3. 

5. The moisture sensor of claim 1 wherein said hu 
mectant material is a stable hygroscopic polymer. 

6. The moisture sensor of claim 5 wherein said hu 
mectant is polyethylene glycol. 

7. The moisture sensitive element of claim 6 includ 
ing a moisture-permeable membrane superimposed 
over said coating. 

8. The moisture sensitive element of claim 7 wherein 
said moisture-permeable membrane is polyvinyl alco 
hol sheet. 

* * * * * 


