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Abstract: The electrical properties of polyclystalline soft fenites, namely Cu-Zn system are considerably 
changed by doping controlled amounts of Lithium and Calcium salts. The room temperature resistivity is 
fo~uid to exceed 1000 M a  cm at 45% relative humidity. Variation of resistivity with percentage relative 
humidity is found to he linear in the range above 60% RH and is of the type P = PO - MRH. M being a 
slope of the curve which is humidity sensitivity. In the range 45 to 60% RH, log p Vs % R E  exhibits linear 
relation and is governed by the nature P = Poekrh. K being humidity sensitivity. The statistical tools are 
employed for the analysis of the curves and all the parameters are tested giving best results. The response 
time in the disc form, for both negative and positive step is of the order of 6 to 7 seconds for 5% change 
while it is of the order of 7 to 8 minutes for -ve step and one minute for +ve step for 45% to 85% change in 
RH. The material does not exhibit any aging effect. In the entire range of humidity, the pellets do not 
become watery. Basically, femtes are temperature sensitive and therefore, humidity and temperature 
sensing both can be done in a single device, because there is no any effect of humidity on the magnetic 
properties of these materials. 

Introduction : 
Conventional humidity sensors are slow, less sensitive and therefore, less reliable and suffer from large 
hysteresis effects. Use of femtes as temperature sensors is well known. Kyoshiro Seki et. al. (1) have 
reported use of TSFs as humidity sensors. Humidity dependent properties of ferrites are shown to be 
enhanced by doping controlled percentages of alkali ions (2). One more advantage of using ferrites is that, 
they can be porous and porosity is the basic need of a hun~idity sensor. In the present co~mnunication, 
humidity dependent properties of Zn 0.8 Cuo.2 Fe2O4 doped with 0.01 % of CaC12 and LiCl are 
reported. 

Experimental : 
Each composition of the system Zn, Cu Fe2O4 with X = 0.2, 0.4, 0.6 and 0.8 is doped with 0.01% 
LiCl and CaC12. Samples in the form of pellets of 1 cm diameter and about 0.2 cm thickness were 
prepared by standard ceramic technique. Resistances of samples at various % Relative humidities are 
measured by using digital insulation meter at a constant dc voltage of 250 Volts. Time response of the 
sample is observed for a step change of + 5% and +40% RH. 

Results and Discussion : 
The dc resistivities of Zn 0.8 Cu 0.2 Fez04 doped with CaC12 and LiCl are found to decrease with 
increase in %Relative humidity as shown in fig. The graph clearly shows that decrease in resistivity with 
increase in % RH is very large from 45% to 60% RH. In this range, the graph of Ln(p) Vs % RH is a 
straight line having negative slope, which indicates that in this range, resistivity drops exponentially with 
increase in % RH. The relationship between R and %RH is governed by equation 

P = PO e -KRH 
Here K, the slope of Ln(p) Vs YoRH curve is regarded as humidity sensitivity. In higher humidity iange 
i.e. above 60% RH, variation of resistivity with YoRH is found to be linear and is given by equation 

P=PO-MRH 
The slope of straight line i.e. 'M' is regarded as humidity sensitivity in this range. 
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For the statistical analysis, lines of regression are fitted for values of Lri P and % RH in the range 
of 45% to 60% RH and for the values of p and %RH above 60% RH. For both the regression lines, the 
correlation coefficient is greater than 0.99; indicating excellent correlation. The value of 't' parameters 
are 68.28 and 22.16 for the san~ples doped with CaC12 and LiCl respectively, indicating a co16dence level 
greater than 99.9% which also corresponds to perfect fitting of regression lines to the observed data and 
the values of rho estimated from these lines are in excellent agreement with actual values. 

b CaCI2 
a LiCl 

Relative Humidity 

Response time for a step change of 5% RH is about 5 to 6 seconds for both positive and negative 
steps, indicating a fast responce and low liysterisis lag. However, for a positive step change from 45% to 
85% RH, the response time is about 1 minute and for the same negative step it is 6 to 7 minutes, which is 
still better as compared to many available alternative sensors in market. It is further observed that the 
samples do not become watery even after a long tinie exposure to humidities as lug11 as 85% and show 
exactly similar results even after one year, indicating no aging effect. 

Conduction Mechanism in Humid Conditions : 
Hygroscopic dopants like CaC12, LiCl try to maintain a constant humidity level in their viscinity 

provided by that they are in a saturated solution in presence of excess of their solids. At lower humidities, 
if %RH in their viscinity is increased, large amount of water is absorbed and hence drop in resistivity is 
larger. However, at higher humidities, concentration of dopants becomes relatively sn~aller and solution 
no longer remains saturated, and hence, less quantity of water is absorbed, which causes small change in 
resistivity with % RH. At lower humidities, the conduction may be due to phonon induced tunneling as 
suggeted by Starts H. et.a1.(3) and at higher humidities, it may be due to Protonic conduction and capillary 
condensation of water into microporous as suggested by Robert A Marra (4). Conduction in humid 
condition is also attributed to semiconductor mechanism in which electronic conductivity and carrier 
concentration changes with amount of Chemisorbed water (4). In the present system, more number of 
charge carrriers are introduced due to dissociation of CaC12 or LiCl into constituent alkali and CI- ions 
due to their reaction with absorbed water. 
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