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We  report  moisture  sensitive  properties  of  ferroelectric  niobium-rich  potassium  tantalate
K [(Ta0.2 Nb0.8)0.99Mn0.01] O3 (KTN)  which  shows  giant  humidity  response  with  excellent  reproducibility
and  repeatability  of  data  as  a function  of exposure  time  and  humidity  contents.  Many  fold  change  in
resistance  was  observed  with  change  in  the  relative  humidity  (Rh)  from  15%  to  95%  which  provides
maximum  sensitivity  (4̃600)  at 298  K  in  the  presence  of  Rh 95%.  It also  shows  polarity  dependent  change
in  resistance  with  nearly  310 to 513  mV  in-built  potential  depending  on the  device  configuration.  The
umidity sensor
elative humidity
erroelectrics
esistance

polar  KTN  humidity  sensor  shows  a decrease  in  resistance  with  an  increase  in  Rh%  which  favors  the
Grotthuss  mechanism  responsible  for  humidity  effects.  To  improve  the  sensitivity,  a particular  device
configuration  has  implemented  for the  homogeneous  interaction  of the  water  vapor  molecule  with  a
maximum  active  sensor-surface  area.  The  electronics  with  the  digital  display  unit  was  designed  and
developed  to represent  the  relative  humidity  in the  form  of digital  display.

© 2019  Elsevier  B.V.  All  rights  reserved.
. Introduction

The environmental conditions are the key for production and
aintenance of industrial goods and quality of state of the

rt research and development at various academic institutions
nd research laboratory. Among various parameters, the relative
umidity is one of the key parameters which maintain the qual-

ty of living and non-living things. The monitoring of humidity
ontrol plays a critical role in industrial, agricultural, food safety,
edical and human day to day works [1–3]. As of today’s grow-

ng need, many National Metrology Institute (NMI) had developed
 primary and secondary standard for the humidity monitoring
nd device calibration set up [4,5]. The researchers are working
n the various nanomaterials, semiconductor thin films [6], ceram-
cs [7–9], carbon-based materials [10,11], polymers [12] and their
omposites, etc. for the development of the humidity sensor. The

erformance of these sensors is quite good, but they involved the
xpansive production cost, complicated and uncontrolled synthesis
rocesses and utterly dependent on the sophisticated equipment.

∗ Corresponding author at: CSIR-National Physical Laboratory, Dr. K. S. Krishnan
arg, New Delhi 110012, India.

E-mail address: ashok553@nplindia.org (A. Kumar).

ttps://doi.org/10.1016/j.sna.2019.05.023
924-4247/© 2019 Elsevier B.V. All rights reserved.
Many potential ceramic materials have been studied as a sensor
and transducer and also for the detection of the humidity; how-
ever, they show limitation as real device applications. The main
properties of a humidity sensor are high sensitivity, broad detec-
tion range, long term repeatability, low noise, fast recovery time,
long lifetime and low cost. The mechanism and microelectronics of
the sensors work on the two  properties, i.e. (i) the change in the
capacitance as a function of relative humidity (Rh), (ii) change in
the resistance as a function of Rh.

Over the past few decades, efforts have done by scientific com-
munities to develop and improve the sensing ability of the humidity
sensor [3]. The SnO2 is a semiconducting material which widely
used for humidity detection [13,14]. Qin Kuang et al. have synthe-
sized the SnO2 nanowire and nanobelt using the vapor-liquid-solid
technique, which has a large number of the oxygen vacancy on its
surface and shows the sensitivity to 35 [15]. Hwai-En Lin et al. syn-
thesized the transparent and crystalline SnO2 film on non-seeded
glass and PET substrate. They show the ratio of humidity sensing
response and recovery time was  51/38 seconds for glass and 69/47
seconds for PET substrate [14]. Nowadays carbon-based nanomate-

rials and composites are also playing a crucial role in the fabrication
of humidity sensor and actuator [16–18]. Currently, graphene oxide
also attracted significant attention as an excellent nanomaterial for

https://doi.org/10.1016/j.sna.2019.05.023
http://www.sciencedirect.com/science/journal/09244247
http://www.elsevier.com/locate/sna
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sna.2019.05.023&domain=pdf
mailto:ashok553@nplindia.org
https://doi.org/10.1016/j.sna.2019.05.023
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Fig. 1. (a) The pictorial representation of the adsorption of water molecules to the
sensor interface and its effect on the current when the sensor is kept under dry (left
34 Ravikant et al. / Sensors and

he full range humidity, which is mainly due to its large surface
rea and high chemical stability. Dongzhi Zhang et al. describe the
anocomposite film of the tin oxide and reduced graphene oxide.
hey claimed that the sensor works in the wide range of the humid-
ty from 11% to 95% and shows the sensitivity around 1570.

We report the fabrication and functional properties of novel
erroelectric ceramic KTN as a humidity sensor. The physical and
hemical properties of the humidity sensor were verified with
he various microstructural and electrical characterizations. The
umidity response of the sensor was tested at the five different rel-
tive humidity concentrations between 15% to 95%. The sensor was
urther optimized for the repeatability, reproducibility, hysteresis,
nd stability under continuous variation of the humidity. The expla-
ation of the humidity mechanism, detail description of the results,
nd verification of the structural and elemental compositions are
escribed in the manuscript.

. Materials and methods

The polycrystalline ceramic powder of
[(Ta0.2 Nb0.8)0.99Mn0.01] O3 (KTN) was synthesized by the

onventional solid-state reaction route. The stoichiometric ratio
f potassium carbonate (K2Co3, 99%), niobium pentoxide (Nb2O5,
9.5%), tantalum pentoxide (Ta2O5, 99%), and manganese dioxide
MnO2, 99.99%) (Alpha Assar) were mixed in a mortar-pestle in
et medium (isopropyl alcohol) for high homogeneity. An extra

0% potassium carbonate was added to the total ingredients
o compensate for the potassium loss during high-temperature
alcination and sintering processes. The mixture of ingredients
as mechanically grinded in the isopropyl alcohol medium for

 h. The blended powder was calcined at optimized temperature
00 ◦ (±2 ◦) for the 2 h with the ramp period of the 5 ◦ per minute

n a homemade box furnace. The phase pure calcined powder is
sed for pelletization of the 10 mm circular disc and 1000 micron
o 1500 micron thickness using the hydraulic machine under
he pressure of 4 − 5 N/m2. The green pellets were sintered at
00 ◦ (±2 ◦) for densification and phase homogeneity. For electrical
easurements, the circular disc of diameter 10 mm was  cut into

 cuboid structure of 10 mm × 4 mm × 1 mm. For the electrical
onnection and better charge accumulation during the change
n humidity, a 3 mm × 4 mm × 1 mm silver cap was painted on
oth ends of the cuboid with the help of silver colloidal paint.
wo copper wires were attached on the silver cap for the two
robes current-voltage (IV) measurement. The device was placed
n a self-designed bridge, where all six faces of the cuboids were
qually exposed to the ambiance for proper humidity sensing.

.1. Measurement and characterization

The polar resistive humidity sensor made of KTN ferroelectric
olycrystalline ceramic was synthesized by the solid-state reac-
ion technique. The X-ray diffractometer (RIGAKU-JAPAN/ULTIMA
V, � = 1.5405 Å) with the monochromatic Cu-k� radiation source
n the range of 2�, 20 to 80 ◦, was used to characterize the crystal
tructure and phase purity of the system. The XRD measurement
as performed over the clean surface of the sensor with the step

ize 0.02 and scan rate 2◦ per minutes. The density of the device was
easured using the Archimedes principle. The surface morphology

nd microstructural analysis of the sensor were performed by scan-
ing electron microscopy (SEM, Zeiss EVO MA-10) technique. The
nergy-dispersive X-ray spectroscopy (EDAX) was studied for the

etail elemental composition analysis. The dielectric/ferroelectric
easurements were carried out using Radiant ferroelectric tester

t room temperature. The humidity sensor was characterized by
he humidity generation and calibration equipment from thunder
image) and moist environment (right image). (b) The detailed explanation of the
Grotthuss mechanism, the formation of chemisorbed and physisorbed layers and
the interaction of hydroxyl (OH-) group with the metallic atom.

scientific corporation (The humidity source), Model 2500 Bench-
top. The sensor was  characterized at a different proportion of the
relative humidity, i.e. 15%, 35%, 50%, 75%, and 95%, in adsorption
and desorption mode. The electrical measurement of the humid-
ity sensor was  performed in two  probe method with the help of
Keithley-236 source meter. Various closed loop current-voltage (I
/V) and current-time (I/T) measurement data were recorded by the
LabView interfaced program with the Keithley-236. The schematic
diagram and the mechanism responsible for giant humidity sensi-
tivity in KTN polycrystalline are presented in Fig. 1 (a) and (b).

2.2. Rietveld refinement
The Rietveld refinement of the XRD data was carried out with
the help of FULLPROF software package in the range of Braggs angle
(2�) 20◦ to 80◦ degree. The data was  refined in the Structural Model
(Rietveld Method) mode, under these conditions; all the param-
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Fig. 2. (a) Rietveld refined X-ray diffraction patterns of the KTN ceramics. The experimental and Rietveld refined data are represented by an open circle and solid line,
respectively. The vertical lines lie just below the peaks of XRD patterns represent the Bragg’s planes of the KTN (b) SEM micrograph of the KTN shows the compactness and
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upports the low porosity of the sintered KTN pellet (i.e., 12%). (c) Raman spectrog
olarization in the external applied an electric field, under the influence of the mo
eferred to the web  version of this article).

ters including Wyckoff position were refined. The Background
f the XRD data was fitted with the sixth order of the polyno-
ial, and the peak positions were considered in Pseudo-Voigt Axial

ivergence asymmetry profile. In the Rietveld refinement ther-
al  parameter, scale factor, lattice parameters, background, zero

orrection, and position coordinate were varied according to the
ppropriate requirement of the crystal structure, software, and for
eaning full fitting. The occupancy of the ions was fixed during

he refinement. The isotropic thermal parameters for all the ions
ontinuously change to improve the R-factor. No such measure
orrection was  observed to refine the thermal parameter with the
osition parameter and another parameter also.

. Results and discussion

.1. Structural and morphological study

Fig. 2 (a) shows the X-Ray diffraction (XRD) patterns of the
olycrystalline KTN ceramic at room temperature (300 K). The
TN polycrystalline ceramic had the orthorhombic crystal struc-

ure with space group Amm2. All the diffraction planes were
ssigned with the orthorhombic crystal structure, matched with
he JCPDS file number 71-0946 [19]. A distinct and sharp peak
osition illustrates the excellent crystal quality of the KTN poly-
rystalline ceramic. To study more about the crystal structure, the
ietveld refinement of the XRD data was carried out by consid-

ring the orthorhombic crystal structure and Amm2 space group
ith the help of the FULLPROF software package. A single phase

rystal structure was observed in the refinement. The Rietveld anal-
sis confirms the doping of the Ta+5 at B-site of the perovskite
f the KTN sample in the dry and moist condition. (d) Enhancement of the electric
 (For interpretation of the references to colour in this figure legend, the reader is

ABO3 crystal structure. There were total five elements present in
the asymmetric crystal structure, in which, K (potassium) is on
the 1(A) site, and Nb/Ta/Mn is on the 1(B) site of the ABO3 crys-
tal structure. The observed volume of the unit cell is 129.0022
cubic Å and the obtained R-factor (R), and reflection intensity
based R-factor (Rf) from the refinement was 8.76, and 6.71, respec-
tively. The refined lattice parameters of the crystal structure were
a = 3.9836 Å, b = 5.6698 Å, and c = 5.7116 Å. The goodness-of-fit,
� 2 (chi squire) was found to be 3.3 which suggested the goodness of
the Rietveld refinement. Recently Yasuhiro Yoneda et al. described
in detail about the local structure of the KNbO3 at a different tem-
perature, i.e., 15 K, 300 K, 673 K, and 1073 K and confirms about the
orthorhombic crystal structure with phase group Amm2  at room
temperature. The present study of Rietveld analysis also shows the
similar crystal structure parameters as reported earlier [20].

The cross-sectional SEM micrograph image of the sintered pel-
let was illustrated in Fig. 2(b). The SEM micrograph shows the
oblate cuboid shape granular grains structure. The size of the cuboid
grains lies from several 100 nm to few micrometers. The micro-
graph shows that a small spherical size particle is attached to the
cuboid sized grain. The observed value of the porosity is 12%, which
was measured by the Archimedes principle. The sintering temper-
ature agglomerates the grains and decreases the porosity of the
sensor; however low sintering temperature reduces the life cycles
of the sensor materials. Moderately low porosity of the sensor sup-
ports high sensing ability with long lifetime and durability. Even
for moderately low porosity, the sensor showed giant humidity

sensing property. The presence of individual elements and its com-
positions were carried out by the EDAX technique on a large area
at various positions on the sensor. The EDAX analysis provides evi-
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ence of even distribution of elements with a composition similar
o desired compositions well within the experimental error limit
±10 %) from all the sources.

.2. Raman spectroscopy

Fig. 2 (c) illustrates the Raman spectroscopy image of the poly-
rystalline KTN sample at room temperature. Raman spectroscopy
s vital to understand the structural disorder, phase evolution and
ifferent kind of ordering in the perovskite structure. The Raman
pectra were recorded in two different modes; (i) dry condition, (ii)
ith Rh 95%. There were two sharp modes observed at 192 cm-1

nd 296 cm-1 correspond to transverse optical mode 2 (TO2) and
ransverse optical mode 4 (TO4), respectively. These two  modes
re the fingerprint of occurrence for the long-range polar order-
ng in KTN ceramics [20,21]. In the high wavenumber region, the
aman longitudinal optical mode A1(LO3) is associated with oxy-
en octahedra of perovskite. The peak splitting at the mid-range of
aman shift at 531 cm-1 and 591 cm-1 corresponds to (B1+B2) TO3
nd A1(TO3), which confirms the orthorhombic crystal structure
oncerning Amm2 space group [20,22]. These modes are assigned
s per group theory [21–22]. Raman shift observed at 831.25 cm-1

nd 293.75 cm-1 were correspond to the cross-linking of Nb+5 and
+ cations with the octahedral oxygen (16O8). The full-width half
axima and peak sharpness corresponding to polar Raman modes

192 cm-1 and 293 cm-1) decreased when Raman spectra were
ecorded with Rh 95%. These observations confirm the presence of

 large number of active charge carriers surrounding to the oxygen
ctahedral which leads to significant distortion in crystal structure
ue to the participation of cations with an active hydroxyl group
nd hence, a large number of charge carriers present in the moist
ondition.

.3. Polarization as a function of electric field in dry and wet
ondition

Fig. 2 (d) describes the behavior of electric polarization as a func-
ion of the electric field. The electric polarization of KTN sample was
ecorded at the room temperature in two different conditions; (i) in
ry, (ii) in moisture condition. This measurement was performed
o establish the effect of moisture on the ferroelectric nature of
he KTN ceramic. The ferroelectric hysteresis loops were measured
t room temperature and 100 Hz frequency. The dried unpoled
TN ceramics show a well saturated slim ferroelectric hysteresis

oop with the saturation electric polarization 5.8 �C/cm2. A well-
haped and saturated hysteresis under the maximum applied field
2 kV/cm confirms the ferroelectric nature of the dry KTN ceram-

cs, however at the same time; the moist KTN shows leaky PE loops
upport the influences of freely conducting charge carriers on real
olarization/displacement current. It has been explained earlier,
hat the shape of the PE loop described the various states of ferro-
lectric and dielectric materials [23–26]. Among them, one of the
amous articles is F̈erroelectrics go bananasb̈y Prof. J F Scott [27].

.4. Relative humidity and its mechanism

The relative humidity is the ratio of the amount of water vapor
resent in specific volume to the equilibrium water vapor at a given
emperature. Mainly two types of parameters are used for the fab-
ication of humidity sensors available in the market; (i) the change
n resistance and (ii) the change in dielectric constant or capaci-
ance as a function of humidity. These parameters are employed to

abricate sensor output as a digital display unit. In the case of the
esistance-based humidity sensor, if the sensor resistance increases
ith an increase in Rh%, it is called a positive response of resistance.

imilarly, if the resistance of sensor decreases with an increase in
Fig. 3. The variation of the direct current at the different concentration of the rel-
ative humidity from 15% to 95% at 25◦ . The electric current is presented in the (a)
adsorption, and (b) desorption mode.

Rh%, it is called a negative response of resistance [10,14,16,28–30].
In the present study, a negative response of humidity sensor is
observed and utilized for fabrication of the display unit. The crystal
structure, grains and grain boundaries distributions, homogenous
microstructure, controlled porosity, and active participation with
humidity make it a suitable candidate for an electrochemical reac-
tion or giant sensing ability [28,31]. First, a water vapor molecule
comes into the contact of activate surface of the sensor, i.e., adsorp-
tion of the water molecule, as explained in Fig. 1 (a). Consequently,
hydrogen bonding becomes weaker and the water molecule trans-
fers the hydroxyl group to the potassium atom as shown in Fig. 1
(b). The adsorption of the hydroxyl group to an activated potas-
sium atom formed the chemisorbed layer. Now the water molecules
from vapor make the hydrogen bonding with two nearby hydroxyl
groups. This process formed the first physisorbed layer. The First
physisorbed layer does not possess the hydrogen bonding itself, so
there is no protonic conduction takes place at this level. Now the
other water molecules start to bonding by hydrogen bonding and
make the array upon the first physisorbed layer. These layers are
called the second, third, fourth, and nth (layer) physisorbed layer as
shown in Fig. 1 (b). Due to the presence of hydrogen bonding from
the second physisorbed layer, Grotthuss mechanism comes into
the picture which leads protonic conduction and hence may  fold
increase the conductivity of sensor with an increase in humidity
[32–34].

3.5. Humidity sensing properties
The electrical properties of the KTN humidity sensor are
described in Fig. 3 and Fig. 4. The humidity measurement was per-
formed in the primary humidity standard placed at CSIR-National
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Fig. 4. (a) Closed loop current-voltage measurement of the sensor at two relative humidity concentration of 15% and 95%; the arrows show the current path as voltage swipe
from  negative to positive and positive to negative continuously. (b) the closed loop current-voltage graph in the range −2 V to +2 V with voltage span of +/- 10 V, shows the
inbuild voltage of sensor in the range of 310 mV to 500 mV.  (c) The performance of the sensor and the behavior of the current during the continuous variation of the relative
humidity went from 15% to 75 % and returns to 15% (d) Variation of the current with the continuous switching of the relative humidity in the range of 15% to 95%.

Table 1
The variation of current and resistance as function of Rh% for both adsorption and desorption mode.

Relative Humidity (Rh) Adsorption Desorption

Current (A) Resistance (M-�)  Current (A) Resistance (M-�)

15 % 4.16E-9 1202.18 4.81E-9 1040.47
35  % 1.50E-8 332.55 2.35E-8 212.49
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50  % 6.30E-8 79.3
75  % 5.36E-7 9.33
95  % 1.92E-5 0.26

hysical Laboratory. Fig. 3 shows the variation in direct current
f the sensor as a function of time at the constant applied volt-
ge 5 volt. The variation of the current (related resistance) was
ecorded at the different value of the relative humidity (15% to
5%) during the adsorption and desorption mode. The three order
hange in current magnitude was observed with increase in humid-
ty. The current value changes from a few nA to several �A with
n increase in the humidity level from 15% to 95%, respectively
epending on magnitude and direction of bias voltage. A detailed
ariation of electric current from 15% to 95% humidity level is given
n Table 1. As the humidity increases, the number of physisorbed
ayers associated with the particular concentration of humidity
ncreases which provide the colossal charge density, and a constant
lectric field provides the high mobility for the protonic conduction.
or humidity level greater than Rh 50%, the presence of hydroxyl
roup increases faster which favors the exponential growth of elec-
rical current with a change in humidity. It can be seen from Fig. 3

a, b) that the presence of the hydroxyl group during physisorption
nd chemisorption process was all most constant, so KTN sensor
rovides the same overall range of the current during increasing
nd decreasing relative humidity (in different cycles of the mea-
8.11E-8 61.61
6.49E-7 7.69
1.92E-5 0.26

surement). It indicates that for the full range of the humidity, the
interaction between the water molecule and microstructure of the
KTN sensor continuously developed and destroyed the physisorp-
tion layers. The giant change in the electrical conductivity is caused
by protonic conduction over the surface of the device. [28,32,35,36].

Fig. 4 (a) shows the closed loop current-voltage (I-V) scan with
an applied voltage 110 V at two  different humidity level 15% and
95%. The closed-loop covered the voltage scan from -110 V →0  V
→ + 110 V to +110 V →0  V → -110 V, continuously. These mea-
surements were performed to understand the behavior of the
physisorption layer and how it behaves when the number of the
physisorption layer increased. There is no current-voltage hystere-
sis observed in the closed loop I-V scan of the 15% humidity level.
It shows that sensor surface forms only a few physisorbed layers,
hence a very small amount of current with the water vapor at 15%
Rh. There was a large hysteresis with inbuilt voltage (310 mV  to
513 mV)  at the humidity level of the 95%. It is interesting to note

that humidity response abruptly changes with a change in the bias
polarity/Voltage. Due to inbuilt potential, the sensor shows the
switching of the current from negative to positive and vice versa
before the bias voltage crosses the zero potential. This is due to the
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ydroelectric cell nature of devices, where the self-generated volt-
ge at high humidity ranges dictates the current as shown in Fig. 4.
b). For better clarity, a closed loop current-voltage (IV) data near
o zero potential is shown in Fig. 4 (b). It shows nearly 513 mV  open
ircuit voltage (VOCV) and 0.5 �A short circuit current (ISCC) during
he scanning of voltage from negative to positive potential while
10 mV  VOCV and 0.5 �A ISCC form positive to negative voltage scan
Fig. 4 (b)). These inbuilt voltages are shown by the sensor at the
5% humidity level and +/- 10 V scan period. The magnitude of VOCV
nd ISCC indicate that this device is capable to generate energy and
lectricity in the presence of humidity (hydroelectric cell) similar to
hotovoltaic current in the presence of light. This particular prop-
rty of the sensor opens a new window for the future hydroelectric
ell.

Fig. 4 (c) illustrates the continuous variation of the current when
he humidity is changing from 15% to 75% and 75% to 15 % again at a

 V bias voltage. The humidity source generated the humidity at the
onstant rate and reached the desired value up to 10-12 minutes.
he 75% humidity was held for 10 minutes whereas the current was
lso constant during this time. As the humidity changed the current
alue also change continuously. These results support the repro-
ucibility of sensor humidity sensing properties while adsorption
nd desorption process. The check the repeatability and repro-
ucibility of sensing element, resistance/current property of the
umidity sensor was checked from 15% to 35% and back to 15%,
5% to 50% and back to 15%, 15% to 75% and back to 15%, and 15% to
5% and back to 15%, respectively at the constant 5 V biased voltage
s shown in Fig. 4 (d). These data support robust reproducibility of
ensing element while various humidity conditions. Note that these
ata were taken by primary humidity standard which has experi-
ental limitation to reach the desired humidity and de-humidity

onditions.
The sensitivity, repeatability and the nature of the humidity hys-

eresis are the key constraints to understand the property of the
ensor [35–38]. The sensitivity of the humidity sensor is defined
y the ratio of the current IRh

Idry
, where the IRh is the current of the

ensor at respected relative humidity, and the Idry is the current at
he 15% relative humidity level. The sensitivity of the KTN sensor is
resented in Fig. 5 (a). The sensitivity graph follows a linear rela-
ionship up to 75% humidity level in the logarithmic graph. This
hows the best performance of the sensor in the low humidity
ange. The maximum sensitivity of the device was  around 4600 in
dsorption and desorption mode for Rh 95%. As per our best knowl-
dge, the magnitude of sensitivity is giant and far above than any
eported value for bulk polycrystalline samples [10,14,35,37,38].
he sensitivity of the sensor was calculated in adsorption and
esorption mode which provides the same range of sensitivity in
arious cycles of the measurement. The resistance as function of
h% of KTN ceramics sensor was tested many times for the repro-
ucibility, and possible uncertainty in the measurement is marked

n the Fig.5 (b). It shows the resistance data with a proper error
ar which has obtained from the standard deviation of five data
oints (Type A uncertainty). To investigate the sensor life sustain-
bility, the electric current measurement was performed after 30
ays periodically at different concentration of the relative humidity
hat found satisfactory well within the errors of the experimental
ange. To understand the hysteresis behavior of the sensor resis-
ance as a function of Rh% (15% to 95%) is given in Fig. 5 (b); these
ata are used for fabrication of the digital display unit.

To display the humidity of the sensor environment, the essen-
ial electronics was indigenously developed. Since the sensitivity of
he sensor was very high, so a simple electronics was unable to link

ith the sensor. The variation of the resistance in the sensor was

onverted into the output voltage signal with the help of inverting
perational amplifier. The output signal of this operating amplifier
Fig. 5. (a) Describes the sensitivity Idry=15%
of the KTN sensor which comes out

to be 4600 at 25◦C (b) Resistance versus relative humidity hysteresis behavior of the
KTN sensor having the uncertainty bar with respect to different humidity level.

was negative, so it was converted into the positive signal. The detail
explanation of the electronics circuit was given in Fig. 6 (a) & (b). The
constant positive bias voltage of 5 V to the sensor was maintained
since pin 2 of the operational amplifier U1 was at virtually ground
state. The KTN sensor shows giant sensitivity; hence a small varia-
tion of the humidity can change a lot in the output circuit. So, the
positive output of the second operational amplifier U2 was  further
smoothened with the extra electronics circuit to slow down the
variations in the signal. The output of the smoothing circuit was
then applied to a suitable voltage measuring device which may  be
the low-cost microcontroller or a similar device such as a personal
computer having an analog acquisition facility. The program writ-
ten in the controller has the logic to convert the equivalent voltage
into humidity. The resolution of humidity measurement depends
on the capability of the analog measurement circuit or computer.
The developed display unit with standard humidity sensor is shown
in the supplementary data (Fig.S1).

4. Conclusion

We  report the fabrication of low cost polar resistive polycrys-
talline KTN humidity sensor which displayed giant sensitive and
long-term reproducibility. The resistance of the sensor changes
from G� to several k� while changing the relative humidity from
15% to 95%. It illustrates an abrupt change in humidity sensing cur-

rent with a change in polarity of bias voltage with large inbuilt
voltage in the presence of high humidity. The giant variation of elec-
trical current as a function of humidity and its micro-processing
control suggest that the device will be a promising candidate for
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ig. 6. (a) shows the detailed explanation of the electronic circuit in the flow chart
s  shown to display unit using the electronics circuit.

he practical humidity sensor. With the help of micro-electronics
nd digital display unit, the relative humidity is presented on the
igital display unit. The present study revealed a new door for the

ow cost ultra-high sensitive sensors for the detection of humidity.
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