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Abstract. A quest for a suitable method to fabricate thin films-based humidity sensor with superior sensitivity in their
electric response, calls for a selection of an appropriate material and effective fabrication technique. In this paper, organic
semiconductor metalloporphyrin (TDTBPPNi) has been utilized to fabricate highly sensitive humidity sensors by using a
novel eco-benign microwave-assisted synthetic procedure. Metalloporphyrin (TDTBPPNi) has been later deposited
through facile drop-casting technique on the gap (40 μm) between planar metallic aluminium (Al) electrodes to fabricate
surface-type capacitive and resistive type relative humidity sensor (Al/TDTBPPNi/Al). The structural and morphological
characterizations of humidity sensing layer have been investigated, which indicate amorphous structure and rough
globular surface morphology of the thin film, respectively. The relative humidity sensing capacitive and resistive characteristics of the sensor have been monitored in 39–85% relative humidity (%RH) bandwidth. The fabricated sensor under
biasing condition of 1 V of applied bias (Vrms) and 200 Hz AC test frequency, exhibits significantly higher sensitivity of
*102.61 pF/%RH and −333.07 kΩ/%RH in capacitive and resistive mode of operation. The average values of response
and reset time of resistive sensor have been estimated to be *35 and *57 s, respectively. The reasons for this achieved
sensitivity and response level have also been discussed.
Keywords. Relative humidity sensor; metalloporphyrin; surface morphology; capacitive–resistive sensing mechanism;
response recovery time; dielectric permittivity.

1.

Introduction

Humidity sensing is extensively used in numerous measurement and control applications; mainly air quality
detection in chemical and textile industry, agricultural
fields, food storage, health care and meteorology (radiosondes and weather balloons) [1,2]. The development of
economically viable humidity sensors, fulfilling stringent
criteria of high sensitivity, ultra-fast response, wide
dynamic bandwidth along with linearity and reproducibility
in response, is therefore, logically vital. Various novel
materials, such as ceramics, polymers and their novel
composites have been extensively studied to improve the
humidity sensing efficiency of the devices [3,4]. Organic
semiconductors/polymers have particularly significant

potential for humidity sensing applications as they offer
controlled pore size, low-cost and eco-benign solution
processable fabrication procedures and inherent advantages
of mechanical flexibility [5–8]. Furthermore, as the miniaturization of organic semiconductor-based humidity sensors
is also straightforward, therefore, portability and sensor
arrays with many elements are achievable [9]. Organic
semiconductors bear highly tunable properties and provide
compatibility with flexible and large-area substrates. In
particular, the ability to control the film morphology provides unique degree of versatility, which directly influences
the adsorption and desorption kinetics of analyte in the
active semiconducting layer.
In general, based on the transduction mechanism,
humidity sensors are broadly divided into various groups;
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electrical, optical, mechanical and integrated sensors [10].
In particular, the electrical response-based relative humidity
sensors provide facile fabrication, improved humidity sensitivity along with consistent and robust response [11].
Commonly, there are two fundamental types of electrical
response-based humidity sensors (i.e., resistive and capacitive type). The prior one relies on the change of the real
part of the impedance, whereas the latter one relies on
change in dielectric permittivity with the change in ambient
relative humidity (RH%) [12]. In either case, however, the
active sensing layer is the prominent element for the
improvement in sensing performance. The careful selection
of the active sensing material in capacitive and resistive
humidity sensors is usually dictated by various characteristics: low dielectric permittivity, significantly higher
porosity, hydrophilicity along with water insolubility
[13–15]. In this regard, the exploration of novel materials
with potential humidity sensitive properties is one of the
key focuses of research to optimize the sensing performance
of the devices.
In their recent work, Qasuria et al [16] developed cobalt
(II) phthalocyanine (CoPc)-based resistive and capacitive
humidity sensor with −290 KΩ/%RH and 0.023 pF/%RH
sensitivity at 1 kHz operational frequency. Similarly, Chen
et al [17] reported an increase in capacitance of the multiwall carbon nanotubes (MWCNTs)-based humidity sensor
in 11–97% RH range with 0.026 pF/%RH sensitivity. In our
previous research work, we developed a capacitive type
humidity sensor based on electrospun MEH-PPV:PVP
microstructured composite as a function of a broad range
(20–90% RH), but with limited *114 pF/%RH sensitivity
at low test frequency [18]. Various novel organic semiconductors have been explored as a sensing platform, such
as polyimide [1], phthalocyanine [19], polymer [20]; however, still there exists a significant need for relative
humidity sensors with improved air-stability and superior
sensitivity in electrical response. Metalloporphyrins are
macrocyclic compounds with fascinating attributes of an
extended π-electron aromatic system and high stability
[21,22]. In general, metalloporphyrin also offers a wide
variety of interaction mechanisms (e.g., hydrogen bonds,
polarization and polarity interactions) by virtue of which
they show immense promise for use in high-sensitivity
chemical sensing application [23,24]. In our previous work,
we reported a facile and eco-benign microwave-assisted
procedure for the synthesis of 5,10,15,20-tetrakis(3′,5′-ditert-butylphenyl) porphyrinatonickel(II) (TDTBPPNi) metalloporphyrin [25].
Herein, we aim to investigate the potential of TDTBPPNi
thin film as a humidity sensing platform. We present the
fabrication and electrical (capacitive and resistive) characterization of the relative humidity sensor (Al/TDTBPPNi/
Al) in response to %RH at distinct frequencies of input bias.
We are motivated to achieve significant enhancement in the
sensing characteristics of the humidity sensor when compared with those previously reported in literature.
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2.

Experimental

In this study, organic semiconductor 5,10,15,20-tetrakis
(3′,5′-di-tert-butylphenyl) porphyrinatonickel(II) (TDTBP
PNi) has been used as a dielectric layer in the fabricated
relative humidity sensor. It is well-known that solid-state
synthesis route has attracted global interest and are ubiquitously used for the lab-scale synthesis of variety of
compounds. In particular, the microwave-assisted organic
synthesis has gained increasing attention in academic as
well as industrial laboratories by virtue of its inherent
advantages, such as minimum solvent requirement, shorter
reaction times and facile purification [26–28]. It is noteworthy that the classical approach for the synthesis of
porphyrin required the excessive use of toxic and corrosive
solvents [29]. However, recently, facile and eco-benign
microwave-assisted synthetic procedure (under solventless
conditions) has been demonstrated for the synthesis of a
variety of porphyrins and metalloporphyrins [30,31]. In the
present study, metalloporphyrin (TDTBPPNi) (figure 1) has
been synthesized and purified by the already reported
procedure [25].
The capacitive and resistive-type planar humidity sensor
has been fabricated with a planar Al/TDTBPPNi/Al configuration. To serve as the substrate for the fabricated sensor, commercially available glass microscope slides have
been used. The glass slide (dimensions *191 inch) have
been initially cleaned by sequential rinsing in soap and deionized (DI) water. For meticulous cleaning, sequential
ultrasonication in DI water, acetone, ethanol and DI water
for 6 min duration each, has also been performed. The
substrates have been later dried in dust-free environment

Figure 1. Chemical structure of 5,10,15,20-tetrakis(3′,5′-di-tertbutylphenyl)porphyrinatonickel(II) (TDTBPPNi).
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using air blow. Aluminium thin film with thickness of
*120 nm has been deposited on the cleaned glass substrate
by means of thermal evaporator (pressure *10−5 mbar, rate
of thin film formation *0.2 nm s−1). A pair of aluminium
thin film electrodes have been defined on glass substrate, to
serve as the electrical contact pads, by utilizing the traditional shadow mask technique. The gap between the aluminium electrical contact pads have been measured to be
*40 µm. Later, solution of TDTBPPNi in chloroform (with
20 mg ml−1 concentration) has been drop-casted onto the
gap between the pre-designed electrical contact pads.
TDTBPPNi dielectric layer (thickness *180 nm) serves as
humidity sensing active layer in the present study. The
cross-sectional view of the resulting planar Al/TDTBPPNi/
Al humidity sensing device is depicted in figure 2.
The sensing performance of the fabricated humidity
sensing device has been carried out in an in-house-developed hermetically sealed chamber. Changes in capacitance
and resistance for the proposed sensors have been measured
upon varying humidity levels from 39 to 85% RH. The
humidity level inside the chamber has been controlled by
dry and wet air flows. To enhance humidity in the chamber,
water vapour saturated air stream has been introduced
through inlet valve. In similar fashion, desiccated air has
been used to purge-out the moisture-laden air to decrease
the humidity level inside the chamber. During the experiments, Pro’sKit MT 4014 commercial Thermo-hygrometer
has been utilized to monitor the temperature and humidity
levels inside the chamber.
The characteristic curves of humidity sensitivity have
been obtained by measuring the electrical capacitance and
resistance of the proposed humidity sensor, while exposing
it to controlled humidity environments. High precision
APPLENT AT2816B LCR Meter (measurement accuracy
*0.1%) has been used to measure the electrical capacitance
and resistance of the sensor simultaneously at three distinct
test frequencies (i.e., 200 Hz, 1 and 10 kHz) of the AC
applied bias (Vrms *1.0 V). Figure 3 portrays the experimental setup for the characterization of the relative
humidity sensor.
The surface topography of the humidity sensing
TDTBPPNi layer has been investigated using atomic force
microscope (AFM). The detailed structure analysis of
TDTBPPNi thin film has been carried out via X-ray
diffraction (XRD-Panalytical X’pert Pro).

Figure 2. Cross-sectional diagram of the proposed Al/
TDTBPPNi/Al sensor.
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Results and discussion

Figure 4 depicts the solid-state absorption spectrum of
TDTBPPNi metalloporphyrin in visible light range (350–
800 nm). It is evident from the spectrum that pristine
TDTBPPNi thin film exhibits two main absorption bands,
usually denoted as Soret (S) and Q bands [32]. The intense
S band of TDTBPPNi exists in the near UV–visible region
of spectrum (380–470 nm) and exhibits an absorption
maxima at 423 nm. Whereas, the Q band of TDTBPPNi
absorption spectrum covers visible radiation range of 510–
650 nm with an absorption maxima at 535 nm. In fact, the S
and Q bands are envisaged to be the characteristic absorption bands of metalloporphyrin macromolecules [33]. It is
well known that both S and the Q bands in metalloporphyrins arise from π–π* electronic transitions and can be
easily explained by considering the four-orbital model of
Martin–Gouterman [34,35]. According to the aforementioned model, these S and Q bands originate due to electronic transitions from two highest occupied molecular
orbitals (a1u and a2u) to a degenerate pair of lowest unoccupied molecular orbitals (egx and egy) [36]. Hence, it may
be safely concluded that absorption spectrum of TDTBPPNi
signifies a strong electronic transition from ground to the
second excited state (S0 →S2) at about 423 nm (S band)
accompanied by a relatively weaker electronic transition
from ground to the first excited state (S0 →S1) at about
535 nm (Q band). The extended visible light absorption
profile of TDTBPPNi suggests that it may also be used as a
photoactive material for light-sensing and harvesting
application. The favourable spectroscopic feature (improved spectral coverage) of TDTBPPNi photoactive
material may be due to the aromatic and highly conjugated
π-electrons system of metalloporphyrin.
The detailed structure analysis of TDTBPPNi thin film
has been carried-out via XRD. From the XRD pattern (depicted in figure 5), low intensity and diffuse scattering of
X-rays may be observed, which is considered as a characteristic of amorphous materials [37]. The amorphous
structure of TDTBPPNi thin film is further confirmed by the
absence of any well-defined Bragg diffraction peaks in
XRD pattern [38]. Köhler and Bässler [39] have previously
confirmed that in the amorphous films of organic semiconductors, the molecular orbitals of neighbouring sites are
generally, weakly coupled by van der Waals interactions.
The weak electronic coupling between molecules in an
amorphous film results in localized molecular orbitals,
which translates into a much smaller dielectric constant of
*3–5 in organic semiconductors [40].
Figure 6a and b shows the 2D and 3D atomic force
micrographs indicating the rough topography (scan size
area of 7.5 9 7.5 μm) of the drop-casted TDTBPPNi active
thin film. Figure 6c shows the linear cross-section analysis
which highlights the non-uniform height profile of the
TDTBPPNi active layer across the three (randomly selected) indicated lines in figure 6a. In general, it can be
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Figure 3.
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Experimental setup used for electrical characterization of fabricated humidity sensor.
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Figure 4. Solid state absorption spectrum of pristine thin film of
TDTBPPNi.

observed from figure 6, that the active layer exhibits voidpatterned, rough and globular surface morphology. In general, the use of active layer with coarse and rough surface
morphology ensures substantial water sorption capability
[41,42]. The surface morphology with effective voids and
non-uniformity may further provide effective paths to promote the adsorption of moisture into the bulk of the sensing
film [43]. Concludingly, the significantly higher order of
non-uniformity in TDTBPPNi sensing film is expected to
optimize the sensing performance of the fabricated humidity sensing device.
In general, the capacitive type humidity sensor is fabricated by utilizing thin film of organic semiconductor as a
dielectric layer between a pair of metallic electrodes. The
dielectric layer adsorbs and desorbs the humidity as a

Figure 5.

XRD pattern of pristine thin film of TDTBPPNi.

function of the ambient relative humidity and correspondingly the dielectric constant of the active layer varies. It is
well known that the parallel plate capacitance relies upon
the thin film electrodes geometry, separation-gap between
the thin film electrodes and the dielectric permittivity of the
sensing material i.e., TDTBPPNi. The relation of capacitance is expressed mathematically as equation (1) [44].
Hence, for electrical characterization of the fabricated
device, the capacitance measurement is performed with the
alteration in ambient humidity.
C¼

eo er A
d

ð1Þ

where C is the capacitance of the fabricated device, εo and εr
represent the dielectric permittivity constants of air and
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Figure 6.
layer.
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(a) 2-dimensional micrograph, (b) 3-dimensional micrograph and (c) texture line profile of drop-casted TDTBPPNi active

active material, respectively, A the area of the electrodes
and d represents the inter-metallic electrodes distance.
In humid environment, the dielectric permittivity of the
active layer is sourced by polarization which may be
dipolar, ionic or electronic in nature [16]. The Clausius–
Mosotti equation (equation (2)) relates the dielectric constant (εr) and polarizability (αd) mathematically as follows
[45]:


ð1 þ 2Nd ad Þ=3eo
er ¼
ð2Þ
ð1  Nd ad Þ=3eo

Considering the Clausius–Mosotti equation, the relation
between capacitance and dielectric permittivity may further
be modified as equation (3) [46,47].
 n 

Cw
ew
ð1 þ 2Nw aw Þ=3eo n
¼
¼
ð3Þ
Cd
ed
ð1  Nw aw =3eo Þedry
Here, the factor n is related to the morphology of the
dielectric layer, whereas εd and εw signify the dielectric
permittivity constants of the dry and humid sensing films,
respectively.
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The sensing mechanism of the capacitive sensor relies on
the variation in capacitance upon humidity adsorption/desorption. The change in capacitance at varied humidity levels
may be easily translated to the varied dielectric permittivity
values of humid and desiccated sensing layer. It is worth
noting that the dielectric constant of organic semiconductors is generally *3–5 which is significantly smaller as
compared to that of water *80, at room temperature [48].
With the gradual increase in ambient humidity, water
molecules are increasingly adsorbed by the active layer.
Hence, at higher humidity levels, the capacitance of the
fabricated device increases as a result of progressive
increment in dielectric constant of the active layer [49].
Figure 7 portrays the capacitive-humidity characteristics
of the planar Al/TDTBPPNi/Al humidity sensor. The
capacitance of the fabricated sensor has been monitored at
three different frequencies (200 Hz (low), 1 (medium) and
10 kHz (high)) of the input AC signal. The capacitance of
the device has been evaluated at the ambient temperature
(*25±1°C), by varying the ambient relative humidity
from 39 to 85% in incremental order. During each incremental step, care has been taken to maintain the relative
humidity at a stable value, so that relatively steady capacitance measurement may be obtained. Specifically, by
altering the %RH from 39 to 85%, capacitance of the fabricated sensor has been increased in quasi-linear fashion by
107.37, 110.00 and 57.83 times at operational frequencies
of 200 Hz, 1 and 10 kHz, respectively. In a similar fashion,
at low frequency of 200 Hz, relatively higher sensitivity has
been observed (i.e., 102.61 pF/%RH), whereas sensitivities
at higher test frequencies (i.e., 1 and 10 kHz) have been
calculated to be 67.23 and 30.53 pF/%RH, respectively.
Wang et al [50] have also previously confirmed that
capacitive humidity sensors generally exhibit larger
5000
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Figure 7. Quasi-linear capacitance variation of Al/TDTBPPNi/
Al humidity sensor, at varied operational frequencies of input
signal, as a function of %RH, (inset) temperature dependence of
capacitance of the device at 200 Hz operational frequency under
ambient humidity condition.

percentage capacitance variation/sensitivity under lower
operation frequency. Interestingly, for the fabricated
humidity sensor, still higher order of sensitivity may be
achieved at operational frequencies below 200 Hz, however, the stability and repeatability of the sensing device is
profoundly affected in such cases [51].
The capacitance dependence of frequency at varied %RH
levels can be easily observed from figure 7. At low %RH
levels, relatively less water molecules are adsorbed by the
active sensing layer, and at this stage, the capacitance of the
device is independent of the AC input signal frequency,
similar to the behaviour of an ideal capacitor [52]. However, at higher order of humidity levels, more water contents are adsorbed resulting in the polarization of the
adsorbed water molecules which introduces the effect of the
leak conduction [53]. The capacitance (C) of the device
exhibiting leak conduction at higher humidity levels can
thus be expressed as equation (4) [54,55]:


c

C ¼ e C o ¼ er  i
ð4Þ
Co
xeo
where εo, γ and ω denote the permittivity of free space,
conductance and angular frequency of the input AC signal,
respectively. ε*, Co and εr are the complex dielectric constant, capacitance and dielectric permittivity of the device at
low %RH. From the equation, it may be safely deduced that
the capacitance of the device is inversely proportional to the
frequency. This is in accordance with the aforementioned
experimental results that the influence of %RH on the
capacitance variation is relatively stronger at low frequency
as compared to the higher order of operational frequencies.
At higher frequencies, the direction of electrical field
changes so swiftly that the polarization speed of the water
molecules fails to catch up with it and hence, the capacitance variation is relatively small [56].
From figure 7, it may also be observed that (for all
operating frequencies) the change in capacitance as a
function of %RH variation in 39–58% range, is not significant. However, a significant variation in capacitance of the
device is observed in 58–85% relative humidity range.
Recently, Sekrafi et al [57] have observed a similar
insignificant electrical response of Zn (II) tetra 5,10,15,20phenyl-porphyrin (ZnTPP)-based humidity sensor at low
humidity levels (below 64% RH). It is well-established fact
that at low order of humidity, the coverage of water
molecules adsorbed on the active layer is low [58]. However, with the increase in ambient humidity, multilayers of
water molecule are adsorbed on the sensing layer, thereby
giving rise to a consistent increase in capacitance of the
device. A detailed overview of the water molecules
adsorption phenomenon is included in the next section
(resistive response of the humidity sensor).
The effect of temperature on the capacitance variation of
the proposed sensor has also been studied at 200 Hz operational frequency under ambient humidity condition (39%
RH). The capacitance variation of the device has
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been found to be insignificant in the temperature range of
25–53°C (5.4% increase observed). However, in 53–80°C
temperature range, capacitance of the proposed sensor
increased 2.2 times of its initial value, as presented in
figure 7 (inset).
Figure 8 depicts the variation of resistance with relative
humidity for the TDTBPPNi active layer-based resistive
type humidity sensor between 39–85% RH levels, at varied
AC operational frequencies of input bias. From experimental results, it may be observed that frequency has a
significant impact on the resistance variation of the sensor,
at low humidity levels. For instance, at 39% RH, the
resistance of the sensor has been observed to sharply
decrease from 15.78 to 3.96 MΩ by increasing test frequency from 200 Hz to 10 kHz, respectively. The observed

Figure 8. Quasi-linear resistive response of Al/TDTBPPNi/Al
relative humidity sensor at varied test frequencies of AC input
signal.

Figure 9.

Page 7 of 10

156

results are in accordance with the previous studies, which
suggest that in low humidity regime, the resistance of the
active layer decreases remarkably with increasing frequency, however, the resistance variation between two test
frequencies becomes progressively smaller with increasing
ambient %RH value [59].
The calibration curves of the fabricated sensor further
show that the resistance of the sensor significantly decreases
with increasing relative humidity in quasi-linear fashion.
Specifically, at 200 Hz, the resistance of the device is
changed from 15.78 MΩ to 458.7 KΩ, when the humidity is
increased from 39 to 85% RH. The corresponding sensitivity of the device at 200 Hz test frequency has been
calculated to be −333.07 kΩ/%RH. Similarly, the sensitivity
of the sensor has been estimated to be −242.65 and −85.66
kΩ/%RH, at 1 and 10 kHz operating frequencies,
respectively.
Generally, the fundamental working mechanism of
majority of resistive/impedance type sensors relies on proton transfer conductivity model, well described via Grotthuss chain reaction (depicted in figure 9) [60,61]. When the
active sensing layer is exposed to humid environment, an
immobile chemisorbed monolayer of water molecules is
initially deposited at low humidity levels. At this initial
stage, the formation of bonds takes place, as a result of the
dipole–dipole interaction between the water molecules and
the critical centres of organic semiconductor (such as metal
parts with high cationic charge density) [60,62,63]. Meanwhile, proton (H?) is released which travels on the entire
sensing layer [64], and ultimately results in its higher
conductivity. As the humidity level is further increased, it
may form various physisorbed water molecule layers on the
active sensing layer and resultantly, condensation of water
molecules may occur. The conductivity of the active sensing layer under the influence of high %RH is governed by
the ionic conduction (as expressed by equation (5)) [65,66].

Humidity sensing mechanism of the proposed humidity sensor.
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(a)
Figure 10.
Table 1.

(b)

(a) Response and (b) recovery time of the proposed resistive-type humidity sensors at 10 kHz operational frequency.

Comparison of key sensing parameters of proposed humidity sensor with the ones reported in literature.

Material

Sensitivity

Cobalt (II) phthalocyanine [16]

0.023 pF/%RH
–290 KΩ/%RH
Multi-wall carbon nanotubes (MWCNTs) [17]
0.026 pF/%RH
Pyromellitic di an-hydride (PMDA)–oxydianiline (ODA) composite [68] 1.24 pF/%RH
Vanadyl 3,10,17,24-tetra-tertbutyl-1,8,15,22-tetrakis(dimethylamino)9.2 pF/%RH
29H,31H-phthalocyanine (VTP) [69]
Poly[4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)benzo[1,2-b;4,5-b′]
11 pF/%RH
dithiophene-2,6-diyl-alt-(4-(2-ethylhexyl)-3-fluorothieno[3,4-b]
thiophene-)-2-carboxylate-2-6-diyl] (PTB7-Th) [70]
Partially conjugated poly(vinyl alcohol) (PVA) [71]
10.2 kΩ to 4.5 MΩ variation
TDTBPPNi
102.61 pF/%RH
(present study)
–333.07 kΩ/%RH

Thus, more ions are generated due to the vigorous hydrolysis reaction under high humid condition and facile ion
transfer takes place according to Grothus mechanism which
results in decrease in resistance at high %RH [54,67].
H2 O þ H2 O , H3 Oþ þ HO

ð5Þ

The dynamic response and recovery speed of a humidity
sensor are envisaged to be one of the prime features among
the sensing parameters. In general, during the dynamic
response recovery characterization, the time taken by the
sensor to attain 90% of the total change in its output is
defined as the response time (during the humidification
cycle) and the recovery time (during desiccation cycle),
respectively [66]. Figure 10a and b, portrays the sensor’s
dynamic resistive responses to rapid variation of relative
humidity between high (80%) and low (40%) RH levels.

Bandwidth
(%RH)

Response
recovery time

30–95

—

11–97
10–90
20–95

45, 15 s
*25 s each
15 and 10 s

35–95

20 s each

32–92
39–85

224.6 and 56.3 s
35 and *57 s

The sensor initially exhibits a steady state for 20 s and later,
when the sensor is exposed to rapid cyclic change of %RH,
the average response time and recovery time of the resistive
sensor have been evaluated to be *35 and *57 s,
respectively. Sikarwar et al [60] have recently reported the
response and recovery times as high as 71 and 86 s,
respectively, for metal oxide nanocomposite (CeO2–
Gd2O3–CoO) thin film-based humidity sensor.
Table 1 draws a comparison between the sensing
parameters of the proposed TDTBPPNi-based relative
humidity sensor and the previously noteworthy organic
semiconductors-based humidity sensors reported in
literature.
Figure 11 indicates the optical microscope image of the
gap between the electrical contact pads. The pinholes in
aluminium thin film are also observable in the optical
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Figure 11. Optical microscope image of the gap between thin
film aluminium electrodes.

microscope image. Rahmatollahpur et al [72] have previously reported that dust on the substrate may be the primary
factor responsible for the formation of these pinholes, which
prohibits the formation of aluminium layer on these
locations.

4.

Conclusion

Metalloporphyrin (TDTBPPNi) has been judiciously
selected as an active layer since its morphological characterization reveals void-patterned, rough and globular
surface morphology. Further, the photophysical characterization of the active layer has been performed via UV–Vis
characterization which depicts the characteristic absorption
of S and Q bands of metalloporphyrin macromolecules, in
near UV (380–470 nm) and visible (510–650 nm) regions of
the spectrum, respectively. With the increase in %RH from
39 to 85%, capacitance of the fabricated sensor has been
increased by 107.37, 110.00 and 57.83 times at operational
frequencies of 200 Hz, 1 and 10 kHz, respectively. The
sensitivity of the sensor in resistive mode of operation has
been estimated to be 333.07, 242.65 and 85.66 kΩ/%RH, at
200 Hz, 1 and 10 kHz operating frequencies, respectively.
The sensing mechanism of the capacitive sensor may safely
be ascribed to the variation in the dielectric constant values
of humid and desiccated active layer, whereas the resistive
sensing mechanism may be attributed to the vigorous
hydrolysis reaction and proton conductivity model according to Grothus mechanism.
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