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Abstract 
 

Herein, a humidity sensor with enhanced sensitivity based on newly prepared chalcogenide glassy alloys thin films was 
fabricated. Two different chalcogenide glassy alloys, i.e. (Ge11.5Te12.5Se67.5)100 and (Ge11.5Te12.5Se67.5)90Sb10 were prepared, 
characterized and finally used to fabricate impedance-based humidity sensors at different frequencies. The fabricated 
humidity sensors based on (Ge11.5Te12.5Se67.5)100 and (Ge11.5Te12.5Se67.5)90Sb10 thin films exhibited high sensitivities of ~8.522 
MΩ/%RH and 9.280 MΩ/%RH, respectively. Compared with other humidity sensors based on metal oxides and other 
nanocomposites, the fabricated humidity sensors based on (Ge11.5Te12.5Se67.5)100 and (Ge11.5Te12.5Se67.5)90Sb10 thin films 
demonstrated better sensing properties. Moreover, the fabricated sensors revealed faster response and recovery times. The 
response and recovery times for the fabricated humidity sensor based on (Ge11.5Te12.5Se67.5)100 were 30s and 44s, respectively 
while the (Ge11.5Te12.5Se67.5)90Sb10 chalcogenide thin film-based humidity sensor shows 28 s response and 34 s recovery times. 
Based on the perceived results, it can be concluded that the newly prepared chalcogenide glassy alloys thin films based on 
(Ge11.5Te12.5Se67.5)100 and (Ge11.5Te12.5Se67.5)90Sb10 are promising materials to fabricate high-sensitive humidity sensors for 
variety of applications.  
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1. Introduction  

The most essential component of life on earth is water which 

exists in two different forms viz. moisture which is liquid 

(condensed) form and humidity which refers to gaseous phase 

of water.[1-2] The highly reactive dipolar molecules of water 

gets evaporated or condensed from surface even in slight 

variation of environmental temperature.[3] Hence, humidity 

has control on various environmental phenomena. Control and 

measurement of humidity in the environment have great 

importance in agricultural productions, industrial processes, 

and research experiments.[4] Based on various mechanisms 

like resistance, capacitance different types of sensors have 

been developed.[5-7] The everfast progress in science and 

technology now a day requires humidity sensors having better 

sensitivity, faster response, wider sensing range, lower cost, 

and shorter recovery time. Much efforts have been done to 

prepare highly sensitive materials and novel devices for 

solving such issues.[8,9]  

Chalcogenide glasses (ChG) are used in a wide range of 

technological applications because of their excellent 

properties such as optical transparency, large glass-forming 

ability, high chemical durability and so on.[10] In comparison 

to other crystalline chalcogenide glasses have properties like 

easier shaping, stability over time that makes it an interesting 

candidate for sensor application.[11] The high transmission of 

chalcogenides glasses in infrared region makes them suitable 

candidates for active and passive IR devices.[12] Among all 

chalcogenide glasses studied earlier, Ge-Te-Se, Ge-Te-As-Se, 

As-Se, Ge-Se-I are most promising materials which are widely 

used for mid IR sensor applications.[13] Different types of 

sensors like chemical sensor, radiation sensor, gas sensor, 
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biological sensor etc are already studied for chalcogenide 

glass membranes. For example, Yoo et al. had studied As2S3 

as respiratory sensor that can operate in low-temperature range 

of 7 to 127 ˚C.[14] Chalcogenide glasses also have property to 

transform photoelectric phenomenon and could create 

junction once contacted with metal, thus can be utilized as 

image sensors.[15,16] Mitkova et al. have studied Ge-Se-Ag as 

radiation sensor because of its flexible atomic structure and 

radiation induced phenomenon.[17] The graphene based three-

layer sensor was studied by Sharma et al. for testing 

hemoglobin concentration in blood of human using 

chalcogenide optical fiber as As40S60 for core and 

Ge20Ga5Sb10S65 for cladding.[18]  

Recently, chalcogenide glasses are also used as membrane 

materials for the fabrication of chemical sensors, gas sensors, 

multi sensors and micro-sensors systems.[19] Because of the 

chemical stability, better redox performance, better selectivity, 

reproducibility and longer life time, the chalcogenide glasses 

are one of the important and fascinating materials for various 

sensor applications. Legin et al. demonstrated the fabrication 

and characterization of chalcogenide glasses based chemical 

sensors for the efficient determination of chromium (VI), iorn 

(III), copper (II), cadmium, mercury, and lead.[20] 

Chalcogenide glasses based thin film ion selective chemical 

sensor for the determination of heavy metal ions was 

developed and reported by Tomova et al.[21] Mourzina et al. 

reported the chalcogenide glasses thin film with different 

systems, i.e. Tl–Ag–As–I–S, Ag–I–As–Se, Ag–I–As–S, Cd–

Ag–As–I–S, Cu–Ag–As–Se–Te, and Ag–As–Te–Se based 

micro-sensors for the selective determination of copper, 

cadmium and thallium.[22] Solid state electrochemical sensor 

based on chalcogenide glasses for the selective determination 

of Cu(II) and Pb(II) ions was reported by A. E. Owen.[23] 

Complex (As2S3)100−x(AgI)x chalcogenide glasses-based gas 

sensors for the determination of various gases such as water, 

methanol, isopropanol and acetone were fabricated by Kolev 

et al. and it was observed that the made-up gas sensor 

exhibited highest sensitivity towards acetone gas compared to 

other examined gases.[24] Even though chalcogenide glasses 

are widely used for variety of applications, but to the best of 

our understanding, these materials are rarely used for humidity 

sensing applications. Moreover, the humidity sensors also 

encountered with several other glitches which include their 

long response and recovery times, low-sensitivity, and 

detection range in the narrow region. Thus, to overcome such 

problems, there is a serious need to develop a new humidity 

sensor which possess high sensitivity, low response and 

recovery times with a reasonable detection range.  

Herein, we present the fabrication and characterization of 

two new chalcogenide glassy alloys, i.e. (Ge11.5Te12.5Se67.5)100 

and (Ge11.5Te12.5Se67.5)90Sb10 based humidity sensors. To the 

best of our understanding, this is first ever report on the 

fabrication of humidity sensor based on (Ge11.5Te12.5Se67.5)100-

xSbx chalcogenide thin films. The detailed characteristics of 

the fabricated humidity sensors were studied and presented in 

this paper.  

 

2. Experimental section 

2.1. Bulk material 

The bulk samples of (Ge11.5Te12.5Se67.5)90Sb10 and 

(Ge11.5Te12.5Se67.5)100 glassy alloys were formulated by the 

standard melt-quenching technique as reported earlier.[25] In 

summary, precise proportions of high purity (99.999%) 

metallic powders of germanium (Ge), Tellurium (Te), 

Antimony (Sb) and Selenium (Se), were mixed well, in 

accordance to the atomic weight percentages, and transferred 

in ampoules and sealed under high vacuum, i.e. 10-6 Pa. The 

sealed ampoule was then transferred to a special furnace and 

heated at 900 °C with the heating rate of 4°C/min for 10 h. 

Continuous rotation of ampoule was done during the reaction 

in order to maintain the homogeneity of the reactant powders. 

After the desired reaction time, the ampoule was melt-

quenched in ice cool water for solidification. Fig. 1 exhibits 

the typical synthesis process of prepared (Ge11.5Se67.5Te12.5)100 

chalcogenide bulk material.  

 
Fig. 1 Typical synthesis process of (Ge11.5 Se67.5 Te12.5)100 chalcogenide material. 
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2.2. Preparation of sensing membrane 

Thin films of prepared chalcogenide material were obtained 

with vacuum thermal evaporation unit (vacuum equipment 

company, Noida, India) inbuilt with quartz crystal monitor. 

The glass substrate was cleaned with methanol and acetone, 

sequentially in order to remove impurities and then dried in 

the laboratory oven for drying. After cleansing, the substrate 

was placed in the stand under the vacuum thermal evaporation 

unit. The bulk sample of (Ge11.5Te12.5Se67.5)100 and 

(Ge11.5Te12.5Se67.5)90Sb10 was crushed in the mortar to obtain a 

fine powder which was used as a source material for the 

deposition of thin film. A clean glass slide was used as 

substrate for the deposition of chalcogenides. Thermal 

evaporator was used to deposit the chalcogenides over the 

glass substrates. For the thin film growth, the fine powder was 

put in the molybdenum boat and glass substrate was placed 

above it in the thermal evaporator chamber. After this 

arrangement, the chamber pressure was down to 10-6 Pa. 

During the deposition, the substrate temperature was 100 °C. 

The thickness of the thin film was measured by Quartz Crystal 

Digital Thickness Monitor DTM-200.  

 

2.3 Sensing setup 

The typical humidity sensing set up consists of a glass 

chamber to obtain a controlled humid atmosphere. A 

hygrometer (model: HTC -1) was used to measure the level of 

humidity in %RH. Saturated K2SO4 was used as a humidifier 

and saturated KOH for the dehumidifier in the humidity 

chamber. For measuring impedance Wayne Kerr Precision 

Component Analyzer, 6440B was used in the sensing setup 

that gives impedance in range 0.01 mΩ to > 2 GΩ. An 

impedance analyzer with two copper wires was connected to 

the sensing element that was fixed with 1 mm width of 

silver electrodes with 3 mm spacing.  

 

2.4. Characterization techniques 

Various characterization techniques have been used to 

investigate the structural and optical characteristics of the 

chalcogenide sensing element. X-ray diffraction (XRD: 

Rigaku mini flex 600) using Cu-Kα radiation (λ=1.54 Ǻ) with 

step size 0.02º in the range of 10º to 80º diffraction angle was 

used to study the crystallographic and formation phases of the 

sensing films. Scanning electron microscopy (SEM: Zeiss 

EVO40) was used to study the morphologies of the prepared 

thin films. The optical properties were examined by UV-Vis 

absorption spectrophotometer (model: UV5704SS) in the 

range of 300 to 1000 nm.  

 

3. Results and discussions  

3.1 Characterizations and properties of 

(Ge11.5Te12.5Se67.5)90Sb10 and (Ge11.5Te12.5Se67.5)100 

chalcogenide glasses 

Fig. 2 exhibits the typical XRD patterns of 

(Ge11.5Te12.5Se67.5)90Sb10 and (Ge11.5Te12.5Se67.5)100 

chalcogenide glasses. The observed diffraction patterns 

exhibited two broad halos which confirms the amorphous 

network and long-range structural disorder in the prepared 

chalcogenide glasses. The result shows that all samples were 

amorphous regardless of change in the chemical composition 

of the samples. 

 
Fig. 2 XRD patterns of (Ge11.5 Te12.5 Se67.5)90 Sb10 and (Ge11.5 Te12.5 

Se67.5)100 chalcogenide glasses. 

 

Figs. 3(a-b) demonstrate the surface morphologies of the 

(Ge11.5Te12.5Se67.5)100 and (Ge11.5Te12.5Se67.5)90Sb10 

chalcogenide glasses which are coded as X-0 and X-10, 

respectively. The inhomogeneity of the powder and the glassy 

nature of the material can be seen from the SEM analysis. It is 

obvious from the morphology that due to the glassy nature we 

have not observed any crystalline-like nature which is also 

confirmed from the XRD analysis. The performance of 

humidity sensors is not only based on the morphological 

characteristics of the deposited films but also the metals such 

as germanium, tellurium, selenium, and antimony play a major 

role in the humidity sensing performance. Germanium has 

moderately wide, indirect energy gap (0.7 eV) and also have 

complex band edge structure that makes the, important 

candidate for IR applications. Selenium is considered as a 

suitable material for the IR devices due to its exceptional 

properties like superconductivity, piezoelectricity, catalytic 

activities, anisotropy of thermo-conductivity, 

thermoelectricity, and nonlinear optical responses. 

Tellurium based glasses have transparency to infrared 

radiation which increases towards smaller wavenumbers. 

Antimony increases the sensitivity because of its metallic 

properties. Since germanium, tellurium, selenium, and 

antimony are the metals which have electropositive nature. 

Presence of these metal ions acts as an active site for the 

interaction with water molecules and responsible for 

formation of initial chemisorbed layer.  

The elemental composition of the prepared films was 

examined by energy dispersive spectroscopy (EDS) and 

results are demonstrated in Figs. 3(c-d). The observed EDS 

spectra of the prepared samples confirmed that all constituent 

elements are present in the same stoichiometry following 

theoretical composition in the sample prepared by  
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Fig. 3 (a) SEM micrograph of (Ge11.5 Se67.5 Te12.5)100 (b) (Ge11.5 Se67.5 Te12.5)90 Sb10 chalcogenide glassy alloy (c) EDX spectra of 

(Ge11.5 Se67.5 Te12.5)100, and (d) (Ge11.5 Se67.5 Te12.5)90 Sb10 chalcogenide glassy alloy. 

 

Table 1. EDS data of (Ge11.5 Se67.5 Te12.5)100 and (Ge11.5 Se67.5 Te12.5)90Sb10 chalcogenide glassy alloy. 
Composition Germanium 

wt % 

Selenium 

wt % 

Tellurium 

wt% 

Antimony 

wt% 

x=0 2.40 66.10 31.49 0.00 

x=10 2.01 66.73 29.06 2.20 

 

melt quench technique.[26] The quantitative results are listed in 

Table 1 that shows atomic percentage of prepared composition 

is nearly equal to required stoichiometry of the materials. 

Figs. 4 and 5 shows the absorbance spectra with its 

corresponding Tauc plot for prepared (Ge11.5Te12.5Se67.5)100 

and (Ge11.5Te12.5Se67.5)90Sb10 chalcogenide sensing elements. It 

is clear from the observed absorbance spectra that our sensing 

element can exhibit absorption in the wavelength range of 

300-1000 nm. Insets of Figs. 4 and 5 exhibit the change in 

optical absorption coefficient (α) with respect to photon 

energy (hν) which was calculated from absorbance and 

wavelength data. For obtaining the value of optical bandgap 

(Eg) of prepared sensing material we have used the following 

relation:[25]                                                                            

𝐸𝑔 = ℎ𝜈 − (𝛼ℎ𝜈)
1

𝑛               (1) 

where ν represents transition frequency and n defines the 

characteristics of band transition. The band transition is called 

direct and indirect allowed transition for n=1/2 and n=2 

respectively while n=3/2 and n=3 correspond to direct and 

indirect forbidden transitions respectively. In our case the best 

fit for the curve comes from n=1/2 hence there is direct 

allowed transition in the prepared chalcogenide sensing 

element. The optical bandgap was obtained by extrapolating 

the graph at hν→0 which is 1.45 eV for (Ge11.5Te12.5Se67.5)100 

and 1.56 eV for (Ge11.5Te12.5Se67.5)90Sb10 that means the 

addition of Sb increases the bandgap of sensing elements.[27] 

 
Fig. 4 Absorbance and Tauc plot of (Ge11.5 Te12.5 Se67.5)100 

chalcogenide sensing element. 
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Fig. 5 Absorbance and Tauc plot of (Ge11.5 Te12.5 Se67.5)90Sb10 

chalcogenide sensing element. 

 

3.2 Humidity sensing applications of 

(Ge11.5Te12.5Se67.5)90Sb10 and (Ge11.5Te12.5Se67.5)100 

chalcogenide glasses 

Figs. 6(a-b) and Figs. 7(a-b) show the variation of impedance 

corresponding with the relative humidity and the impedance 

for increasing and decreasing mode at a wide frequency range 

i.e. from 102-105 Hz. It should be noted that the impedance 

value decreases at a given frequency with an increase in %RH, 

but increases with the decrease in frequency.[28,29] As per the 

nature of the curve of Figs. 6(a) and Fig. 7(a) for frequency 

100 Hz, it has been divided into three regions 10-25 %RH, 25-

50 %RH, and 50-95 %RH. The corresponding sensitivities of 

(Ge11.5Te12.5Se67.5)100 chalcogenide sensing element was found 

as 13.865 MΩ/%RH, 11.220 MΩ/%RH and 0.351 MΩ/%RH 

at room temperature. For the entire range of %RH, the 

observed average sensitivity was ~8.522 MΩ/%RH while for 

(Ge11.5Te12.5Se67.5)90Sb10 sensitivities in the different region 

was found to be 15.565 MΩ/%RH, 11.880 and 0.426 

MΩ/%RH at room temperature and average sensitivity of this 

sample in the entire range of %RH was observed 9.280 

MΩ/%RH. 

Other curves for frequencies 103,104 and 105 Hz show a 

similar nature with the increasing sensitivity. The minimum 

sensitivity of (Ge11.5Te12.5Se67.5)100 was found as 0.019 

MW/%RH at 105 Hz while after adding antimony the 

minimum sensitivity was 0.021 MW/%RH at 105 Hz. 

The sensitivity increases with the inclusion of Sb in the 

matric, which can be attributed to the large number of water 

molecules adsorbed on the surface due to the change in the 

structure, which increases the sample’s conductivity and hence 

the sensitivity increases.[30,31] 

 
Fig. 6 Variation of output power with %RH for observing (a) sensitivity in increasing mode (b) sensitivity in decreasing mode (c) 

ageing effect (d) repeatability of (Ge11.5 Te12.5 Se67.5)100 chalcogenide sensing element.

(a) (b)

(c)
(d)
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Fig. 7 Variation of output power with %RH for observing (a) sensitivity in increasing mode (b) sensitivity in decreasing mode (c) 

ageing effect (d) repeatability of (Ge11.5 Te12.5 Se67.5)90 Sb10 chalcogenide sensing element. 

 

The sensitivity of sensor was calculated from the following 

formula: [32] 

𝑆 =
𝐹𝑖𝑛𝑎𝑙 𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒−𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒

{Final %RH−initial %RH} 
 MΩ/%RH   (2) 

Figs. 6(a, b) and Figs. 7(a, b) depict the variations of 

impedance with increasing and decreasing %RH i.e. during 

the adsorption and desorption of moisture at frequency 100Hz. 

The repeatability of (Ge11.5Te12.5Se67.5)100 and 

(Ge11.5Te12.5Se67.5)90Sb10 chalcogenide sensing element was 

calculated as 95.05% and 96.25% respectively as shown in Fig 

6(d) and Fig. 7(d), respectively. 

The chalcogenides material shows the outstanding 

humidity sensing properties with good response and recovery 

time. Because of the high surface to volume ratio, the 

absorption and desorption capacity also increases and the 

material is dominant for the interaction between the material 

and water molecules which is responsible for better sensitivity. 

Adsorption is a process in which surface particles are exposed 

partially to attract other particles at their sites and is a 

consequence of surface energy while desorption is a process 

in which there is a release of one substance to the other from 

the surface.[32,33] The comparative study of the material for 

electrical humidity sensing is depicted in Table 2. 

For an ideal sensor, other parameters are also very 

important. The response time is defined as the time when the 

sensor achieved (10 to 95) %RH and recovery time is when 

the senor recovers its initial position (95 to 10) % RH. From 

Fig. 8 and Fig. 9, it is evident that the response and recovery 

at 100 Hz frequency of (Ge11.5Te12.5Se67.5)100 are the 30s and 

44s while for (Ge11.5Te12.5Se67.5)90Sb10 was found to be 28s 

and 34s respectively. The aging effect was also observed in 

Fig. 6(c) and Fig. 7(c) at 100 Hz frequency. After 1 week, 1 

month, 2 months and 3 weeks, we can see that the aging can 

be significantly observed at low and mid humidity regime 

 

Table 2. Sensitivity, ageing effect, repeatability, response and recovery time of (Ge11.5Se67.5 Te12.5)100 and (Ge11.5 Se67.5 Te12.5)90 Sb10 

chalcogenide sensing element. 
Sensing element Frequency Average sensitivity 

MΩ/%RH 

Repeatability Response time Recovery time 

X=0 102 Hz 8.522 95.05% 30 s 44 s 

X=10 102 Hz 9.280  96.25% 28 s 34 s 

(a) (b)

(c)

(d)
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Fig. 8 Dependence of output power (a) with time to obtain response and recovery time (b) with %RH to obtain response data of 

(Ge11.5 Te12.5 Se67.5)100 chalcogenide sensing element. 

but it is found negligible at high relative humidity. The 

normalized sensor response is also calculated by using the 

formula:[34]  

         R =
∆R

R0
× 100                (3) 

where R is normalized response and ΔR is the response change 

in impedance between the dry atmosphere and different %RH. 

The value of R square was found as 0.997 for (Ge11.5Te12.5 

Se67.5)100 and 0.990 for (Ge11.5Te12.5Se67.5)90 Sb10 by using 

exponential fitting of the response data as shown in Fig. 8(b) 

and Fig. 9(b).  

The prepared humidity sensors based on 

(Ge11.5Te12.5Se67.5)100 and (Ge11.5Te12.5Se67.5)90Sb10 

chalcogenide glassy alloys exhibited excellent sensing 

properties compared to other humidity sensors fabricated 

based on metal sulphides, oxide and other nanocomposites.[35-

42] (Ge11.5Te12.5Se67.5)100 and (Ge11.5Te12.5Se67.5)90Sb10 

chalcogenide glassy alloys-based humidity sensors 

demonstrated better sensing properties and shows faster 

response and recovery times. Table 3 shows the sensing 

properties of previously studied materials for humidity sensing 

applications. 
 

Table 3. Comparative study on the sensing performance of reported humidity sensors fabricated based on various material. 

Materials Sensitivity Response and recovery time Ref. 

VS2 nanosheets 0.70 MW/%RH 40/50 s [35] 

ZnO/TiO2 core shell 0.89 MW/%RH 774.9/ 19.7 s [36] 

MoS2 Quantum dots 2.21 MW/%RH 14/172 s [37] 

Ni(NO3)2(AAm)4·2H2O 0.37 MW/%RH 15.1/75.2 s [38] 

HEC/ PVDF 0.19 dB/%RH - [39] 

Ag/TiO2 0.92 MW/%RH - [40] 

CZTS 0.10 MW/%RH 46/80 s [41] 

Hollow MoS2 micro@nanospheres 0.32 nF/% RH  140 /80 s [42] 

(Ge11.5Se67.5Te12.5)100 and (Ge11.5Se67.5Te12.5)90 Sb10 

glassy thin films 

8.52 and 9.28 

MW/%RH 
30/44 s and 28/34 s 

Present 

paper 

 
Fig. 9 Variation of output power (a) with time to obtain response and recovery time (b) with %RH to obtain response data of (Ge11.5 

Te12.5 Se67.5)90 Sb10 chalcogenide sensing element.
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Fig. 10 Diagram explaining Grotthuss chain reaction in (Ge11.5 Te12.5 Se67.5)100 and (Ge11.5 Te12.5 Se67.5)90 Sb10 chalcogenide sensing 

material. 

 

3.3. Humidity sensing mechanism 

Water is a polar molecule, which easily interacts with the 

surface of the material. The humidity sensing mechanism is 

explained by the Grotthuss chain reaction as shown in Fig. 10. 

According to this phenomenon, initially, if the sensing film is 

free from water molecules i.e., in a dry condition then no 

change was observed in impedance.[43,44] However, the water 

molecules begin to interact with the surface of the sensing 

material when humidity is revealed in the humidity control 

chamber, and it splits into two sections, i.e., OH¯ (hydroxyl) 

and H+ ions (protons). When the metal (M+) ions interact with 

a hydroxyl group then because of electrostatic force chemical 

bonding between the hydroxyl and protons ions, very high and 

the chemisorbed layer is formed. Protons have highly hopping 

power which connects to the surface side by side and H3O+ 

(hydronium) ions are formed and increase the conductivity of 

the sensing material which is responsible for sharp change in 

impedance while at low humidity exposure, the highest 

impedance value was found as shown in Fig. 10.[45,46]  

The hydroxyl group was developed on the first physisorbed 

layer in the mid humidity region, which is possible due to 

weak Wander walls forces, so minor impedance changes were 

noticed and less sensitivity was observed in this region.[47] The 

second physically absorbed layer was then generated in the 

high humidity zone, and the capillary acts like condensation. 

So small proton ions are formed, resulting in the smallest 

impedance change and thus less sensitivity is observed in this 

area.[48,49] 

 

4. Conclusion  

In summary, high-performance impedance-based frequency 

dependent humidity sensors were prepared by two newly 

prepared chalcogenide glasses, i.e. (Ge11.5Te12.5Se67.5)90 Sb10 

and (Ge11.5Te12.5Se67.5)100. The crystal structure and 

morphologies of the prepared chalcogenide glasses were 

confirmed by XRD and SEM analysis. The average sensitivity 

of prepared glasses was found to be 88.522 MΩ/%RH and 

9.280 MΩ/%RH at a frequency of 100 Hz. The repeatability 

of fabricated sensors was measured as 95.05% and 96.25% for 

x= 0 and 10, respectively, which indicates that the sensitivity 

of sensing material enhances as the Sb concentration increases. 

The response and recovery time for (Ge11.5 Te12.5 Se67.5)100 were 

30s and 44s respectively while for (Ge11.5 Te12.5 Se67.5)90Sb10 it 

was calculated as 28 s and 34 s respectively. The aging effect 

can be significantly observed at low and mid humidity regime 

but it is found negligible at high relative humidity. 
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