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In this study, the effect of Ag content and annealing temperature on the electrical 
properties of polycrystalline (Cu1-xAgx)2ZnSnSe4 thin films and the C-V 
characteristics of Al/n-CdS/p-CAZTSe/n-Si/Al heterojunction diodes are 
investigated. The Ag content (x) and the annealing temperature (Ta) were chosen to 
be (0.0, 0.1, and 0.2) and (373 and 473) K, respectively. The results showed that all 
the prepared thin films exhibit p-type conductivity and that the hole concentration 
decreases with increasing x and Ta. Additionally, the width of the depletion region 
and the potential barrier of all the manufactured diodes, which are of the abrupt 
type, increase with the increase of x and Ta. 
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1. Introduction 

The indium-free quaternary chalcogenide, 

Cu2ZnSnSe4 (CZTSe), is of significant interest for 

potential applications in optoelectronics and 

photovoltaics [1,2] due to its advantageous 

properties such as a suitable direct energy gap, high 

absorption coefficient, non-toxicity, and the 

abundance of its constituent elements. The electrical 

characteristics of CZTSe can be modified through 

alterations in stoichiometry and/or appropriate 

doping [3-6]. CZTSe possesses various inherent 

defects, including interstitials, vacancies, and 

antisite defects, which are classified as either 

electron acceptors or electron donors [7] depending 

on the valence of the elements involved. Due to their 

low formation energy, CuZn antisite defects, which 

act as acceptor defects, are predominant in CZTSe 

[8]. This predominance is attributed to the similar 

ionic radii of Cu and Zn, which are 0.91Å and 

0.88Å, respectively, resulting in CZTSe typically 

exhibiting p-type conductivity [9]. To enhance the 

physical properties of the quaternary compound 

Cu2ZnSnSe4, it is crucial to reduce the density of 

CuZn acceptor defects. Ag is a promising candidate 

to replace Cu due to its atomic radius being about 

16% larger than that of Cu and its membership in the 

same chemical group as Cu [10,11]. The substitution 

of Cu with Ag on the Cu-sublattice decreases the 

CuZn defect density since the formation energy of 

AgZn defects (3.1 eV) is higher than that of CuZn 

defects (1.41 eV) [12]. Cu2ZnSnSe4 thin films can be 

prepared using both vacuum and non-vacuum 

techniques. In the vacuum technique, various 

deposition parameters can be controlled to achieve 

the desired crystalline quality and stoichiometric 

ratio [13,14]. 

 

2. Experimental Procedure 

To investigate the electrical properties of thin 

CAZTSe films deposited on corning glass substrates 

and Al/CdS/CAZTSe/Si/Al HJDs, several steps were 

followed. (Cu1-xAgx)2ZnSnSe4 alloys with varying 

Ag content (x= 0.0, 0.1, and 0.2) were prepared as 

detailed in our previous paper [15]. The glass 

substrates were cleaned both chemically and 

ultrasonically using a cleaning solution, distilled 

water, ultrasonic detergent, and alcohol with 

99.999% purity. The single crystal Si wafer 

substrates with (111) orientation were carefully 

cleaned by immersing and stirring them in a diluted 

hydrofluoric acid (HF) solution (1:10 with distilled 

water) for 10 minutes to remove the oxide layer 

formed due to environmental exposure. Next, the 

substrates were rinsed with distilled water for a few 

minutes and then dried with hot air. To perform 

electrical measurements of CAZTSe thin films and 

their fabricated heterojunction diodes, 200 nm thick 

aluminum electrodes were deposited using a thermal 

evaporation technique with a spiral tungsten boat. 

Prior to deposition, masks made from thick 

aluminum foil were placed on the glass substrates to 

define the electrode shapes. Additionally, a thin 

layer of aluminum was deposited on the anti-

reflective side of the Si substrates. An appropriate 

amount of prepared CAZTSe alloy powder, 

depending on the value of x, achieving the required 
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thickness of 800 nm was placed in a molybdenum 

boat equipped with a cover with suitable holes to 

prevent diffusion of the material during the 

evaporation process. The boat was installed between 

two electrodes in the vacuum chamber and at a 

distance of 18 cm from the metal substrate holder. 

When the pressure inside the vacuum system 

reached 10-5 torr, an electric current was passed 

through the boat gradually, and when the 

temperature of the boat reached the point of powder 

evaporation, the deposition process began at a rate of 

0.53 nm/s on both types of substrates, (Al-

electrodes/glass) and (n-Si/Al-thin layer), and after 

the entire material evaporated, the current was 

gradually reduced to zero. After this process we 

obtained CAZTSe/electrodes/glass and CAZTSe/n-

Si/Al structures, respectively. The same steps were 

used to grow thin CdS films on CAZTSe/Si/Al 

structures with thickness of 100 nm and deposition 

rate of 0.3 nm/s using ready-made CdSe alloy 

powder which provided from Balzers Company with 

high purity of 99.999%. The prepared samples were 

left under high vacuum for one day. Some samples 

were annealed at 373 and 473 K under vacuum for 

one hour. Finally, Al front electrodes were deposited 

on CdS/CAZTSe/Si/Al structures using appropriate 

masks. This represents the final step to complete the 

fabrication of CAZTSe HJDs. 

The electrical properties of thin CAZTSe films 

were studied using d.c. conductivity and Hall Effect 

measurements. For d.c. measurements, electrical 

resistance was measured as a function of 

temperature for different values of x and Ta, within 

temperature range 318-488 K, using a Keithley 616 

model. The resistivity of these films was obtained 

using the following equation [16]: 

𝜌 =
𝑅𝐴

𝐿
      (1) 

where R and A are the film resistance and cross-

sectional area, respectively and L is the distance 

between the electrodes. Additionally, the 

conductivity can be expressed as [17]: 

𝜎𝑑.𝑐 =
1

𝜌
     (2) 

The activation energies (Ea1 and Ea2) were 

calculated using Arrhenius equation [18]:  

𝜎𝑑.𝑐 = 𝜎𝑜 exp (−
𝐸𝑎

𝑘𝐵𝑇
)   (3) 

where 𝜎𝑜 is a constant, kB is a Boltzmann’s constant 

and T is an absolute temperature. Hall Effect 

measurements were conducted using two Keithley 

models 616 to measure Hall voltage (VH) as a 

function of current (I) at a constant magnetic field 

(B) 
Hall coefficient (RH), holes concentration (P), 

and Hall mobility (µH) were determined using the 

relationships below, respectively [17]: 

𝑅𝐻 = (
𝑉𝐻

𝐼
)(

𝑡

𝐵
)    (4) 

where t is the thickness of thin films 

𝑃 =
1

𝑞𝑅𝐻
     (5) 

where q is an electron charge 

µ
𝐻

=
|𝑅𝐻|

𝜌
= |𝑅𝐻|𝜎   (6) 

For capacitance-voltage (C-V) measurements, 

the capacitance of all Al/CdS/CAZTSe/Si/Al 

heterojunction diodes was examined in the dark at 

fixed frequency of 100 kHz as a function of reverse 

bias voltage in the range of 0.1-2 V using LCR 

meter of type Gwinstek 8105G. 

The capacitance per unit area and the width of 

the depletion region of the HJDs were estimated 

using the following equations [17,19]: 

𝐶𝑗 =
𝐶

𝐴𝑗
= [

𝑞Ԑ𝑛Ԑ𝑝𝑁𝑑𝑁𝑎

2(Ԑ𝑛𝑁𝑑+Ԑ𝑝𝑁𝑎)
]

1

2
(𝑉𝑏𝑖 − 𝑉)−

1

2 (7) 

where Ԑn and Ԑp are the permittivity of n and p–type 

semiconductors, respectively, Na and Nd are the 

acceptor and donor concentrations, respectively, Vbi 

is the junction built-in potential, and V is the applied 

voltage in reverse bias 

𝑊 =
Ԑ𝑠

𝐶0
     (8) 

where C0 is the capacitance of diode at zero bias 

voltage, and Ԑ𝑠 is the semiconductor permittivity for 

the two semiconductor materials, given by the 

following equation: 

Ԑs =
ԐnԐp

Ԑn+Ԑp
    (9) 

 

3. Results and Discussion  

Figure (1a-c) shows the variation of d.c. 

electrical conductivity (σd.c) with temperature (T) in 

the form of Lnσ as a function of 1000/T plots for as 

deposited and annealed thin (Cu1-xAgx)2ZnSnSe4 

films with different Ag content. It can be seen from 

this Figure that the d.c. conductivity of all examined 

samples increases with increasing the temperature in 

the range RT-488K, this means that all samples have 

a negative thermal coefficient with resistivity and 

this is an essential property of semiconductor [20-

22]. The plot of Lnσd.c versus 1000/T are not 

completely linear and showing two clear different 

regions and the activation energies Ea1, Ea2 are 

calculated from the slopes of the curves in both 

regions using formula (3). The presence of two 

activation energies in thin CAZTSe films confirms 

the polycrystalline nature for these films. The first 

activation energy (Ea1) occurs at relatively higher 

temperature within the range 348-488K. The 

conduction mechanism of Ea1 is due to carriers 

excited beyond the mobility edges into extended 

states, while the second activation energy (Ea2) 

occurs at relatively lower temperature within the 

range 318-348K, and the conduction mechanism of 

this stage is due to carriers transport to the localized 

states near the valence and conduction band edge 

[23]. Table (1) displays the values of the two 

activation energies and the electrical conductivity of 

thin CAZTSe films with different Ag content and 

annealing temperature. It is evident that the values of 

Ea1 and Ea2 are decreased with increasing x and Ta. 

The decreasing in the activation energy with 

increasing x and Ta is expected because the energy 
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gap decreases with increasing x value and Ta as 

reported in our previous paper [4] which in turn led 

to an increase in the electrical conductivity of the 

thin films with increasing x content and Ta. 

 

 
 

 
 

 
 

Fig. (1) Lnσ vs. (1000/T) for as deposited and annealed 

CAZTSe thin films at (a) x=0.0, (b) x=0.1 and (c) x=0.2 

 

As complementary work, the Hall measurements 

have been used to determine the charge carrier type, 

concentration and Hall mobility for as deposited and 

annealed CAZTSe thin films with different Ag 

content using Eqs. (4), (5) and (6), respectively and 

the results are listed in table (2). As seen from table 

(2), the sign of Hall coefficient (RH) is positive 

which means that all the samples exhibit p-type 

conductivity, i.e., holes are predominant in the 

conduction process. This result agrees with the 

previous studies [24-28] where they confirmed that 

the pure Cu thin films show p-type conductivity. 

While, Henry et. al. [26] confirmed that the 

conductivity of CAZTSe films remains of p-type 

even after adding Ag with content less than 50%. 

The natural p-type behavior of CZTSe is attributed 

to its acceptor intrinsic point defects especially CuZn 

accepter antisite defects which are produced in high 

concentration due to the similarity of Cu and Zn 

ionic radius, which results in low formation energy 

[29-31]. 

 
Table (2) Electrical parameters from Hall effect 

measurements for CAZTSe thin films with different Ag 

content and annealing temperature 

 

x 
Ta 

(K) 
RH 

(cm3/C) 
PH*1017 
(cm-3) 

µH 
(cm2/V.s) 

0.0 

R.T 7.0263 8.8951 0.0792 

373 7.2812 8.5837 0.1068 

473 7.5891 8.2354 0.1708 

0.1 

R.T 9.0242 6.9258 0.6354 

373 9.2893 6.7281 0.8397 

473 9.7607 6.4032 1.4022 

0.2 

R.T 12.1602 5.1397 3.5175 

373 12.5549 4.9781 5.0032 

473 13.0684 4.7825 7.5091 

 

From table (2), it can be noticed that the 

concentration of the charge carriers decreases with 

increasing Ag content and annealing temperature. 

The reduction in holes concentration with increasing 

Ag content can be explained based on the 

corresponding reduction in the acceptor point 

defects density (VCu and CuZn) [32,33]. With 

increasing Ag content, there is less Cu and more Ag 

on the Cu-sublattice and this in turn causes a 

decrease in the density of antisite defects CuZn and 

Vcu. At the same time, the formation energies for 

point defect VAg and AgZn which are 2.14 and 3.1 

eV, respectively [34] are high compared to the 

formation energies for the VCu and CuZn which are 

1.14 and 1.41 eV, respectively [35]. So, Ag occupied 

Cu-sublattice sites are less likely to contribute for 

AgZn and VAg. A similar result was obtained by G. 

Talia et. al. and Douglas et. al. [36,37]. Another 

observation is that the holes mobility increases with 

increasing Ag content and annealing temperature, 

and this can be attributed to the decrease in the holes 

concentration which in turn causes a decrease in the 

number of collisions between them and 

consequently an increase in their mobility (Hall 

mobility is inversely proportional to the 

concentration of the carriers). 

Figure (2a-c) presents the relation between 

inverse capacitance squared for all the prepared 

heterojunction as function of the reverse bias 

voltage. The linearity of 1/C2-V characteristics 

indicates that the junction is an abrupt [38,39]. From 

the intercept of the straight line with x-axis and y-
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axis, the values of Vbi and Co were obtained, 

respectively while the carrier concentration was 

deduced from the slope of the straight line using Eq. 

(7). Finally, the depletion region width was 

calculated using Eq. (8). 

 

 
 

 
 

 
 

Fig. (2) Variation of C-2 as a function of applied voltage (V) 

for (a) as-deposited, (b) Ta=373K and (c) Ta=473K 

Al/CdS/(Cu1-xAgx)2ZnSnSe4/Si/Al heterojunction 
 

The obtained results are listed in table (3). It is 

clear that the increases in both Ag content and 

annealing temperature led to a decrease in the carrier 

concentration, which in turn decrease the zero bias 

capacitance and increase the value of the built-in 

potential and the depletion region width. The 

calculated carrier concentration is smaller than that 

obtained from Hall Effect measurement. This 

difference is attributed to the different measurement 

method [40], or it may be attributed to the 

occurrence of the diffusion process, which confirms 

the formation of the junction. A thicker depletion 

region is preferred to separate photo generated e-h 

pairs but causes high resistivity [40,41]. 

 
Table (3) C-V measurement Parameters for as deposited and 

annealed Al/CdS/(Cu1-xAgx)2ZnSnSe4 /Si/Al heterojunction 

 

NP x10^16 
(cm-3) 

W 
(µm) 

Co x10-9
 

(F/cm2) 
Vbi 

(volt) 
Ta 
(K) 

1.228947 0.147660 29.934217 0.52 R.T 

1.194799 0.165620 26.688025 0.6 373 

1.135306 0.183739 24.056261 0.7 473 

0.579702 0.263355 17.190354 0.95 R.T 

0.564877 0.281595 16.112274 1.05 373 

0.550411 0.293199 15.474611 1.1 473 

0.365429 0.387716 11.996929 1.4 R.T 

0.362256 0.397633 11.697706 1.5 373 

0.359188 0.412062 11.288091 1.57 473 

 

4. Conclusions 

The electrical properties of pure copper zinc tin 

selenide (CZTSe) thin films improved after adding 

silver (Ag) with contents of 0.1 and 0.2 and 

annealing at temperatures of 373 K and 473 K. Al/n-

CdS/P-CAZTSe/n-Si/Al heterojunction diodes 

(HJDs) were successfully fabricated using the 

vacuum thermal evaporation technique. The 

capacitance and carrier concentration values of the 

fabricated diodes decreased, while their depletion 

region width and built-in potential values increased 

with increasing Ag content and annealing 

temperature. These results suggest that CAZTSe-

based diodes are a good candidate for the fabrication 

of high-performance heterojunction solar cell 

diodes. 

 

References 

[1] J.J. Wang et al., “Wurtzite Cu2ZnSnSe4 

nanocrystals for high-performance organic–

inorganic hybrid photodetectors”, NPG Asia 

Materials., 4 (2012) e2-e2. 

[2] M.R. Jobayr et al., “Effect of antimony on 

characteristics of HgBa2CaCu2-xSbxO8+δ 

superconducting”, J. Ovonic Res., 18 (2022) 

357-371. 

[3] G.S. Ahmed et al., “Fabrication and 

Improvement of Optoelectronic Properties of 

Copper Chalcogenide Thin Films”, Iraqi J. 

Appl. Phys., 19 (2023) 223-228. 

[4] H.I. Mohammed, I.H. Khdayer and I.S. Naji, 

“Comparing the optical parameters for thin 

CAZTSe films prepared with various Ag ratios 

and annealing temperatures”, AIP Conf. Proc., 

(2021) 2372. 

[5] M.R. Jobayr and E.M-T. Salman, “Bilayer 

MSe2 (M= Zr, Hf, Mo, W) performance as a 

hopeful thermoelectric materials”, J. 

Semicond., 44 (2023) 032001. 

[6] S. Ahn et al., “Determination of band gap 

energy (Eg) of Cu2ZnSnSe4 thin films: On the 



IRAQI JOURNAL OF APPLIED PHYSICS   Vol. 20, No. 4, October-December 2024, pp. 823-828 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   827 

discrepancies of reported band gap values”, 

Appl. Phys. Lett., 97(2) (2010). 

[7] S.H. Wei, “Overcoming the doping bottleneck 

in semiconductors”, Comput. Mater. Sci., 30 

(2004) 337-348. 

[8] S. Chen et al., “Classification of lattice defects 

in the kesterite Cu2ZnSnS4 and Cu2ZnSnSe4 

earth‐abundant solar cell absorbers”, Adv. 

Mater., 25 (2013)1522-1539. 

[9] M.R. Jobayr et al., “Study optoelectronic 

properties for polymer composite thick 

film”, AIP Conf. Proc., 1968 (2018) 030021. 

[10] T. Gershon et al., “Photovoltaic materials and 

devices based on the alloyed kesterite absorber 

(AgxCu1–x)2ZnSnSe4”, Adv. Ener. Mater., 6 

(2016) 1502468. 

[11] S. Chen et al., “Intrinsic point defects and 

complexes in the quaternary kesterite 

semiconductor Cu2ZnSnS4”, Phys. Rev. B, 81 

(2010) 245204. 

[12] J. Henry, K. Mohanraj and G. Sivakumar, 

“Photoelectrochemical cell performances of 

Cu2ZnSnSe4 thin films deposited on various 

conductive substrates”, Vacuum, 156 (2018) 

172-180. 

[13] H.I. Mohammed, I.H. Khdayer and I.S. Naji, 

“The Effect of Ag Content and Heat Treatment 

on Structural and Morphological Properties of 

Thin (Cu1-xAgx)2ZnSnSe4 Films”, Chalcogen. 

Lett., 17 (2020) 107-115. 

[14] R.H. Athab and B.H. Hussein, “Growth and 

Characterization of Vacuum Annealing 

AgCuInSe2 Thin Film”, Ibn Al-Haitham J. 

Pure Appl. Sci., 35 (2022) 45-54. 

[15] C.H. Henry, “Materials and Properties: II-VI 

Compounds”, Pergamon (NY, 1970) 

Science 169.3948. 

[16] K.L. Chopra, “Thin Film Phenomena”, 

McGraw Hill Co. (NY, 1969). 

[17] T.J. Shaffner and W.R. Runyan, 

“Semiconductor Measurements and 

Instrumentation”, McGraw Hill (1998), p. 

141, 96, 78,  

[18] D.K. Schroder, “Semiconductor Material and 

Device Characterization”, John Wiley & 

Sons. Inc. (Canada, 2006), p. 101. 

[19] S.M. Sze and M.K. Lee, “Semiconductor 

Devices: Physics and Technology”, 3rd ed., 

John Wiley & Sons (2012), p. 95 

[20] I.H. Khudayer, “Fabrication of AgInSe2 

heterojunction solar cell”, AIP Conf. Proc., 

1968 (2018). 

[21] S.H. Chaki, K.S. Mahato and M.P. Deshpande, 

“Structural, Electrical, and Thermal Properties 

Study of CVT Grown CuAlS2 Single Crystals”, 

Chinese J. Phys., 52 (2014) 1588-1601. 

[22] R.N. Khoshnaw, “Characteristics of CoO/Si 

Heterostructure Preparedby Plasma-Induced 

Bonding”, Iraqi J. Appl. Phys. Lett., 7(2) 

(2024) 19-22. 

[23] N.F. Mott and E.A. Davis, “Electronic 

processes in non-crystalline materials”, 

Oxford University Press (2012). 

[24] X. Wang et al., “Cu2 ZnSnSe4 nanocrystals 

capped with S2− by ligand exchange: utilizing 

energy level alignment for efficiently reducing 

carrier recombination”, Nanoscale Res. Lett., 9 

(2014) 1-7. 

[25] J. Henry, K. Mohanraj and G. Sivakumar, 

“Photoelectrochemical cell performances of 

Cu2ZnSnSe4 thin films deposited on various 

conductive substrates”, Vacuum, 156 (2018) 

172-180. 

[26] N.E. Naji, “Fabrication and Optoelectronic 

Characteristics of CdSe/Si Heterojunctions by 

Plasma-Induced Bonding”, Iraqi J. Mater., 

3(1) (2024) 39-44. 

[27] B. Panwar, “Enhancement of Current Gain at 

High Collector Current Densities for Silicon-

Germanium Heterojunction Bipolar 

Transistors”, Iraqi J. Mater., 3(2) (2024) 69-

76. 

[28] R.H. Turki and M.A. Hameed, “Spectral and 

Electrical Characteristics of Nanostructured 

NiO/TiO2 Heterojunction Fabricated by DC 

Reactive Magnetron Sputtering”, Iraqi J. 

Mater., 3(3) (2024) 39-44. 

[29] J. Henry, K. Mohanraj and G. Sivakumar, 

“Influence of substrates on the 

photoelectrochemical performances of 

Ag2ZnSnSe4 thin films”, The J. Phys. Chem. C, 

123 (2019) 2094-2104. 

[30] J. Henry, K. Mohanraj and G. Sivakumar, 

“Vacuum evaporated FTO/(Cu,Ag)2ZnSnSe4 

thin films and its electrochemical analysis”, 

Vacuum, 160 (2019) 347-354. 

[31] A.S. Falah and K.R. Jasim, “Simulation Study 

on Current Gain Improvement at High 

Collector Current Densities for CuO/TiO2 

Heterostructure Transistors”, Iraqi J. Mater., 

3(4) (2024) 25-30. 

[32] A.D. Saragih et al., “Characterization of Ag-

doped Cu2ZnSnSe4 bulks material and their 

application as thin film semiconductor in solar 

cells”, Mater. Sci. Eng. B, 225 (2017) 45-53. 

[33] J. Kumar and S. Ingole, “Structural and optical 

properties of (AgxCu1-x)2ZnSnS4 thin films 

synthesized via solution route”, J. Alloys 

Comp., 727 (2017) 1089-1094. 

[34] D. Han et al., “Deep electron traps and origin 

of p-type conductivity in the earth-abundant 

solar-cell material Cu2 ZnSnS4”, Phys. Rev. B, 

87 (2013) 155206. 

[35] S. Chen et al., “Crystal and electronic band 

structure of Cu2ZnSnX4 (X=S and Se) 

photovoltaic absorbers: First-principles 

insights”, Appl. Phys. Lett., 94 (2009). 

[36] T. Gershon et al., “Photovoltaic materials and 

devices based on the alloyed kesterite absorber 



IRAQI JOURNAL OF APPLIED PHYSICS   Vol. 20, No. 4, October-December 2024, pp. 823-828 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   828 

(AgxCu1–x)2ZnSnSe4”, Adv. Ener. Mater., 6 

(2016) 1502468. 

[37] D.M. Bishop et al., “Fabrication and electronic 

properties of CZTSe single crystals”, IEEE J. 

Photovoltaics, 5 (2014) 390-394. 

[38] B.L. Sharma and R.K. Purohit, 

“Semiconductor Heterojunction”, vol. 5. 

Elsevier (2015). 

[39] B.K.H. Al-Maiyaly, “Characterization of n-

CdO:Mg/p-Si heterojunction dependence on 

annealing temperature”, Ibn AL-Haitham J. 

Pure Appl. Sci., 29 (2017) 14-25. 

[40] Y. Jiang et al., “Structural, electrical, and 

optical properties of Ag2ZnSnSe4 for 

photodetection application”, J. Appl. Phys., 125 

(2019). 

[41] X. Wang, J. Xie and C.M. Li, “Architecting 

smart “umbrella” Bi2S3/rGO-modified TiO2 

nanorod array structures at the nanoscale for 

efficient photo electrocatalysis under visible 

light”, J. Mater. Chem. A, 3 (2015) 1235-1242.

__________________________________________________________________________________________ 

 
Table (1) Electrical parameters from D.C conductivity measurement for CAZTSe thin films with different Ag content and annealing 

temperature 

 

x 
Ta 
(K) 

σR.Tx10-2 
(S.cm-1) 

Ea1 

(eV) 
Temp. Range 

(K) 
Ea2 
(eV) 

Temp. Range 
(K) 

0.0 

R.T 1.1276 0.6212 348-488 0.0568 318-348 

373 1.4671 0.5858 348-488 0.0458 318-348 

473 2.2511 0.5486 348-488 0.0374 318-348 

0.1 

R.T 7.0416 0.4426 348-488 0.0347 318-348 

373 9.0399 0.4340 348-488 0.0299 318-348 

473 14.3658 0.4139 348-488 0.0171 318-348 

0.2 

R.T 28.9266 0.3948 348-488 0.0135 318-348 

373 39.8509 0.3819 348-488 0.0092 318-348 

473 57.4599 0.3655 348-488 0.00018 318-348 

 

 

 


