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Abstract 
In this study, voltage and frequency dependent dielectric properties of Au/n-CdTe Schottky diodes grown by thermal evaporation method were 
investigated. The frequency and voltage dependent of capacitance-voltage (ܥ − ܸ) and conductance-voltage (ܩ/߱ − ܸ) characteristics were 
measured in the frequency range of 1 kHz - 500 kHz at room temperature. Dielectric constant (ߝᇱ), dielectric loss (ߝᇱᇱ), dielectric loss tangent (tan  ,(ߜ
the ac electrical conductivity (ߪ), and complex impedance (ܼ∗) were calculated from the ܥ − ܸ and ܩ /߱ − ܸ characteristics and plotted as a 
function of frequency.  
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1. INTRODUCTION  

Recently many researchers decided to use CdTe for device applications semiconductor solar cells, radiation detectors and diodes. Also 
high optical absorption coefficient, direct band gap in the visible light spectrum were made their mind to choose CdTe [1–8]. In 
literature some preparation methods such as sputtering, spray pyrolysis, metal-organic chemical vapour deposition and thermal 
evaporation were used for the preparation of thin CdTe films [9–15]. The advantages of the thermal evaporation technique are high 
deposition rates and lower cost. This process produce a strong vacuum and we can fabricate very high purity thin films. The structural 
and optical properties of thermally evaporated CdTe thin films have been presented reported recently [16–21]. 

Therefore, a clear understanding of the physical principles underlying the properties of these interfaces is essential for developing 
practical devices based on this semiconductor material [22–28]. In this study, the dependencies of dielectric properties of thermally 
evaporated Au/n-CdTe Schottky diode were investigated. 

2. MATERIAL AND METHODS 

The CdTe diodes were fabricated on monocrystalline CdTe (111) substrate by thermal evaporation technique in a vacuum about 
2×10−5 Torr. For the manufacturing process, CdTe wafers were cleaned by using standard cleaning method; and finally quenched in 
de-ionized water with a resistivity of 18 MΩ. After surface cleaning, high purity gold (Au) metal (99.999%) with a thickness of 1000 
Å was thermally evaporated in the vacuum system at a pressure of ∼10−6 Torr. Low-resistance ohmic contacts were formed by thermal 
annealing at 400°C for 5 min in flowing N2. After ohmic contact, circular dots of 1 mm in diameter and 1100 Å thick Au rectifying 
contacts were deposited onto CdTe surface. Hall measurements indicated the films to be n-type. The ܥ– ܸ and ܩ/߱ – ܸ characteristics 
of Au/n-CdTe diode were measured at room temperature by the Keithley 4200 UCF Semiconductor Parameter Analyser. 
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Figure 1. Au/n-type CdTe Schottky diode 

3. RESULTS AND DISCUSSION 

Figure 2 and Figure 3 show the ܥ– ܸ and ܩ/߱ – ܸ plots of Au/n-CdTe Schottky barrier biode SBD carried out at the frequency 
range of 1 kHz–500 kHz at room temperature. As can be seen Figure 2 and Figure 3, the low-frequency capacitance and 
conductance increases with applied voltage while the high-frequency capacitance and conductance remains almost constant. Also 
reported that in the high frequency, the interface states ( ௦ܰ௦) cannot follow the ac signal and consequently do not contribute 
appreciably to the Au/CdTe Schottky barrier diodes capacitance [22–28].  

 

Figure 2. The ܥ versus ܸ graphs of the structures for each frequency 
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Figure 3. The ܩ/߱ versus ܸ graphs of the structures for each frequency 

Series resistance (ܴ௦) is one of the important parameter for Schottky diodes. The real value of resistance ܴ  at sufficiently high 
frequencies (f = 500 kHz or f > 500 kHz) corresponds to the real value of ܴ௦ for Schottky diodes and can be subtracted from the 
measured ܥ and ܩ values in the strong accumulation region as follows [22, 23], 

ܴ௦ =
ܩ

ܩ
ଶ + ܥݓ

ଶ       (1)

where ܥ and ܩ are the measured capacitance and conductance values in the strong accumulation region. The voltage and 
frequency dependence of the resistance was obtained from the measurements of ܥ– ܸ– ݂ and ܩ/߱ – ܸ– ݂ curves by using Eq. 1. 
It is clearly seen in Figure 4 that ܴ௦ is strongly dependent on voltage and frequency. 

 

Figure 4. The ܴݏ versus ܸ graphs of the structure for distinct frequency 
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The frequency distribution of ܰ௦௦ can be derived from Hill Coleman method by using the following equation [23]: 

௦ܰ௦ = ൬
2

ܣݍ
൰

ܩ) ߱⁄ )௫

ܩ)) ߱⁄ )௫/ܥ௫)ଶ + (1 − ܥ ⁄௫ܥ )ଶ (2) 

where, ܣ is the area of the diode, ߱ is the angular frequency, ܥ and ܩ are the measured capacitance and conductance which 
correspond to peak values, ܥ௫ is the capacitance of insulator layer. From this relation, ܥ௫ is obtained as 

௫ܥ = ܥ ቈ1 + ൬
ܩ

ܥ߱
൰

ଶ

 =
ܣߝߝ
݀௫

 (3) 

The density distribution profile of ௦ܰ௦ for Au/n-CdTe diode was obtained by using Eq. 2 and given in Figure 5. The values of 
various parameters for the Au/CdTe Schottky barrier diodes determined from ܥ − ܸ and ܩ/߱ − ܸ characteristics in frequency 
range of 1 kHz–500 kHz are given in Table 1. 

 

Figure 5. The ܰݏݏ versus log ܨ graph for the structure 

Table 1. The calculated electronic parameters in the wide ranged 1 kHz–500 kHz 

࢞ࢇ (V) ࢞ࢇࢂ (Hz) ࡲ  (F) ࢙࢙ࡺ ࣓/࢞ࢇࡳ  (eV-1cm-2) 
1000 5,4 3,92x10-9 2,70x10-8 1,41x1014 
2000 5,8 1,80x10-9 1,40x10-8 3,53x1013 
3000 6,2 1,10x10-9 9,80x10-9 2,04x1013 
5000 6,7 6,40x10-10 6,20x10-9 1,15x1013 
7000 7,3 4,91x10-10 4,80x10-9 8,57x1012 
10000 9,2 4,12x10-10 3,60x10-9 6,30x1012 
20000 11,4 3,76x10-10 1,76x10-9 3,06x1012 
30000 11,5 3,62x10-10 1,20x10-9 2,08x1012 
50000 11,5 3,40x10-10 7,30x10-10 1,26x1012 
70000 11,7 3,18x10-10 5,50x10-10 9,42x1011 
100000 12,0 2,88x10-10 4,20x10-10 7,14x1011 
200000 13,0 2,24x10-10 2,80x10-10 4,69x1011 
300000 13,5 1,84x10-10 2,20x10-10 3,65x1011 

 

The dielectric behaviour of the structure has been studied over a wide range of frequency (1 kHz–500 kHz). The complex 
permittivity (ɛ∗) formalism has been used to obtain significant data about the chemical and physical behaviour of the electrical 
and dielectric properties. The complex permittivity can be defined in the following complex form [23]. 

 



K a n b u r  Ç a v u ş ,  İ l d e ş ,  B ü y ü k a k k a ş ,  Ş a h i n g ö z / B o z o k  J  S c i  V o l  1  N o 1  P a g e  1 - 1 0  ( 2 0 2 3 )  

 

5 

∗ߝ = ᇱߝ − ߝ݆ ᇱᇱ (4) 

The real part of the complex permittivity, the dielectric constant (ߝ ᇱ), at the various frequencies is calculated using the measured 
capacitance values at the strong accumulation region from the relation [22,23], 

ᇱߝ =
ܥ
୭ܥ

 (5) 

where ܥ is capacitance of an empty capacitor. ܥ  =  where A is the rectifier contact area in cm−2, ݀ is the interfacial ;(݀/ܣ)ߝ 
insulator layer thickness and ߝ is the permittivity of free space charge (ߝ  =  8.85 × 10ିଵସ ܨ/ܿ݉). In the strong accumulation 
region, the maximal capacitance of Schottky diode corresponds to the insulator capacitance (ܥ௫) (ܥ = ௫ܥ =  The .(݀/ܣߝ′ߝ
imaginary part of the complex permittivity, the dielectric loss (ߝ″), at the various frequencies is calculated using the measured 
conductance values from the relation: 

ᇱᇱߝ =
ܩ

୭ܥ߱
 (6) 

The loss tangent (tan δ) can be expressed as follows: 

tan ߜ =
ᇱᇱߝ

ᇱߝ  (7) 

The ac electrical conductivity (ߪ) of the dielectric material is given by the following equation: 

ߪ = ܥ߱ tan ߜ  (݀ ⁄ܣ ) =  ୭ (8)ߝᇱᇱ߱ߝ

Analysis of the complex permittivity (ߝ∗) data within the ܼ∗ formalism (ܼ∗ = 1/ܻ∗ =  is commonly used to separate (∗ߝ୭ܥ߱݅/1
the bulk and the surface phenomena and to determine the bulk dc conductivity of the material [22,23]. The complex impedance 
or the complex permittivity (ߝ∗ =   :data were transformed into the M∗ formalism using the following relation (∗ܯ/1
 

M∗ =  ୭ܼ∗ (9)ܥ݆߱
or 

M∗ =
1
∗ߝ = ᇱܯ + ᇱᇱܯ݆ =

ߝ ᇱ

ᇱଶߝ + ߝ ᇱᇱଶ + ݆
ߝ ᇱᇱ

ᇱଶߝ +  ᇱᇱଶ (10)ߝ

 
The variations of dielectric constant, dielectric loss, tan δ and ac conductivity with frequency for the CdTe thin films in the 
frequency range of 1 kHz–500 kHz are shown in Figure (6-9) respectively. The dielectric constant is found to decrease with the 
increase in frequency. The thin films of CdTe exhibited the similar behavior in the case of dielectric loss. In general, four 
possible mechanisms may be contributed to be low-frequency dielectric behavior of MIS Schottky diodes: interface states, ac 
conductivity, dipole-orientation and charge carriers [7,17,22,23,29]. Figure 9 displays the variation of ac conductivity with 
frequency. The ac conductivity of CdTe thin films is found to increase with the frequency. 
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Figure 6. Variations of the dielectric constant of Au/n-CdTe Schottky Diode 

 

Figure 7. Variations of the dielectric loss of Au/n-CdTe Schottky Diode 
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Figure 8. Variations of the tangent loss of Au/n-CdTe Schottky Diode 

 

Figure 9. Variations of the ac conductivity of Au/n-CdTe Schottky Diode 

The complex impedance plane analysis is based on the plot of the real part of ܼ′ against the imaginary part of ܼ″ over a wide 
range of frequencies, 1 kHz–500 kHz in the present study. As can be seen from Figure 10 and Figure 11, ܼ′ and ܼ″ increase as 
the frequency is decreased [22,23].  
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Figure 10. Variations of the real part impedance of Au/n-CdTe Schottky Diode 

 

Figure 11. Variations of the imaginary part impedance of Au/n-CdTe Schottky Diode 

4. CONCLUSIONS 

The frequency dependence of the dielectric properties of Au/n-CdTe Schottky diodes were investigated in the interval 1 kHz–500 
kHz using the measured ܥ– ܸ and ܩ/߱ – ܸ. It is found that the dielectric constant decreases with the increase in frequency. It 
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exhibited similar behavior in case of dielectric loss. This result shows that there is strong frequency distribution characterizing 
the frequency dependence for ߝ′ and ߝ″.  The real part of ܼ′ and the imaginary part of ܼ′ of the complex impedance decrease with 
increasing frequency. Because at high frequencies, the effect of the interface states decreases and the contribution to the 
impedance decreases. In conclusion, the frequency and voltage dependent dielectric properties confirm that ܴ௦ and ܰݏݏ are 
important parameters that strongly influence the electrical parameters for Au/n-CdTe Schottky diode. 

ACKNOWLEDGEMENT 

This work was studied in Yozgat Bozok University Scientific Laboratory. 

AUTHOR’S CONTRIBUTIONS 

The authors contributed equally. 

CONFLICTS OF INTEREST 

There is no conflict of interest. 

RESEARCH AND PUBLICATION ETHICS 

The author declares that this study complies with Research and Publication Ethics. 
 
REFERENCES 

[1] A. Gukasyan, A. Kvit, and Y. Klevkov, “High-Resolution PL Characterization of Impurity Segregation and Their 
Complex Formation on Extended Defects in CdTe,” Solid State Com., vol. 97, no. 10, pp. 897–902, Mar. 1996, doi: 
10.1016/0038-1098(95)00417-3. 

[2] S. Lalitha, S. Zh. Karazhanov, P. Ravindran, and S. Senthilarasu, “Electronic Structure, Structural and Optical Properties 
of Thermally Evaporated CdTe Thin Films,” Physica B., vol. 387, no. 1–2, pp. 227–238, Jan. 2007, doi: 
10.1016/j.physb.2006.04.008. 

[3] A. Castaldini, A. Cavallini, B. Fraboni, L. Polenta, P. Fernandez, and J. Piqueras, “Compensation and Deep Levels in II–
VI Compounds,” Mater. Sci. Eng. B., vol. 42, no.1–3, pp. 302–305, Dec. 1996, doi: 10.1016/S0921-5107(96)01726-6. 

[4] X. Yi, O. Lin, X. Zhao, and K. Wong,” The Effect of Surface Preparation on Properties of Cadmium Telluride Thin Film 
Heterojunctions,” J. Phys. D Appl. Phys., vol. 23, no. 7, pp. 912, July 1990, doi: 10.1088/0022-3727/23/7/025. 

[5] K. Guergouri, M. S. Ferah, R. Triboulet, and Y. Marfaing, “Study of the Crystalline Quality of CdTe, CdZnTe and 
CdMnTe Substrates Used for Liquid Phase Epitaxy of Cd0.7Hg0.3Te,” J. Cryst. Growth, vol. 139, no. 1–2, pp. 6–14, 
May 1994, doi: 10.1016/0022-0248(94)90022-1. 

[6] A. Romeo, G. Khrypunov, S. Galassini, H. Zogg, and A. N. Tiwari, “Bifacial Configurations for CdTe Solar Cells,” Solar 
Energy Mater. Solar Cells, vol. 91, no. 15–16, pp. 1388–1391, Sep. 2007, doi: 10.1016/j.solmat.2007.03.010. 

[7] Z. R. Khan, M. Zulfequar, and M. S. Khan, “Structural, Optical, Otoluminescence, Dielectric and Electrical Studies of 
Vacuum-Evaporated CdTe Thin Films,” Bull. Mater. Sci., vol. 35, no. 2, pp. 169–174, Apr. 2012, doi: 10.1007/s12034-
012-0274-x. 

[8] H. Kanbur, Ş. Altindal, T. Mammadov, and Y. Şafak, “Effects of Illumination on I-V, C-V and ܩ/߱ – ܸ Characteristics of 
Au/n-CdTe Schottky Barrier Diodes,” J. Optoelectron. Adv. M., vol. 13, no. 6, pp. 713–718, June 2011. 

[9] M. S. Han, T. W. Kang, J. H. Leem, M. H. Lee, K. J. Kim, and T. W. Kim, “Strain Effects in CdTe/Si Heterostructures,” 
J. Appl. Phys., vol. 82, no. pp. 6012, June 1998, doi: 10.1063/1.366467. 

[10] S. Surabhi, K. Anurag, and S. R. Kumar, “Effect of Annealing on the Structural, Compositional and Optical Properties of 
CdTe Films,” Mater. Today: Proc., vol. 45, no. 6, pp. 4477–4482, Feb. 2021, doi: 10.1016/j.matpr.2020.12.988. 

[11] H. Tatsuoka, H. Kuwabara, Y. Nakanishi, and H. Fujiyasu, “CdTe(111) Growth on Misoriented Si(100) Substrates by 
Hot-Wall Epitaxy,” J. Cryst. Growth, vol. 129, no. 3–4, pp. 686–690, Apr. 1993, doi: 10.1016/0022-0248(93)90504-P. 



K a n b u r  Ç a v u ş ,  İ l d e ş ,  B ü y ü k a k k a ş ,  Ş a h i n g ö z / B o z o k  J  S c i  V o l  1  N o 1  P a g e  1 - 1 0  ( 2 0 2 3 )  

 

10 

[12] H. Hernández-Contreras, G. Contreras-Puente, J. Aguilar-Hernández, A. Morales-Acevedo, J. Vidal-Larramendi, and O. 
Vigil-Galán, “CdS and CdTe Large Area Thin Films Processed by Radio-Frequency Planar-Magnetron Sputtering,” Thin 
Solid Films, vol. 403, no. 404, pp.148–152, Feb. 2002, doi: 10.1016/S0040-6090(01)01523-1.  

[13] A. U. Ubale, R. J. Dhokne, P. S. Chikhlikar, V. S. Sangawar, and D. K. Kulkarni, “Characterization of Nanocrystalline 
Cadmium Telluride Thin Films Grown by Successive Ionic Layer Adsorption and Reaction (SILAR) Method,” Bull. 
Mater. Sci., vol.  29, pp.165–168, Apr. 2006, doi: 10.1007/BF02704610.  

[14] H. Nishino and Y. Nishijima, “CdTe(111)B/Si(100) Structure Grown by Metalorganic Vapor Phase Epitaxy with Te 
Adsorption and Annealing,” J. Cryst. Growth, vol. 167, no. 3–4, pp. 488–494, Oct. 1996, doi: 10.1016/0022-
0248(96)00288-6.  

[15] S.  Deivanayaki, P.  Jayamurugan, R.  Mariappan, and V. Ponnuswamy, “Optical and Structural Characterization of CdTe 
Thin Films by Chemical Bath Deposition Technique,” Chalcogenide Lett., vol. 7, no.3, pp. 159–163, Mar. 2010. 

[16] N. A. Khan, K. S.  Rahman, K. A.  Aris, A. M. Ali, Halina Misran, M.  Akhtaruzzaman, S. K.  Tiong and N. Amin, 
“Effect of Laser Annealing on Thermally Evaporated CdTe Thin Films for Photovoltaic Absorber Application,” Sol.  
Energy, vol.  173, pp. 1051–1057, Oct. 2018, doi: 10.1016/j.solener.2018.08.023.  

[17] S. Singh, R. Kumar, and K. N. Sood, “Structural and Electrical Studies of Thermally Evaporated Nanostructured CdTe 
Thin Films,” Thin Solid Films, vol. 519, no. 3, pp. 1078–1081, Nov. 2010, doi: 10.1016/j.tsf.2010.08.047.  

[18] J. M. Kestner, S. McElvain, S. Kelly, T. R. Ohno, L.M. Woods, and C. A. Wolden, “An Experimental and Modeling 
Analysis of Vapor Transport Deposition of Cadmium Telluride,” Sol. Energy Mater. Sol. Cells, vol. 83, no.1, pp. 55–65, 
June 2004, doi: 10.1016/j.solmat.2004.02.013.  

[19] B. Barış, “Frequency Dependent Dielectric Properties in Schottky Diodes Based on Rubrene Organic Semiconductor,” 
Phys. E: Low-Dimens. Syst. Nanostructures, vol. 54, pp. 171–176, Dec. 2013, doi: 10.1016/j.physe.2013.06.018.  

[20] D. K. Dhruv, S. D. Dhruv, N. Agrawal, and P. B. Patel, “Fabrication and Transport Properties of Thermally Evaporated 
Cadmium Selenide Thin Films for Photovoltaic Applications,” Mater. Today: Proc., vol.  55, no. 1, pp. 67–72, Feb. 2022, 
doi: 10.1016/j.matpr.2021.12.173.  

[21] S. S. Shaikh, Mohd Shkir, and E. U. Masumdar, “Exploration of the Spray Deposited Cadmium Telluride Thin Films for 
Optoelectronic Devices,” Phys. B: Condens. Matter, vol. 580, pp. 411831, Mar. 2020, doi: 10.1016/j.physb.2019.411831.  

[22] S. M. Sze, Physics of Semiconductor Devices, 2nd Edition. John Wiley & Sons, New York, 1981.  
[23] E. H. Rhoderick, and R. H. Williams, Metal–Semiconductor Contacts, 2nd Edition. Clarendon Press, Oxford, 1988.  
[24] H. Kanbur, Ş. Altındal, and A. Tataroğlu, “The Effect of Interface States, Excess Capacitance and Series Resistance in the 

Al/SiO2/p-Si Schottky Diodes,” Appl. Surf. Sci., vol. 252, no. 5, pp. 1732–1738, Dec. 2005, doi: 
10.1016/j.apsusc.2005.03.122.  

[25] Ş. Altındal, İ. Dökme, M. M. Bülbül, N. Yalçın, and T. Serin, “The Role of the Interface Insulator Layer and Interface 
States on the Current-Transport Mechanism of Schottky Diodes in Wide Temperature Range,” Microelektron. Eng., vol. 
83, no.3, pp. 499–505, Mar. 2006, doi: 10.1016/j.mee.2005.11.014.  

[26] P. Chattopadhyay, and B. Raychaudhuri, “Frequency Dependence of Forward Capacitance-Voltage Characteristics of 
Schottky Barrier Diodes,” Solid State Electron., vol. 35, no. 4, pp. 605–610, Apr. 1993, doi: 10.1016/0038-
1101(93)90272-R.  

[27] I. M. Dharmadasa, G. G. Roberts, and M. C. Petty, “Electrical Properties of Au/n-CdTe Schottky Diodes,” J. Phys. D. 
Appl. Phys., vol. 15, no. 5, pp. 901, Nov. 1982, doi: 10.1088/0022-3727/15/5/018.  

[28] S. Gurumurthy, H. L. Bhat, and V. Kumar, “Excellent Rectifying Characteristics in Au/n-CdTe Diodes Upon Exposure to 
Rf Nitrogen Plasma,” Semicond. Sci. Technol., vol. 14, no. 10, pp. 909, June 1999, doi: 10.1088/0268-1242/14/10/306.  

[29] R. L. Van Meirhaeghe, R. Van de Walle, W. H. Laflere, and F. Cardon, “On the Relationship between the Surface 
Composition of the Substrate and the Schottky Barrier Height in Au/n‐CdTe Contacts,” J. Appl. Phys., vol. 70, no. 4, pp. 
2200, May 1991, doi: 10.1063/1.349458. 


