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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 (C — V) and conductance-voltage (G/w — V) characteristics were
measured in the frequency range of 1 kHz - 500 kHz at room temperature. Dielectric constant ("), dielectric loss ('), dielectric loss tangent (tan &),
the ac electrical conductivity (g,.), and complex impedance (Z*) were calculated from the € —V and G /w —V 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
2x107° 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 MQ. After surface cleaning, high purity gold (Au) metal (99.999%) with a thickness of 1000
A was thermally evaporated in the vacuum system at a pressure of ~10° Torr. Low-resistance ohmic contacts were formed by thermal
annealing at 400°C for 5 min in flowing N,. After ohmic contact, circular dots of 1 mm in diameter and 1100 A thick Au rectifying
contacts were deposited onto CdTe surface. Hall measurements indicated the films to be n-type. The C-V and G /w -V 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 C-V and G/w -V 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 (Ng) cannot follow the ac signal and consequently do not contribute
appreciably to the Au/CdTe Schottky barrier diodes capacitance [22—28].
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Figure 2. The C versus V graphs of the structures for each frequency
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Figure 3. The G /w versus V graphs of the structures for each frequency

Series resistance (Ry) is one of the important parameter for Schottky diodes. The real value of resistance R; at sufficiently high
frequencies (f= 500 kHz or f> 500 kHz) corresponds to the real value of R, for Schottky diodes and can be subtracted from the

measured C and G values in the strong accumulation region as follows [22, 23],

R, = G 1
ST G2 +wCh @

where C,, and G,, 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 C-V-f and G/w - V- f curves by using Eq. 1.
It is clearly seen in Figure 4 that R is strongly dependent on voltage and frequency.
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Figure 4. The R, versus V graphs of the structure for distinct frequency
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The frequency distribution of Ny can be derived from Hill Coleman method by using the following equation [23]:

_ (i) (Gm/ ©)max )
s qA ((Gm/w)max/cox)z + (1 - Cm/Cox)2

where, A is the area of the diode, w is the angular frequency, C,, and G,, are the measured capacitance and conductance which

correspond to peak values, C,, is the capacitance of insulator layer. From this relation, C,, is obtained as

G 2 £;6,A
C.=C 1 ( ma > — i<0 3
ox ma[ + Cma dox ( )

The density distribution profile of Ng, 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 € —V and G/w — V characteristics in frequency
range of 1 kHz—500 kHz are given in Table 1.
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Figure 5. The N versus log F graph for the structure

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

F (Hz) Vinax (V) Cinax (F) Goax/® N (ev_lcm_z)
1000 54 3,92x107 2,70x1078 141x10™
2000 58 1,80x10° 1,40x10° 3,53x10"
3000 62 1,10x10° 9,80x10° 2,04x10"
5000 6,7 6,40x10™"° 6,20x10° 1,15x10"
7000 73 491x101° 4,80x10” 8,57x10'?
10000 92 4,12x10™° 3,60x10” 6,30x10"?
20000 11,4 3,76x107° 1,76x10° 3,06x10"
30000 11,5 3,62x107° 1,20x10° 2,08x10"
50000 11,5 3,40x10™° 7,30x107° 126x10"
70000 11,7 3,18x10™° 5,50x107° 9.42x10"

100000 12,0 2,88x1071° 420x101° 7,14x10"

200000 13,0 2.24x10™1° 2.80x107"° 4,69x10"!

300000 13,5 1,84x101° 2.20x107" 3,65x10"

The dielectric behaviour of the structure has been studied over a wide range of frequency (1 kHz-500 kHz). The complex
permittivity (€*) 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].
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e =g —je" @)
The real part of the complex permittivity, the dielectric constant (¢'), at the various frequencies is calculated using the measured
capacitance values at the strong accumulation region from the relation [22,23],

g =— )

where C, is capacitance of an empty capacitor. C, = &,(A/d); where A is the rectifier contact area in cm >, d is the interfacial
insulator layer thickness and ¢, is the permittivity of free space charge (¢, = 8.85 X 107 F/cm). In the strong accumulation
region, the maximal capacitance of Schottky diode corresponds to the insulator capacitance (C,,) (C,c = C,y = €'€,A4/d). The
imaginary part of the complex permittivity, the dielectric loss ("), at the various frequencies is calculated using the measured
conductance values from the relation:

w_ @ 6
& =0, (6)
The loss tangent (tan §) can be expressed as follows:
£ll
tané = — (7)
€

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

04 = wCtand (d/A) = " we, (8)

Analysis of the complex permittivity (¢*) data within the Z* formalism (Z* = 1/Y* = 1/iwC,&*) is commonly used to separate
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 (¢* = 1/M*) data were transformed into the M* formalism using the following relation:

M* = jwC,Z* 9)
or
M=M= (10)
— ok J - 8’2 +£uZ ] 8’2 + 8”2

The variations of dielectric constant, dielectric loss, tan § 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
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Figure 7. Variations of the dielectric loss of Au/n-CdTe Schottky Diode
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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 Z’ against the imaginary part of Z” over a wide
range of frequencies, 1 kHz-500 kHz in the present study. As can be seen from Figure 10 and Figure 11, Z' and Z” 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
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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 C-V and G/w -V. It is found that the dielectric constant decreases with the increase in frequency. It

8



Kanbur Cavugs, [ldes, Biiyikakkas, Sahingéz/Bozok J Sci Vol I Nol Page 1-10 (2023)

exhibited similar behavior in case of dielectric loss. This result shows that there is strong frequency distribution characterizing
the frequency dependence for €' and €”. The real part of Z' and the imaginary part of Z’ 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 Rg and N are
important parameters that strongly influence the electrical parameters for Au/n-CdTe Schottky diode.
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