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ABSTRACT 

The study on electrical and dielectric properties of the ZnSe/p-Si diode have been investigated using admittance measurements in 

the frequency range of 50 kHz - 1 MHz at room temperature. The experimental values of dielectric constant and dielectric loss are 

found in decreasing behavior with increase in frequency due to the characteristics of the interface capacitance in the diode and so 

that the similar behavior was observed in loss tangent. With the contribution of the series resistance, the results of the electrical 

conductivity analysis indicated direct proportionality to the frequency change. Additionally, electric modulus was discussed to 

represent the dielectric relaxation process in the diode structure.  

Keywords: E-beam evaporation, dielectric properties, frequency effect. 

ZnSe/p-Si Diyotunun Frekans Bağımlı Dielektrik 

Özellikleri 

ÖZ 

ZnSe/p-Si diyot yapısının elektrik ve dielektrik özellikleri oda sıcaklığında 50 kHz - 1 MHz frekans aralığında yapılan admitans 

ölçümleri kullanılarak incelendi. Deneysel olarak elde edilen dielektrik sabiti ve dielektrik kaybı değerlerinin, diyot yapısındaki 

arayüz kapasitans karakteristiğine bağlı olarak frekans artışı ile azalan bir davranışta olduğu görüldü, ve benzer davranış kayıp 

tanjantında da gözlemlendi. Elektriksel iletkenlik analizinde, seri direnç katkısı ile frekans değişimi ile doğrusal orantılı olarak bir 

değişim bulundu. Ayrıca, diyot yapısındaki dilelektrik relaksasyon davranışı, elektrik modülüsler kullanılarak tartışıldı. 

Anahtar Kelimeler: E-demeti buharlaştırma, dielektrik özellikler, frekans etkisi.

1. INTRODUCTION (GİRİŞ) 

With the current interest in the optoelectronic 

applications of heterojunctions, II-VI compounds have 

been employed with Si based heterojunction as a 

promising materials for photodetector and also 

photovoltaic diodes [1-4]. This type of diode structure 

associates the advantageous properties of the highly 

transparent, direct-band gap ZnSe window layer and the 

high mobility, tractable properties of Si layer [5]. In the 

previous work, the authors presented the material 

properties of the e-beam deposited ZnSe thin film layer 

and the results of the current-voltage measurements on 

the ZnSe/p-Si diode [6]. From the systematic studies of 

the ZnSe film, it was found in stoichiometric and 

polycrystalline in structure and homogeneous in surface 

morphology. With the high transparency characteristics 

for the visible region, the fundamental band gap value 

was obtained as about 2.8 eV. The experimental forward 

current-voltage (I–V) characteristics of the diode was  

modelled by the Gaussian distribution in the barrier 

height and the current behavior was assumed to be 

dependent on especially interfacial layer, interfaces states 

and series resistance. In addition to this electrical analysis 

of ZnSe/p-Si diode, the frequency dependent 

capacitance-voltage (𝐶 − 𝑉) and conductance-voltage 

(𝐺/𝜔 − 𝑉) characteristic were investigated under the 

indication of interfacial states. Therefore, the objective of 

the present work on 𝐶 − 𝑉 and 𝐺/𝜔 − 𝑉 characteristics 

as a function of frequency is to obtain information about 

the effects of the interface states and electrical parameters 

under the effect of localized electronic states. From these 

analysis, the effects of the frequency and the bias voltage 

on the dielectric properties were investigated and the 

main dielectric parameters were calculated with the 

presence of the interfacial layer.  

  

2. MATERIAL and METHOD (MATERYAL VE 

METOD) 

The polycrystalline ZnSe thin film layer was deposited 

on the (111) oriented p-type (B-doped) crystalline Si 

wafer with the resistivity value of 1-10 (Ω-cm) by e-beam 

deposition technique to fabricate the ZnSe/p-Si diode 

structure [6]. The back metal contact on the Si wafer was 

formed by elemental Al evaporation onto the whole back 
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surface of the wafer and subsequent annealing treatment 

at 450°C under the nitrogen atmosphere to achieve the 

ohmic contact behavior. Additionally, top ohmic contact 

was deposited by thermal evaporation of In elemental 

source through shadow mask in circular dot contact shape 

of 2 mm diameter onto ZnSe film surface. The complete 

structure was annealed at 100°C under the nitrogen 

atmosphere to enhance the ohmicity of the contact. The 

𝐶 − 𝑉 and 𝐺/𝜔 − 𝑉 characteristics were analyzed by 

using Hewlett Packard 4192A LF model impedance 

analyzer at room temperature and dark condition. 

 

3. RESULTS AND DISCUSSION (SONUÇLAR VE 

TARTIŞMA) 

The 𝐶 − 𝑉 and 𝐺/𝜔 − 𝑉 plots of the ZnSe/p-Si diode 

structure for different frequencies at room temperature 

were discussed in the previous work [6]. According to 

these plots, 𝐶 − 𝑉 behavior was found to be in a less 

sensitive to the frequency variation and 𝐺/𝜔 − 𝑉 plot 

showed a characteristic peak profile for each measured 

frequency. With increasing applied frequency, both 

capacitance (𝐶) and conductance (𝐺/𝜔) values decrease, 

and the peak value of the 𝐺/𝜔 also decreases under the 

effect of series resistance of the diode [7]. However, 

frequency affects these measured values strongly at low 

frequencies and this can be attributed to the presence of 

interfacial oxide layer and the particular distribution of 

interface states [8-10]. Assuming the total diode 

capacitance as a sum of junction and interface state 

capacitance, exchanges of the carriers can contribute to 

the total diode capacitance by the fact that at relatively 

low frequencies the interface states can follow the 

applied ac signal [11, 12]. Therefore, 𝐶 of the interfacial 

layer in the ZnSe/p-Si inhomogeneous diode evaluated as 

in a series combination of the junction capacitance can be 

the reason of this observed frequency dispersion [13].  

Based on the impedance/admittance technique, the 

conductance losses from the exchange of majority 

carriers at the junction interface can be discussed to 

determine the dielectric parameters and their frequency 

dependencies [14, 15]. Therefore, in this work, the 

frequency effects of dielectric constant (𝜀′), dielectric 

loss (𝜀′′), loss tangent (𝑡𝑎𝑛𝛿), ac electrical conductivity 

(𝜎𝑎𝑐) and electric modulus (𝑀′ and 𝑀′′) are investigated 

from the room temperature measurements under applied 

frequency interval of 50kHz-1MHz [16, 17].  In this case, 

a complex capacitance (𝐶∗) can be defined to derive a real 

capacitance in the application of ac bias voltage, and it 

can be given as 𝐶∗ = 𝑌∗ 𝑖𝜔⁄  which is related to the 

complex admittance 𝑌∗ at angular value of 𝜔 [18]. From 

this relation, the complex relative permittivity                

𝜀∗ = 𝜀′ − 𝑖𝜀′′ can be used to describe the dielectric 

properties of the diode [19, 20]. At various frequencies, 

the real part of 𝜀∗ named as dielectric constant (𝜀′), and 

the imaginary part as dielectric loss (𝜀′′) are calculated 

using the measured capacitance (𝐶𝑚) and conductance 

(𝐺𝑚/𝜔) values at the strong accumulation region as [11, 

21, 22], 

𝜀′ =
𝐶𝑚𝑑𝑖

𝜀0𝐴
=

𝐶𝑚

𝐶0

 
(1) 

and 

𝜀′′ =
𝐺𝑚𝑑𝑖

𝜔𝜀0𝐴
=

𝐺𝑚

𝜔𝐶0

 
(2) 

where 𝐶0 is the capacitance of an empty capacitor as   

𝐶0 = 𝜀0𝐴 𝑑𝑖⁄  with diode active area, 𝐴, interfacial layer 

thickness, 𝑑𝑖 and permittivity of free space, 𝜀0. The 

calculated frequency dependent  𝜀′ and 𝜀′′ values are 

shown in Fig.1 and these values are found in decreasing 

behavior with increase in frequency, whereas 𝜀′ shows a 

frequency independent nature of the parameter in the 

negative voltage region. Since 𝐶 and 𝐺/𝜔 are sensitive 

to the interface properties and also parasitic resistances, 

this inverse relation can be explained with the change in 

the response time of the interfacial dipole orientation to 

the applied field [21, 23]. The increase of the capacitance 

depends on the ability of the charge carrier concentration 

to follow the applied ac signal [11] and so that these 

carriers at the localized interface states can hop between 

a pair of these centers having different dipole 

orientations. However, as decreasing in the polarization 

at high frequencies, dipoles could not follow this action 

of the ac field without having enough time to relax in 

equilibrium and therefore to give a response to the ac 

signal [23]. The dispersion behavior shown in Fig.1 can 

be due to the inhomogeneity in the diode with the effect 

of accumulation of the charges at the boundary of less 

conducting regions and interfacial polarization [11, 20, 

24]. In addition, the interfacial oxide layer thickness was 

calculated from 𝐶 − 𝑉 characteristics using the basic 

concept of parallel plate capacitor and it was estimated as 

about 4 nm [25-27].  

In addition to the analysis of real and imaginary 

components of 𝜀∗, the results can also be discussed using 

the loss tangent, 𝑡𝑎𝑛𝛿 = 𝜀′′ 𝜀′⁄ , 𝑡𝑎𝑛𝛿 = 𝐺𝑚 𝜔𝐶𝑚⁄  which 

indicates the amount of energy that is dissipated in the 

dielectric when an electric field is applied across it [18, 

22]. Fig. 2 shows the characteristics of 𝑡𝑎𝑛𝛿 with a peak 

behavior at each frequency and this behavior can be 

related to the frequency dependence of 𝜀′ and 𝜀′′ values. 

As shown in Fig.1(b) and Fig.2, 𝜀′′ and t𝑎𝑛𝛿 have peaks 

for each frequency and the peak position shifts toward 

lower voltages with decreasing frequency. The decrease 

in the magnitude of the peaks with increasing frequency 

may be due to the presence of interface traps [28, 29]. 

Furthermore, the interface state density, the series 

resistance of the diode, and the thickness of the interfacial 

insulator layer can be responsible for this behavior of 

𝑡𝑎𝑛𝛿 [9, 21, 23]. 
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Figure 1. Frequency dependent room-temperature 𝜀′ (a) and  

𝜀′′ (b) of ZnSe/p-Si diode 

 

 

Figure 2. Frequency dependent room-temperature 𝑡𝑎𝑛𝛿 of  

ZnSe/p-Si diode 

 

The ac electrical conductivity (𝜎𝑎𝑐) of the dielectric 

material can be expressed as [18, 30], 

 

𝜎𝑎𝑐 = 𝜔𝐶𝑚 𝑡𝑎𝑛𝛿(𝑑𝑖 𝐴⁄ ) = 𝜔𝜀0𝜀′′ (3) 

and the observed conductivity behavior of the ZnSe/p-Si 

diode is presented in Fig.3 at different voltage and 

frequency values. The magnitude of the 𝜎𝑎𝑐 peaks (Fig.3) 

increase with increasing frequency and their positions 

shift toward the positive bias voltages. The observed 

behavior in 𝜎𝑎𝑐 values can be accompanied by an 

increase of the eddy current and it is also related to the 

increase of 𝑡𝑎𝑛𝛿 [21, 29]. This behavior can also be 

attributed to a gradual decrease in the series resistance 

with increasing frequency [6, 21, 23, 31]. 

 
Figure 3. Frequency dependent room-temperature 𝜎𝑎𝑐 of  

ZnSe/p-Si diode 

 

The complex impedance 𝑍∗ and complex dielectric 

modulus 𝑀∗ can be used to analyze the relaxation 

properties of ZnSe/p-Si diode [21, 23]. In fact, these 

analysis of 𝜀∗ within the 𝑍∗ formalism is commonly used 

to separate the bulk and the surface phenomena and to 

determine the bulk dc conductivity of the material [32]. 

Additionally, 𝑀∗ can be used to monitor the electrical 

properties of the material and is a useful technique to 

investigate the influences of frequency on the relaxation 

processes [33]. As a simply geometric inverse of the 

admittance, 𝑍∗ can be written as 𝑍∗ = 1 𝑖⁄ 𝜔𝐶0𝜀∗, and 

then as an inverse of  𝜀∗, 𝑀∗ can be defined as, 

 

𝑀∗ = 𝑖𝜔𝐶0𝑍∗ (4) 

 

where real and imaginary part of 𝑀∗ are interrelated with 

𝜀∗ as  𝑀′ = 𝜀′ (𝜀′2
+ 𝜀′′2

)⁄  and 𝑀′′ = 𝜀′′ (𝜀′2
+ 𝜀′′2

)⁄ , 

respectively [23, 28].  

As shown in Fig.4, 𝑀′ increases with increase in 

frequency and decrease in voltage, and an inverse 

behavior with frequency is observed in 𝑀′′. With 

changing frequency, the decrease in the height and the 

shift in the position of the peaks can be evaluated with 

the conductivity relaxation process in the junction and the 

effect of the interface state density [29, 34].  

 

(a) 

(b) 



Hasan Hüseyin GÜLLÜ, Dilber Esra YILDIZ  / POLİTEKNİK  DERGİSİ, Politeknik Dergisi,2019;22(1):63-67 

66 

 

 
Figure 4. Frequency dependent room-temperature 𝑀′ (a) and  

𝑀′′ (b) of ZnSe/p-Si diode 

 

6. CONCLUSION (SONUÇ) 

In this work, frequency dependent electrical and 
dielectric properties were investigated by carrying 
out and 𝐶 − 𝑉 and 𝐺/𝜔 − 𝑉 measurements and the 
results were discussed as a continuation of the 
published works on I-V measurements. Thus, the 
presence of the interface states and their distribution 
characteristics were analyzed to explain the possible 
frequency dispersion of the capacitance and 
conductance. Depending the capacitance and 
conductance characteristics, the values of 𝜀′ and  𝜀′′ 
were calculated in the approximation of the presence 
of interfacial oxide layer and the particular 
distribution of interface states, and they were found 
in decreasing behavior with increase in frequency. 𝜀′ 
was seem to be frequency independent in the 
negative voltage region whereas characteristic peak 
profile for each measured frequency was observed in 
𝜀′′ plot. In addition, related to the frequency 
dependence of these values, the characteristics of 
𝑡𝑎𝑛𝛿 showed a peak at each frequency. The variation 
of 𝜎𝑎𝑐  was explained by increase in the eddy current 
and it is also related to the increase of 𝑡𝑎𝑛𝛿. In 
addition, considering electric modulus formalism, the 
relaxation properties of ZnSe/p-Si diode were 
determined. 
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