
AJP FIZIKA                                                 2024                                        section C: Conference 
Magsud Aliyev-100 

91 131, H.Javid ave, AZ-1073, Baku 
Institute of Physics 
E-mail: jophphysics@gmail.com 

 

 
 

A COMPARISON OF BASIC ELECTRICAL PARAMETERS OF THE Al/SiO2/p-Si 
(MIS) STRUCTURE OBTAINED BY THERMIONIC EMISSION (TE), AND 

CHEUNG FUNCTIONS 
 

I.M. AFANDIYEVA, E.R. BAKHTIYARLI 
Baku State University, AZ1148, Baku, Azerbaijan 

 
In the present paper electrical characteristics of Al/SiO2/p-Si MIS structure was measured in the range of voltage ±4V. 

Silicon layer SiO2 on the semiconductor wafer was obtained by thermal oxidation of Si. The Al/SiO2/p-Si (MIS) structures 
were constructed on p-type (boron-doped) single-crystal silicon wafers with a (100) surface orientation. The a thickness of 
wafer is 350 μm, a diameter of 2 inches, and a resistivity of 1 Ω.cm. The thickness of SiO2 layer in the MIS structure is 60 nm. 
On the basis of measured characteristics have been obtained basic parameters of structure such as potential barrier heigt        
(𝜙𝜙𝐵𝐵0), ideality –factor (n) and series-resistance (Rs). For the calculating of parameters have been used two methods - 
thermionic-emission (TE) theory and Cheung’s functions. The results obtained by both methods were compared. The identified 
differences are due to the presence of inhomogeneities at the interface and in the volume. 
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INTRODUCTION  
 

The functioning of most modern electronic 
devices relies on a metal-semiconductor contact 
structure featuring a Schottky barrier (SB).Schottky 
diodes operate quickly because they eliminate diffuse 
and recombination processes that require additional 
time and the injection of minority charge carriers [1-     
3]. More than 99% of all semiconductor devices are 
made using silicon (Si). Silicon is widespread in nature 
and its processing technology has been well studied. 

A silicon dioxide layer is easily created in silicon 
by conventional thermal oxidation. The thickness of 
this dielectric is usually 0.3-1.5 microns. But this layer 
is enough to protect  silicon from the diffusion of 
impurities and provide better dielectric protection. In 
this regard, the growth of the oxide layer on the 
semiconductor is a more important step in the 
production process of MIS or MOS devices [2-4]. The 
generalized model of the contact structure takes into 
account the presence of a dielectric gap. It should be 
noted that the presence of a dielectric gap in the metal-
oxide-semiconductor contact structure affects the 
distribution, concentration and activation of surface 
states, as well as the charge transfer mechanism [1-12]. 
The most common MOS (metal oxide semiconductor) 
structures on silicon with a layer of SiO2, which is 
obtained by thermal oxidation of Si. Thermal silicon 
oxide SiO2 is a key dielectric in silicon devices. As it is 
known from the scientific literature, to create a perfect 
interface, a layer of SiO2 with a thickness ≈ 5 A is 
grown on silicon, and then a layer of high-k dielectric 
with a thickness of ≈ 50 A is deposited [4,12]. 

The electronic structure of SiO2 has been 
intensively studied experimentally and theoretically for 
many years [13–15]. Despite this, some features of the 
electronic structure of SiO2 have remained unclear over 
the past 50 years.  In connection with the use of SiO2 
and contact structures with a dielectric gap in 

microelectronics, the study of MOS structures with a 
thin layer of Silicon Oxide is of practical interest.  

In order to study the influence of surface states on 
the characteristics of the contact structure, the 
characteristics of MIS structures with various 
interfacial layers, such as SiO2, SnO2, Al2O3, ZrO2, 
HfO2 and organic layers, were investigated and 
analyzed [16-19]. 

In recent years, many studies have been carried 
out on the main parameters characterizing the processes 
at the interface between Si and thermally grown SiO2. 
[12,20-22]. However, the mechanisms of current flow, 
key parameters of these structures, and their 
dependence on factors such as oxide layer thickness, 
the selection of contacting metal and semiconductor, as 
well as the impact of the manufacturing process, have 
yet to be thoroughly clarified. As is known from 
scientific literature the insulator thickness in these 
studies was in the range of 40–60 Å, 50–826 Å. In the 
presented article, the thickness of SiO2 in the MIS 
structure is 60 nm. It is known that the dependence of 
the characteristics of a contact structure on frequency is 
determined by various processes: the inertia of the 
passage of charge carriers through the space charge 
region of the semiconductor ( 1E-11 sec ÷1E-13 sec), 
recharging of surface electronic states (1E-6 sec) and 
inertia associated with circuit reasons (1E-8 sec) [1-
3].In this regard, preference was given to the study of 
electrical parameters of Al/SiO2/p-Si from 
measurements of the static current-voltage 
characteristic. Thus, the purpose of the presented article 
is to study the main parameters of the Al/SiO2/p-Si MIS 
structure (thickness of the dielectric gap of thermal 
SiO2 is 60nm) using current-voltage characteristics 
measured at T=300K. 

The Al/SiO2/p-Si (MIS) structures were 
constructed on p-type (boron-doped) single-crystal 
silicon wafers with a (100) surface orientation. These 
wafers had a thickness of 350 μm, a diameter of 2 
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inches, and a resistivity of 1 Ω.cm. Initially, the wafers 
were degreased using organic solvents and then rinsed 
in de-ionized water with a resistivity of 18 MΩ.cm for 
10 minutes. Oxide layers, 60 nm thick, were grown at 
750°C for 1.5 hours and 900°C for 4 hours, 
respectively. After the oxidation step, circular 
aluminum dots with a purity of 99.999%, a diameter of 
1.2 mm, and a thickness of about 2000 Å were 
deposited as rectifying contacts on the oxidized surface, 
using a Si shadow mask in a vacuum system with a 
liquid nitrogen trap, maintaining a pressure of ~1E-7 
Torr. Following this, aluminum with a thickness of 
~2000 Å was thermally evaporated onto the entire back 
side of the wafer, after the oxide layer (SiO2) had been 
etched away using HF, to create ohmic/back contacts. 
The thickness of the metal layers and their deposition 
rates were measured using a quartz crystal thickness 
monitor. Finally, I–V measurements were carried out at 
room temperature using a Keithley 2400 I–V source 
meter. 

 
RESULTS AND DISCUSSIONS 
 

Figure 1 presents the typical forward and reverse-
bias semilogarithmic I–V characteristics of the 
Al/SiO2/p-Si MIS structure measured at room 
temperature. As depicted in the figure, the 
semilogarithmic I–V plot demonstrates clear rectifying 
behavior, with an exponential increase in forward 

current (IF) and a weak voltage dependence in the 
reverse current (IR). The rectification ratio (RR) for this 
structure is calculated as RR = If/Ir = 3.88. It is 
noticeable that the reverse current gradually increases 
with applied reverse bias, without showing any signs of 
saturation. This slight non-saturation or ‘soft’ behavior 
observed in the reverse-bias region of the experimental 
I–V plot may be attributed to spatial inhomogeneity 
within the contact structure [12, 23, 24]. In the case of 
inhomogeneous Schottky barrier (SB) contacts, the 
reverse current is likely dominated by current flowing 
through regions with lower Schottky barrier height 
(SBH). 

For forward bias conditions (V ≥ 3kT/q), the 
current through the SB can be described by the 
thermionic emission (TE) theory,is given by 

 

𝐼𝐼 = 𝐼𝐼0𝑒𝑒𝑒𝑒𝑒𝑒 �
𝑞𝑞(𝑉𝑉 − 𝐼𝐼𝑅𝑅𝑠𝑠)

𝑛𝑛𝑛𝑛𝑛𝑛 � �1 − 𝑒𝑒𝑒𝑒𝑒𝑒 �−
𝑞𝑞(𝑉𝑉 − 𝐼𝐼𝑅𝑅𝑠𝑠)

𝑛𝑛𝑛𝑛 ��      (1) 

 
where I0 is the reverse saturation current, where q is the 
electronic charge, A∗ is the effective Richardson 
constant and is equal to 120A cm-2K2 for p-type Si, A is 
the effective diode area, k is the Boltzmann constant, T 
is the absolute temperature in K, 𝜙𝜙𝐵𝐵0 is the zero-bias 
barrier height and n is the ideality factor . 

The reverse saturation current can be described as 
 

𝐼𝐼0=A𝐴𝐴∗𝑛𝑛2exp�− 𝑞𝑞𝜙𝜙𝐵𝐵0
𝑘𝑘𝑘𝑘

�                   (2) 

   .  

 
 

Fig.1. Semilogarithmic I–V plots for Al/SiO2/p-Si MIS structure. 
 

Once the applied voltage exceeds 3kT/q, the 
primary electrical properties of these Schottky diodes 
(SDs) can be extracted from the linear region using 
thermionic emission (TE) theory, as depicted in Figure 
2 [1, 3, 11, 13]. The forward-bias ln(I)−V plots for the 
fabricated Al/SiO2/p-Si MIS structure, shown in Figure 
2, exhibit strong rectifying behavior, where the current 
rises almost exponentially with increasing voltage at 
moderate voltage levels. The ideality factor, which 
provides insight into the diode's performance, is 
calculated from the slope of the linear region in the 

forward-bias ln(I)−V plot. According to equation (1), it 
can be expressed as follows: 
 

𝑛𝑛 = 𝑞𝑞
𝑘𝑘𝑘𝑘
�𝑑𝑑(𝑉𝑉−𝐼𝐼𝑅𝑅𝑠𝑠)

𝑑𝑑(ln 𝐼𝐼)
�                      (3) 

 
The zero-bias barrier height 𝜙𝜙𝐵𝐵0 determined from the 
extrapolated I0 and is given by 
 

𝜙𝜙𝐵𝐵0 = 𝑘𝑘𝑘𝑘
𝑞𝑞

ln �𝐴𝐴𝐴𝐴
∗𝑘𝑘2

𝐼𝐼𝑠𝑠
�                    (4) 
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Fig. 2   Semilogarithmic ln (I)–V plots of Al/SiO2/p-Si      
            MIS structure. 
 
The values of the ideality factor (n) and saturation 

current (IS) for the Al/SiO2/p-Si MIS structure were 
determined from the slope and intercept of the ln(I) vs. 
V graph (Fig. 2b). Using the calculated Is and the diode 
area (A), the barrier height (ΦB0) was then computed 
according to Eq. 4. The potential barrier height (ΦB0) 
and ideality factor (n) for the Al/SiO2/p-Si MIS 
structure were found to be 0.75 eV and 5.24, 
respectively, while the saturation current (Io) was 
calculated as 2.025E-8 A. The electrical characteristics 
of the structure are influenced by both the series 
resistance (Rs) and shunt resistance (Rsh). These values 
were calculated based on the basic application of Ohm's 
law (Ri = dV/dI) at both reverse and forward biases, as 
illustrated in Figure 3. The extracted values for Rsh and 
Rs were 2.15 MΩ and 5.13 kΩ, respectively.  

 

  
Fig 3. The voltage dependent profile of resistance (Ri)       

plot for Al/SiO2/p-Si contact structure. 

 
To investigate more clear electrical properties, 

electrical parameters (n, I0 , ΦB) were extracted from 
following Cheung’s methods Eq. 2(a-b) [25]: 

 
𝑑𝑑𝑉𝑉

𝑑𝑑(ln 𝐼𝐼)
= 𝐼𝐼𝑅𝑅𝑠𝑠 + 𝑛𝑛𝑘𝑘𝑘𝑘

𝑞𝑞
   (2a) 

 
𝐻𝐻(𝐼𝐼) = 𝑉𝑉 − 𝑛𝑛𝑘𝑘𝑘𝑘

𝑞𝑞
𝑙𝑙𝑛𝑛 � 𝐼𝐼

𝐴𝐴𝐴𝐴∗𝑘𝑘2
� = 𝐼𝐼𝑅𝑅𝑠𝑠 + 𝑛𝑛𝜙𝜙𝐵𝐵 (2b) 

 

 
   

 
 

Fig 4. a) dV/dln(I) – I    and b) H(I)-I plots for   
 

From these functions, the series resistance (Rs) 
and ideality factor (n) can be derived from the slope and 
intercept of the dV/dln(I) vs. I plot. Similarly, Rs and 
the barrier height (ΦB0) can be obtained from the slope 
and intercept of the H(I) vs. I plot. Figure 4a and 4b 
illustrate both the dV/dln(I) vs. I and H(I) vs. I graph, 
respectively, providing a visual representation of these 
relationships. Barrier height, ideality factor and series 
resistance shown in Table1. 

 
Table 1.  

Basic electrical parameters of Al/SiO2/p-Si MIS structure 
 

parameters From  Thermionic 
Emission (TE) 
Theory 

Cheung’s functions 
( dV/d(lnI)–I ) 
 

Cheung’s functions (H(I)- I) 

𝜙𝜙𝐵𝐵0(eV) 0.75 0.672 0.697 
n 5.24 6.43 7.43 
Rs(kΩ) 5.13 7.21 7.84 

 
As observed from the results, discrepancies exist 

in the parameter values calculated using different 
methods. These differences can be attributed to factors 

such as the presence of surface states, local 
inhomogeneities both in the bulk and on the contact 
surface, and the mismatch of crystal lattice parameters 
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between contacting materials. These factors introduce 
some distortion in the accurate determination of the 
main parameters. Consequently, the values obtained for 
the primary parameters of the Al/SiO2/p-Si MIS 
structure should be considered effective values rather 
than exact ones. 
 

 
 

Fig. 5. xz - (a, c) and yz -projections of the relaxed     
          structure of the Si/SiO2 superlattice for various   
          models. 
 
It is widely understood that the main 

characteristics of the electronic structure are primarily 
governed by the types of atoms involved in forming 
chemical bonds [26,27]. Studies on the equilibrium 
structure of Si/SiO2 superlattices reveal that structural 

optimization leads to significant atomic rearrangement 
from the original lattice models due to atom 
redistribution near the interfaces. Figure.5 illustrates 
two initial model structures that, after relaxation, 
produce distinct interface structures, which are likely to 
result in variations in their physical properties. 
Furthermore, research indicates that the thickness of 
both Si and SiO2 layers can impact not only the 
vibrational properties of the superlattices but also the 
atomic structure at the interfaces. 
 
CONCLUSION  
 

The parameters of the Al/SiO2/p-Si MIS structure 
were analyzed based on I-V measurements. The key 
parameters were calculated using two different 
methods: thermionic emission (TE) theory and the 
Cheng method. Upon analyzing and comparing the 
values of parameters such as the barrier height (ΦB), 
ideality factor (n) and the series resistance (Rs) obtained 
through these methods, only minor differences were 
observed. These deviations from ideal values are 
primarily due to the presence of inhomogeneities at the 
interface between the contacting materials. Both 
calculation methods are limited in their ability to 
accurately account for lattice mismatches, surface and 
bulk inhomogeneities, and the imperfections that can 
arise spontaneously during the fabrication process. As 
a result, these methods cannot fully capture the 
complexities of the material structure, leading to slight 
discrepancies in the calculated parameter values. 
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