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Metal-semiconductor (MS) or Schottky struc-
tures, which form the basis of semiconductor 

base circuit elements, formed by the tight contact 
of metal and semiconductors instead of a semicon-
ductor-semiconductor junction as in typical diodes 
constructed by p-type and n-type semiconductors 
(PN junction) in contact. In metal-semiconductor 
structures, typically used metals are gold (Au), silver 
(Ag), platinum (Pt), tungsten (W), aluminium (Al) 
and molybdenum (Mo) and semiconductors are gal-
lium arsenide (GaAs), zinc selenide (ZnSe), cadmium 
telluride (CdTe) besides mostly used Silicon (Si). The-
se structures can respond quickly to the transitions 
between conductivity and insulator states at high fre-
quencies and become widespread in production and 
use in the semiconductor industry due to their signi-
ficant advantages. The voltage drops across PN and 
Schottky junctions are approximately between 0.6 
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- 1.7 volts and 0.15 - 0.45 volts, respectively. The typi-
cal current - voltage (I-V) curve of Schottky structure 
and 3D figure of interfacial layered MS structure is
given in Fig. 1.

The lower voltage drop of Schottky diode can pro-
vide fast switching and also very low switching time. 
Besides, low power consumption, negligible storage 
time, rapid response to a change in biases are the other 
advantages of these structures. These fast switching de-
vices are used in various electronics applications, such 
as AC to DC (ADC) converters, clamping and clipping 
circuits, switch mode power supplies, digital computers, 
mixer and detectors, etc. As a result of this widespre-
ad use, many theoretical and experimental researches 
have been made on MS and interface-layered metal-
insulator-semiconductor (MIS) structures [1-4]. Metal-
polymer-semiconductors (MPS) and metal-ferroelect-

A B S T R A C T

Today, there are fairly large number of theoretical and experimental studies on metal-
semiconductor structures or Schottky structures which formed by a tight contact of the 

metal and semiconductor. Having different physical, chemical and electrical properties many 
materials have been used to produce metal-semiconductor structures with and without in-
terface layer from past to present. The distinctive properties which are not exist at other 
diodes, open for improvement and widespread use of electronic technology has led scientists 
to make studies on the metal-semiconductor structures. Considering the scientific studies on 
metal-semiconductor structures, the examination of the metal-semiconductor and the metal-
semiconductor with interfacial layer structures, the observation of its progress over time and 
the statistical analysis of academic studies in this area in Turkey have been made in this study. 
The analysis of the academic studies which are scanned in Web of Science database and made 
in Turkey were performed with data mining by using automated data collection methods 
and SQL Server Management Studio program. The statistical analysis results show that the 
academic studies made for every type of MS structure in Turkey increase for almost every 
year. Considering the academic studies conducted in 2018, the studies on MS and MPS have 
reached the highest level in all years with 118 and 13 publications. The last five years rate of 
the number of publications form nearly %45 of all-time publications and the academic stud-
ies made for every type of MS structure in Turkey increase for almost every year.

INTRODUCTION

Keywords: 
Metal-Semiconductor; Interfacial Layer; Schottky Structures; Academic studies; Statistical analysis

http://orcid.org/0000-0001-6184-5099


S.
O

. T
an

 / 
H

itt
ite

 J 
Sc

i E
ng

, 2
01
9,

 6
 (1

) 5
1–
56

52

also regulating charge transitions [5-7].

The electrical properties of MPS and MFS / MFIS 
structures are similar to those of MIS structures in case of 
the interfacial characteristics between the metal semicon-
ductors, the formation of the insulator / polymer interface 
layer, the homogeneity at the Schottky barrier height and 
the series resistance [4]. The quality of the insulating / orga-
nic / ferroelectric layer between the semiconductor surface 
and the metal semiconductors also significantly affects the 
diode performance. Attention should be paid to the choice 
of materials with a high dielectric constant, a surface passi-
vation, controlled current conduction mechanism, and the 
least leakage current as the interface layer [8,9]. The materi-
als with these properties are SiO2, TiO2, SnO2 and Si3N4 
for insulating materials, and poly-indole, poly-aniline and 
polyvinyl alcohol (PVA) for organic materials which has 
been subjected to many studies in chemistry [10-12]. Orga-
nic semiconductors have been preferred as interface materi-
als in many recent studies to modify the electrical proper-
ties of MS structures [13-16]. The most important reasons 
for choosing organic semiconductors are high cost, flexible 
and twistable structure, high loss ratio and high nonlinea-
rity. Beside MS structures, with these important properties 
organic semiconductors are widely used in electronic and 
optoelectronic applications such as organic field effect tran-
sistors (OFET), organic light emitting diodes (OLED), solar 
cells, etc., [16].

MFS and MFIS structures have been extensively in-
vestigated towards the end of the 1950s in order to acquire 
field-effect transistors (FETs) by directly growing a variety 
of ferroelectric materials on Si or by adding a dielectric la-
yer [17-19]. Due to their remarkable physical properties, re-
searches on ferroelectric materials have been increased in 
the last decade. FeRAM (ferroelectric random-access me-
mories) developed with ferroelectric thin films can store 
information without needing a stable memory unit [20]. A 
typical ferroelectric material, bismuth titanite (Bi4Ti3O12), 
is preferred over piezoelectric, optical memories, FeRAMs 
and electro-optical devices [21,22]. Due to the incompatibi-
lity in the formation of MFI structures, which are types of 
MOS structures, thin insulating layers are added to BTO / Si 
interfaces by natural or artificial oxidation method to form 
MFIS structures. It is known that the ferroelectric layer in 
the MFIS structure gains memory property to the MOS ca-
pacitor [23,24].

There are many reasons for researchers to make new 
researches on MS structures. For instance, it is possible to 
use a wide range of interlayers and doping materials, such as 
many metals with different percentages, which are able to 
increase the conductivity of interlayers. Thanks to this cha-
racteristic diversity, it is possible to develop a structure that 

ric-semiconducting or metal-ferroelectric / insulator-semi-
conducting (MFS/MFIS) are obtained when a polymer and 
ferroelectric material is used as an interface layer between 
the metal and the semiconductor. A thin layer of insulator, 
polymer, ferro-electric grown by different methods between 
the metal and the semiconductor isolates the metal from the 
semiconductor and regulates the load transitions between 
them. Solid-liquid phase separation, self-assembly, template 
synthesis and electrospinning are the most used methods to 
grow the thin interlayer between metal and semiconductor.

The first rectification with MS diodes was performed 
by Braun in 1874 using metal point contacts on lead sulphi-
de and ferrite sulphide semiconductors [2]. The developed 
shape of these contacts is Schottky barrier diodes (SBDs) 
which have a vacuum between the metal and the semicon-
ductor, and the contact potential and the current distribu-
tion is homogenous in the junction region. Afterwards, the 
calculation of the barrier between the metal and the semi-
conductor has been independently proved by Schottky and 
Mott [1]. The behaviour of the contacts formed in relation 
to the character of the MS interface occurs in two forms, 
Schottky or rectifier contact and ohmic contact. The mo-
tion of electrons in the created contacts also determines 
the contact states. In both MS and MIS type structures, 
the "rectifier contact" state occurs, if the electron motion 
in one direction is quite easy at low potential barrier height 
(forward biases), and it becomes very difficult by increasing 
potential barrier height (reverse biases) at reverse direction. 
The ohmic contact states occurs while the electrons can 
move freely in both directions.

Metal-Insulator-Semiconductor (MIS) structures are 
obtained by using natural methods or by forming an insu-
lating layer between metal and semiconductor layers by ar-
tificial oxidation method. If the thickness of this insulating 
layer is about 100-200 Å, it is called as MIS structures and 
above these values it is called as metal oxide semiconduc-
tors (MOS) structures or capacitors. Unlike MIS structures, 
MOS structures usually exhibit capacitor properties due to 
the thickness of the interface layer. In other words, instead 
of transmitting loads MOS structures store loads and this 
means they store huge amount of energy. Generally, compo-
unds such as silicon dioxide (SiO2) and tin-dioxide (SnO2) 
utilize as insulators between metal and semiconductors, 
isolating metal and semiconductors from each other and 

Figure 1. The I-V characteristics of Schottky structure and the 
structural view of the interfacial layered MS structure.
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emerges to the ideal case and improves its performance. On 
the other side, new methods can be developed to control the 
growth and assembly of nanostructures to further improve 
the development of metal and semiconductor nanostructu-
res. At the same time, in addition to isolated metal or semi-
conductor nanostructures, they can also be combined with 
super or hetero structures, resulting in many new features 
that differ from the characteristics of the main components 
through interactions such as charge and energy transfer. 
Considering these significant properties, the area of metal-
semiconductor structures is open for improvement and the 
academic studies on these structures in Turkey are increa-
sing every year. Especially in recent years, many academic 
studies have been added to the literature on MS, MOS, MPS 
and MFS / MFIS structures with both MS and interface 
layers [25-29]. The aim of this study is to examine the MS 
structures and the statistical distribution of the data obtai-
ned from the academic studies on MS structures in Turkey 
for finding out the increasing rate of the studies, their pub-
lication years and the most focusing area of MS structures. 
Automatic data collection methods were used to obtain data 
from the Web of Science database and statistical analyses 
were performed with the SQL server management studio 
program. The increment of the academic studies on distinct 
types of MS structures every year indicates the interests of 
the researchers in Turkey to this area.

MATERIALS AND METHODS
Depending on the data in the Web of Science databa-
se, automatic retrieval of information is done by a data 
retrieval method that uses a data collection program to 
periodically read the table when any new data is placed. 
Through the program, each new data search is checked 
whether predetermined criteria are met. Here, the pre-
determined criterion is the existence of word sequences 
which are included in publications at Web of Science da-
tabase such as "Metal Semiconductor" or "MS Structu-
re", "MIS Structure" OR "Metal Insulator Semiconductor". 
In addition, if the program meets the criteria, it starts a 
data retrieval by performing a web-based search based on 
the data. If the criteria are not met, the program will not 
perform data retrieval [30]. Data retrieval from the Web 
of Science database and statistical analysis with the SQL 
server management studio are done through the logic of 
the study of Automatic Data Collection Method. The sta-
tistical distributions of the studies on the MS structures 
and the analysis values of the data were transferred to 
Excel Power Pivot and the analysis results were displayed.

Keywords focused on the study are entered in the Web of 
Science database as all possible word sequences for MS, 
interface layered MIS, MPS, MOS and MFS/MFIS struc-
tures in order to avoid bypass any publication in this area.

RESULTS AND DISCUSSION
Many electronic circuits and devices use the MS in-
terface as Schottky contacts or as ohmic contacts. MS 
structures, which have been developed in the past as 
microwave diodes and radar and radar detectors, are now 
widely used in many areas, such as solar cells, varactors 
and switching circuits, metal-semiconductor field effect 
transistors (MESFETs). The factors that lead the researc-
hers to study on MS structures can be explained as it is 
an open for improvement area by forming different ma-
terials and structures and the expansion of its application 
field is consistently increasing.

Many scientific researches and academic studies have 
been made in Turkey over the past decade. The distribution 
of the number of academic studies scanned in Web of Sci-
ence database on MS structures in Turkey by years is pre-
sented in Fig. 2.

Especially in the last decade, the increment rate of the 
number academic studies on MS structures in Turkey can 
clearly be seen in Fig. 2. The academic studies on MS struc-
tures in Turkey reaches the highest level in 2014 and 2015 
and it is expected to increase in the future as well when con-
sidering the interest given to this area. It can be predicted 
that, the increase in the number of researchers and their 
co-operations and the examinations of different types me-
tal and semiconductor structures due to various parameters, 
such as temperature, frequency and radiation, are the rea-
sons of this increment between 2014-2015. When an insula-
ting layer is added between the metal semiconductors, MIS 
structures are formed, and it is known as MPS and MFS / 
MFIS structures when organic polymers and ferroelectric 
materials are used as an interface layer. The distribution of 
the number of Web of Science database indexed academic 
studies in Turkey on MIS, MPS and MFS/MFIS structures 
by years is given in Fig. 3.

As clearly seen in Fig. 3, until the last five years there 
has not been any academic studies made in Turkey on MPS 
type structures. However, even if a small number of acade-
mic studies has been made in this area it was later unco-
vered that the polymer interface layer enhanced the quality 

Figure 2. Distribution of the number of Web of Science database 
indexed academic studies on MS structures in Turkey by years.
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and performance of the MS structures. The increment of 
the polymer materials usage at semiconductor technology 
in recent years indicates that the academic studies on these 
structures will increase in the following period. On the ot-
her hand, although ferroelectric materials are used as inter-
faces at MS structures earlier than polymer materials, it is 
observed that ferroelectric materials are less preferred than 
polymer materials as an interlayer. As mentioned earlier, the 
addition of an insulator interface layer between the metal 
and the semiconductors, such as natural or thermal oxida-
tion, forms MIS and MOS type structures. If the thickness 
of the insulator layer which isolates the metal and semicon-
ductor layers is less than 100 Å, MIS type structure are for-
med otherwise it will be MOS type structure. The statistical 
analyses of the academic studies in Turkey scanned at Web 
of Science database on MOS type structures is presented in 
Fig. 4.

The number of academic studies made on MOS struc-
tures has lagged behind the number of academic studies 
made on the MIS structures in Turkey. This situation may 
be explained by the availability of compounds such as sili-
con dioxide (SiO2), tin-dioxide (SnO2) as an interface insu-

lating layer and by the fact that diode production capable of 
fast switching is more preferred than capacitor production. 
In order to see and compare clearly, the total number of aca-
demic studies indexed in Web of Science database for every 
type of MS structure are presented in Table 1. On the other 
hand, the number of academic studies on MS structures 
were comparatively analysed in the world and in Turkey in 
previous article [31]. According to this research, approxima-
tely 5% of the total publications in the world indexed in Web 
of Science database on MS structures are from Turkey. This 
rate was 4% for MIS structures, 29.4% for MPS structures, 
3% for MFS / MFIS structures and 1% for MOS structures 
[31]. The rates here indicate that MPS type structures have 
been considerably attracted in Turkey in recent years. This 
information is supported by the results which included 
some leading countries such as USA, China, Russia, India 
and Germany in addition to Turkey. The total number of 
academic studies on with and without interlayer MS struc-
tures by these leading countries and Turkey are given in 
Fig.5.

Referring to Fig.5 and Table 1, Turkey seems to be lag-
ging behind in almost all areas except the MPS structures 
between leading countries of the world. However, when we 
look at the studies on MS, MIS and MFS / MFIS structures, 
it is seen that it has almost the same number of studies with 
the countries except USA and China. The number of publi-
cations on the MPS structures in Turkey appears to be grea-
ter than the number of total publications in all other leading 
countries. This shows that MPS structures are attracted too 

Figure 3. Distribution of the number of Web of Science database 
indexed academic studies in Turkey on a) MIS b) MPS and MFS/MFIS 
structures by years.

Figure 4. Distribution of academic studies by years on MOS structures 
and indexed in Web of Science database in Turkey.

Figure 5. Distribution of the total number of academic studies indexed 
in Web of Science database in all years on with and without interlayer 
MS structures by countries.

Table 1. The number of academic studies indexed in Web of Science 
database on MS and interlayered MS structures in Turkey and some le-
ading countries.

SOME LEADING COUNTRIES ON WITH AND WITHOUT INTERFACIAL LAYER 
MS STRUCTURES

TYPES OF MS 
STRUCTURES USA CHINA RUSSIA INDIA GERMANY TURKEY

MS 9305 6003 1537 2661 3153 1402

MIS 744 530 252 324 242 230

MPS 16 12 1 1 6 38

MFS/MFIS 67 100 6 37 23 18

MOS 5256 2563 255 1094 1026 165
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much interest in Turkey. Contrary to this, the studies on the 
MOS structures in Turkey left behind the other leading co-
untries.

CONCLUSION
In the light of the analysis results, it can obviously be seen 
that the academic studies on MS structures increased 
with the years of 2000s and the number of academic stu-
dies has increased almost every year. Comparing with the 
leading countries as USA, China, Russia, India and Ger-
many, the number of publications on MS, MIS and MFS / 
MFIS in Turkey are very close to the number of publica-
tions made in Russia, India and Germany. Meanwhile, in 
comparison with the academic studies on MS structures 
in Turkey, the number of academic studies on MIS, MPS 
and MFS / MFIS structures seem to be considerably less. 
This can be explained by the adverse effects of the in-
terlayer that reduces the MS structure's quality. Another 
reason for the smaller number of academic studies on in-
terfacial layered MS structures is the organic polymers 
usage as an interlayer on MS structures is almost a new 
area. Although polymers have been used as an interlayer 
for a few years, it is also a remarkable situation that the 
number of publications on the MPS structures in Turkey 
appears to be greater than he numbers of total publicati-
ons in all other leading countries. Moreover, the increase 
in the number of academic studies on organic polymers 
used as interfacial layers in MS structures over the last 
five years indicates that the studies on MPS structures 
will increase every year. On the other hand, it is certainly 
known that, as given for some leading countries, there 
are also a lot of researches and academic studies on MOS 
structures around the world. However, in Turkey, the 
number of academic studies scanned in Web of Science 
database on MIS structures are more than the academic 
studies on MOS structures.
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