
Structural and morphological analysis of rf sputtered

nano ZnSe coatings as a function of thickness:

investigation of the effect of metal contact on MIS

structure with ZnSe interfacial layer
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ABSTRACT

In this study, to examine the effect of the thickness difference on the physical

properties, ZnSe thin films with three different thicknesses were deposited by

the RF sputter technique on Si substrates. Measurements were carried out in

XRD and AFM systems to determine the effect of films thickness deposited at

100, 300, and 600 nm on physical properties. It was observed that the crys-

tallinity increased, and the surface roughness decreased with the increase in

thickness. 600 nm thick ZnSe thin film was chosen for both XPS analysis and

fabrication of Schottky diodes due to its high crystallinity and large grain size.

XPS analysis was performed for the determination of the binding energy and

elemental analysis on ZnSe. In addition, the effect of different metal contacts on

the performance of MIS structures formed with a 600 nm thick ZnSe thin film

interfacial layer produced using Au, Ag and Al metals was investigated in

detail. Therefore, I–V measurements were performed to examine the electrical

properties with Au/ZnSe/Si, Ag/ZnSe/Si ve Al/ZnSe/Si MIS structures. The

Schottky diodes’ performances were compared with each other by Thermionic

Emission Theory, Cheung I–II, and Norde functions methods. Results show that

Au/ZnSe/Si MIS structure performed better than the others.
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1 Introduction

Zinc Selenide (ZnSe) is a solid semiconductor formed

by combining the group II element Zn and the group

VI element Se [1]. Binary compounds containing Zinc

(Zn) offer a wide band gap, low absorption proper-

ties, and high optical transmittance in the visible

region, making ZnSe a promising material for opto-

electronic device applications [2, 3]. ZnSe has a large

optical band gap of 2.7 eV [4, 5], high refractive index

value, high transparency in the visible province, and

a large exciton binding energy of 22 meV, providing

unique electrical and optical properties. Due to its

high sensitivity in various device applications in the

visible and ultraviolet regions of the solar spectrum,

ZnSe has attracted increasing interest [3]. ZnSe thin

films have shown great potential for use in light

emitting diodes [6], dielectric mirrors [7], sensors [8],

photodiodes [9], photoluminescence, photodetectors,

and lasers [10]. Various deposition techniques,

including physical and chemical methods, have been

used to grow ZnSe thin films on different substrates

[3, 11]. Radio Frequency (RF) Magnetron Sputtering

[12], Chemical Vapor Deposition (CVD) [13], Molec-

ular Beam Epitaxy (MBE) [14], Electron Beam Eva-

poration [15], thermal Evaporation technique [16],

and Sol–Gel Process [17] are some of the methods

used for this purpose. The sputtering technique has

proven to be effective in ensuring high-quality, uni-

form, and controllable film thickness [18–21]. There-

fore, this study focuses on the deposition of ZnSe thin

films using RF Magnetron Sputtering [22, 23].

Si-based technologies have a wide usage area for

today’s device applications since it is cheaper and

contains known technology, and Si is used as a sub-

strate or active layer in many electro-optic device

configurations [24–33]. Among these technologies,

Metal–semiconductor (MS) structures [24–26] formed

by making metal contact with Si substrate, metal-in-

terface layer-semiconductor (MIS/MOS) structures

[27–33] formed by placing an interface layer between

Si substrate and metal contact have an important

place. Therefore, important device indicators such as

device performance, quality, and sustainability can

be evaluated by performing electrical analyzes of MS

and MIS/MOS structures. Among these electrical

analyzes, the fundamental electrical parameters of

the structure, such as ideality factor, barrier height,

and series resistance, can be determined by per-

forming current–voltage analysis of MS and MIS/

MOS structures. Thus, whether the relevant structure

is suitable for device applications is indicated.

ZnSe thin films with low film thicknesses have a

narrow band gap and can be used in various appli-

cations, including lasers, optical switches, dielectric

mirrors, and high electron mobility transistors

(HEMTs). The narrow band gap of thin films with

low film thickness makes them suitable for applica-

tions that require high-energy photon absorption,

such as in solar cells and photodetectors. On the other

hand, ZnSe thin films with high film thicknesses can

be used in optoelectronic devices due to their supe-

rior structural and morphological properties. These

thin films exhibit excellent crystallinity and mor-

phological uniformity, making them ideal for appli-

cations requiring high-quality thin films. Moreover,

thin films with high film thicknesses have a wider

bandgap, making them suitable for applications

where low absorption of high-energy photons is

required, such as in infrared photodetectors. Zinc

selenide (ZnSe) thin films have gained significant

attention due to their potential applications in opto-

electronics, solar cells, and photoelectrochemical

devices. There are some publications in the literature

on research on ZnSe [1, 34]. Abu et al. [1] performed

structural optical and electrical characterizations of

the ZnSe thin films they grew for different film

thicknesses between 30 and 90 nm. In our study,

unlike this, we varied the film thicknesses between

100 and 600 nm. It was aimed to observe the differ-

ences or similarities in the data obtained in the

characterizations of the thickness difference. Hassa-

neen et al. [34] coated ZnSe thin films with different

thicknesses between 200 and 650 nm by thermal

evaporation technique. The structural, morphological

and optic characterizations of the films show that

increasing the film thickness leads to an increase in

the crystalline quality and energy band gap, similar

to the results obtained in our study. In addition, we

took this study one step further and investigated the

device with electrical characterization. In the present

study, we investigated the effect of film thickness on

the structural and morphological properties of ZnSe

thin films deposited on silicon substrates using radio

frequency (RF) sputtering at room temperature.

Three different ZnSe thin films with thicknesses of

100 nm, 300 nm, and 600 nm were deposited using

RF sputtering, and their structural and morphological

properties were characterized using various tech-

niques. The results showed that the particle size and
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root mean square values of the 600 nm thick ZnSe

thin film were higher than the other samples, and the

Full Width Half Maximum value was lower than the

other samples. Therefore, the focus is on electrical

analysis for the ZnSe thin film structure with a

thickness of 600 nm. Schottky Barrier Diodes (SBDs)

were fabricated on the ZnSe thin film with a thickness

of 600 nm using different metal contacts, including

Au, Ag, and Al. The I–V characteristics of the SBDs

were investigated, and the basic electrical parameters

were determined using three different methods:

thermionic emission (TE), Cheung I–II, and Norde

methods. The results showed that the SBD formed

with an Au contact outperformed the others due to its

low ideality factor and low series resistance values.

The study highlights the importance of film thickness

on the structural and morphological properties of

ZnSe thin films and the performance of SBDs fabri-

cated on them. The results provide useful insights for

developing ZnSe-based optoelectronic devices and

pave the way for future research in this area.

2 Experimental

2.1 Preparation of ZnSe thin films

Si substrates were used for ZnSe thin film coating and

fabrication processes. Before deposition, substrates

were cleaned with acetone and isopropanol using an

ultrasonic bath for 10 min to remove undesired par-

ticles. Then, it dried using nitrogen gas (N2). Sput-

tered ZnSe thin films were deposited with different

thicknesses by Radio Frequency Magnetron (RF)

sputtering technique (Nanovak NVTS-500) using

ZnSe (2 Inch and 99.99% purity) target. Deposition

time is the significant parameter in obtaining ZnSe

films with different thicknesses varying from 100 to

600 nm. During the implementation, the substrates

were kept at room temperature while rotated at

5 rpm. The RF power and the Argon pressure in the

chamber were maintained constant at 100W and

30 m Torr, respectively. The deposition parameters

are given in Table 1.

2.2 Diode fabrication

For MS junction diode fabrication, ZnSe coated Si

substrates were loaded into the evaporation system.

Firstly, when base pressure reached the value of

133 9 10–6 Pa, aluminum (Al) metal evaporated at

200 nm thickness on the back side of the Si. Then, the

samples were placed into a rapid thermal annealing

system for 1 min under 5 9 10–5 mbar at 300 �C for

forming low resistivity ohmic back contact. Secondly,

to fabricate the Schottky diodes, Au, Ag, and Al metal

top contacts were deposited under base pressure

266 9 10–6 Pa using the thermal evaporation tech-

nique. The parameters used in the fabrication process

of the diodes are given in Table 2. The evaporated

metals formed circular dots of 0.675 lm in radius on

the top of the substrates using a shadow mask tech-

nique. The designs of all contacts are shown in Fig. 1,

and the images of the contacts are given in Fig. 2.

2.3 Characterization

The films’ thicknesses were verified using a stylus

profilometer (Veeco-Dektak 150). X-ray diffraction

measurements were carried out using a Bruker D8

Advance with Cu-Ka (k = 1.5418 Å) radiation

diffractometer. The composition of these films was

examined with an Omicron X-ray photoelectron

(XPS) device using a non-monochromatic Mg Ka ex-

citation source (ht = 1253.6 eV). To determine the

thin films’ crystallinity, the films’ surface morphol-

ogy was examined by using Atomic Force Micro-

scope (NanoMagnetics Instruments Ltd., Oxford,

UK), in dynamic mode. To examine the electrical

characterization of the device, (I–V) current–voltage

characteristic was measured with the help of a

Keithley 4200 semiconductor parameter analyzer by

two probe technique at room temperature. All pro-

cesses performed throughout the study are shown in

Fig. 3 as a flowchart.

Table 1 Deposition

parameters Thickness(nm) Deposition Time(min) RF Power(W) Pbase (Pa 9 10–6)

100 11 100 133

300 33 100 133

600 55 100 133

J Mater Sci: Mater Electron (2023) 34:1290 Page 3 of 14 1290



Table 2 Contact evaporation

parameters Parameters Au Ag Al

Pbase (Pa) 266 9 10–6 266 9 10–6 266 9 10–6

Pdeposition (Pa) 133 9 10–6 133 9 10–6 133 9 10–6

Substrate Rotation Speed (rpm) 5 5 5

Substrate Temperature (�C) Room temperature Room temperature Room temperature

Deposition Power (W) 280W 250W 230W

Thickness (nm) 200 200 200

Fig. 1 Schematic structures of

Schottky contact a Au, b Ag,

and c Al

Fig. 2 Pictures of produced

a Au, b Ag, and c Al contacts

Fig. 3 Flowchart of the experimental procedure
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3 Result and discussion

3.1 Structural and morphological
characterization

3.1.1 XRD analysis

Structural characterization of the films produced was

performed by using XRD. In Fig. 4, the results from

XRD measurements were shown for ZnSe samples

with three different thicknesses. ZnSe cubic structure

(JPDS Card No. 01-081-8293) could be observed in the

XRD patterns; the most prominent peaks are in the

(111) orientation. The peak with high intensity cor-

responding to the (111) miller plane became stronger

and sharper with increasing film thicknesses. There-

fore, (111) orientation is the dominant crystal plane

for all ZnSe produced films.

In order to examine the effect of the film thickness

difference on the structural properties of ZnSe thin

films in more detail, the strain was calculated toge-

ther with the crystal structure parameters, such as

grain size and lattice constant, using XRD data. The

computed results are summarized in Table 3. It was

observed that the ZnSe thin films were in the poly-

crystalline structure, and the crystallinity increased

as the film thickness increased. The literature has

confirmed that the crystallinity increases with an

increment of film thickness [35, 36]. This increase in

crystallinity could be attributed to increased aggre-

gation, rearrangement of atoms, and decreased strain

during film growth [34]. Structural parameters ZnSe

film, including interplanar spacing of a material with

a cubic crystal structure (dhkl), the average grain size

of the film from the Debye- Scherrer formula (D), and

strain on the film surface (ea) can be obtained by

using Eqs. (1, 3), respectively.

dhkl ¼
a

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

h2 þ k2 þ l2
p ð1Þ

D ¼ kk
b cos cos h

ð2Þ

ea ¼ Da
ao

¼ ao � a

ao
ð3Þ

where a is the lattice constant,ao is the reference lattice

constant (theoretical value), k is a numerical factor

called the crystallite-shape factor, with a value of

about 0.94 for cubic systems, k is the wavelength of

the X-Ray, b is the Full Width Half Maximum

(FWHM) and h is the Bragg angle [37–40]. The

growth orientation of the crystals affects the XRD

peak intensity, while the position of the XRD peaks is

affected by the grain size. Also, the FWHM values are

inversely related to the crystallite size [41, 42]. As can

be seen in Table 3, FWHM values decreased with

increasing grain size for samples.

3.1.2 AFM analysis

The surface morphology of ZnSe thin films was

analyzed by the AFM system. All measurements

were made in a 3x3 lm2 area and at room tempera-

ture. Two-dimensional (2D) topographic images of

ZnSe thin films with three different film thicknesses

are given in Fig. 5. As can be seen, the surface mor-

phology of the films produced is homogeneous, and

the particles have a regular shape and size.

The root mean square (RMS) values of the surface

roughness obtained in the AFM measurement

increased from 1.37 nm to 2.16 nm according to the

increasing film thickness, and these values are given

in Table 4. This indicates that the surface coating

improves significantly as the film thickness increases.

It was observed that the particle size increased due to

the incrementation in crystallite agglomeration with

the increase in film thickness [43, 44].

3.1.3 XPS analysis

X-ray photoelectron spectroscopy (XPS) is a powerful

spectroscopy technique that is widely used in phy-

sics, chemistry, and especially in materials and

chemical engineering to understand the surface
Fig. 4 XRD patterns of ZnSe films
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chemistry of a material, analyze binding structures,

and examine the properties of surfaces and interfaces.

In the XPS technique, the chemical environment in

which an atom is located, and the properties of the

bonds have an effect on the binding energies of

electrons at the nuclear level [45, 46]. This situation

causes changes in the bonding structure due to the

effect of the material’s surface treatment or deposi-

tion parameters. The binding energies determined by

XPS spectroscopy can be compared with the values in

the literature [47]. Accurate determination of binding

energies in the XPS spectrum is possible by correctly

calibrating the energy scale of the spectrometer.

Various conventional methods are available for

calibrating binding energies [45], even if the material

to be examined has low conductivity or poor contact

structure properties, i.e., not a sufficient charge den-

sity. For example, the surface contamination layer’s

C1s peak, also known as the charge reference, uses

so-called adventitious carbon (AdC). Thus, it can be

presented as a binding energy reference. However,

problems such as the binding energy referencing

technique involving the C1s peak, inconsistencies in

the referencing methodology, the lack of a well-de-

fined energy value of C1s, and the complex chemical

structure of contamination types greatly reduce the

reliability of chemical structure identification in XPS.

To overcome this problem, groundbreaking and

innovative studies have been carried out recently in

the XPS literature by G. Greczynski and L. Hultman.

These studies present a comprehensive referencing

technique on various material systems, including

metals, nitrides, carbides, borides, oxides, and

oxynitrides [45, 48–55]. In order to eliminate the

conventional and traditional status quo interpretation

technique, especially in the calibration of the adven-

titious carbon’s C1s peak, and to eliminate false

spectral interpretations, we used the binding energy

referencing process developed by L. Hultman, which

analyzes the C1s peak of AdC extensively analyti-

cally [45].

The binding energy of the C–C/C–H peak of AdC

varies depending on the sample work function (/SA)

in which it is accumulated and is EB þ /SA=constant.

A constant value of EB þ /SA indicates that C1s do

not change with the vacuum level [45]. This constant

EB þ /SA value was determined as 289.58 ± 0.14 eV

for various material systems exposed to air between

7 min and 10 months [28, 45, 53].

In light of this information, we calculated the

binding energies of the C–C/C–H peak of AdC

(EC�C=C�H
B ) based on the work function of ZnSe

Table 3 Parameters calculated from XRD patterns ZnSe thin films

Thickness (nm) hkl 2h (̊) FWHM (nm) Grain Size (nm) Lattice Constant ‘‘a’’(Å) Strain (ea)

100 [111] 27.857 0.768 11.14 5.5471 0.006188

300 [111] 27.844 0.342 25.01 5.5496 0.006035

600 [111] 27.318 0.247 34.63 5.5726 0.00162

Fig. 5 2D AFM images

a 100 nm b 300 nm c 600 nm

Table 4 RMS values of ZnSe thin films

Film Thickness (nm) Grain Size (nm) RMS (nm)

100 16 1.37

300 34 1.49

600 45 2.16
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(/ZnSe) in the reference process of XPS data, according

to the following expression:

EC�C=C�H
B ¼ 289:58 � /ZnSe ð4Þ

The work function of ZnSe is 4.501 eV [56]; thus the

binding energy of the C–C/C–H peak of AdC for

ZnSe was calculated as 285.08 eV. The C–C/C–H

peak of AdC is set to this value, and all other nuclear

levels, such as Zn 3d, Zn 2p, Se 3d, and Se 2p are

calibrated accordingly. In this study, a detailed XPS

analysis was carried out for the 600 nm thick ZnSe

structure with a large grain size and good crystallite.

The C1s peak of AdC and the contamination ele-

ments such as C and H for 600 nm thick ZnSe are

given in Fig. 6.

Since the ZnSe material system was exposed to the

air environment before XPS measurement, the shapes

and relative intensity distributions of the O–C=O and

C–C/C–H peaks vary. Similar changes were

observed in the trends and shapes of C1s core level

spectra in studies in the literature [28, 45, 52, 53]. The

binding energy of the C–C/C–H peak is 285.08 eV,

and this value can present variability in the literature

according to different material systems and work

functions of the materials [28, 45].

To confirm the presence of the ZnSe phase grown

on Si substrate, XPS contains three elements, Zinc

(Zn), Selenium (Se), Carbon (C), in the binding

energies range of 10 eV to 1050 eV. A detailed XPS

peak modeling of Zn 3d, Zn 2p, Se 3d, and Se 2p core

level spectra obtained from ZnSe films exposed to air

at 700 nm thickness using a Shirley type background

and Voigt function is given in Fig. 7.

Investigations regarding chemical composition and

the presence of each element were made by analysis

of XPS spectra for Zn, Se, and C. Calibration of the Zn

3d, Zn 2p, Se 3d, and Se 2p core levels was adjusted

according to the C–C/C–H transition of the C1s peak

of AdC. The core level spectra for Zn 2p1/2 and Zn

2p3/2 are 1041 eV and 1017.73 eV, respectively. The

spin-orbit splitting for Zn 2p is 23.27 eV and is con-

sistent with values in the literature

[57–60]. The core level for Zn 3p is 1.38 eV and is

very close to the values observed in the literature [60].

Figures 7c, d show that when the Se 2p and Se 3d

core level spectra are examined, the binding energies

for Se 2p1/2 and Se 2p3/2 are 166.98 eV and 161.62 eV,

respectively, and are very close to the values in the

literature [60, 61]. In addition, the binding energy

separation between the two peaks for Se 2p depends

on the chemical state of the Se atoms, and the spin-

orbit splitting value for Se 2p1/2 and Se 2p3/2 is 5.36

eV. The binding energies for Se 3d3/2 and Se 3d5/2 are

56.19 eV and 55.11 eV, respectively, and are consis-

tent with the values observed in the literature [60–62].

For the determination of C and H contamination

elements and Zn/Se stoichiometry, in examining the

XPS spectra given in Fig. 6, it is possible to perform

quantitative analysis by analyzing the peak at each

energy level and fitting it to the experimental data

without resorting to any software and manual. For a

material system containing n elements, the molar

concentration of any element i is given as xi, Ai is the

area of the relevant core-level peak, and si is the rel-

ative sensitivity factor (RSF) [28]:

xi ¼
Ai

si
Pn

i
Ai

si

� � ð5Þ

Atomic concentration values were calculated by

determining the molar concentration for Zn and Se in

the ZnSe material system. In Table 5, surface atomic

concentrations and binding energies of core-level

Fig. 6 a Detailed XPS peak modeling for the fitted C1s spectrum

of ZnSe exposed to air at 600 nm thickness for more than one

month using the Shirley-type background and Voigt functions.

b Numerical values of O–C=O, C–O, and C–C/C–H levels

containing contamination elements such as C and H
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levels are given for determining Zn/Se stoichiometry

obtained from XPS spectra for ZnSe. By analysis, the

atomic percentages of Zn and Se elements for ZnSe

were determined as 34.46% and 35.10%, respectively.

With these percentages, it is understood that the Zn/

Se stoichiometry is 0.98. The high carbon ratio is due

to the fact that ZnSe has been exposed to the atmo-

sphere for a long time and the C contamination is

quite high on its surface. In addition, a similar effect

is seen in the literature with the contribution of the

adhesive tape on which the sample is held [28].

Fig. 7 Detailed XPS peak modeling of 600 nm thick ZnSe exposed to air for more than one month for a Zn 3d, b Zn 2p, c Se 3d, and d Se

2p core level spectra fitted using Shirley-type background and Voigt functions. The numerical value of each energy sink is given in Table 1

Table 5 Binding energies of core-level levels obtained from XPS spectra for ZnSe and surface atomic concentrations for determination of

Zn/Se stoichiometry

State Zn Se C 1 s

3d 2p3/2 2p1/2 3d5/2 3d3/2 2p3/2 2p1/2 C–C/C–H C–O O–C=0

Binding energy (eV) 11.38 1017.73 1041.00 55.11 56.19 161.62 166.98 285.08 286.73 289.12

Atomic concentration (%) 9.12 12.15 13.19 6.85 7.28 12.23 8.73 2.38 1.13 26.92

34.46 35.10 30.44

1290 Page 8 of 14 J Mater Sci: Mater Electron (2023) 34:1290



3.2 Electrical characterization

In order to analyze whether the structure with 600

nm ZnSe layer whose structural and morphological

characterization has been completed, which has the

largest grain size, good crystallite, and low FWHM

value, is suitable for an electronic device, the elec-

trical characteristic at room temperature was exam-

ined. In this current work, a detailed I-V analysis of

Metal/ZnSe/Si MIS structure obtained by using dif-

ferent metal contact layers (Au, Ag, and Al) was

performed.

I–V measurements were performed for Au/ZnSe/

Si, Ag/ZnSe/Si, and Al/ZnSe/Si MIS structures

produced on ZnSe films on the 600 nm thickness,

which have large grain size and crystal quality. The

basic electrical parameters of the MIS structures were

calculated using three different methods: TE, Cheung

I–II, and Norde functions. The reason for choosing

these methods is to obtain reliable and valid results

and to be comparable to each other. Figure 8 shows

the semi-logarithmic scale I–V curves of three dif-

ferent metal contacts. When these graphs were

examined, it was clearly seen that the diodes pro-

duced were diodes with rectifier characters [63]

(Fig. 9).

When the forward bias voltage was applied to the

MIS structures, the thermionic emission theory

explained current flow. Thermionic emission theory

can be defined by,

I ¼ I0 exp
e V � IRsð Þ

gkT

� �

� 1

� �

ð6Þ

where V–IRs is the voltage dropped across the series

resistance (Rs) and I0 is the saturation current

expressed by [64].

I ¼ AA�T2 exp exp
�e/b

kT

� �

ð7Þ

The ideality factor (g) and the barrier height /b ()

can be expressed by Eqs. 8 and 9, respectively

[65, 66];

g ¼ e

kT

dV

d lnIð Þ

� �

ð8Þ

/b ¼ kT

e
ln

AA�T2

I0

� �

ð9Þ

where e, k, T, A, and A� is the electric charge, the

Boltzmann’s constant, temperature (K), contact area,

and Richardson constant, respectively [67, 68].

Moreover, the significant electrical parameters such

as g; Rs and /b can be calculated from the Cheung I–II

functions, using the linearity in the region where the

forward bias I–V graph begins to bend downward.

Cheung I function can be defined as,

dV

d lnIð Þ ¼ gkT
e

þ IRs ð10Þ

The current-dependent graph of the left side of the

equation shows linearity and the slope of this linear

region gives the series resistance (Rs), while the ide-

ality factor (g) value is obtained from the intersection

of the dV
d lnIð Þ axis [64]. Cheung II function can be

defined as,

H Ið Þ ¼ V � gkT
e

� �

ln
I

AA�T2

� �

¼ g/b þ IRs ð11Þ

A linear region is obtained when H(I) is plotted

against I. The series resistance (Rs) can be calculated

from the slope of this linear region and the barrier

height /b from the point where it intersects the ver-

tical axis. Another way to calculate series resistance

and barrier height is the Norde method. Norde

function can be expressed as,

F Vð Þ ¼ V

c
� kT

q
ln

I Vð Þ
AA�T2

� �

ð12Þ

Fig. 8 The semi-logarithmic scale I–V curves of three different

metal contacts
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/b ¼ F V0ð Þ þ V0

c
� kT

q
ð13Þ

Rs ¼ kT c � gð Þ
I

ð14Þ

c is the smallest integer greater than the ideality

factor, which is extracted from the ln(I)–V graph/b.

and Rs can be obtained from the Eqs. (13, 14),

respectively [69–71].

The electrical properties of the fabricated ZnSe thin

films with different metal contacts were summarized

in Table 6, which revealed that the MIS structure

formed using Au metal showed better electrical per-

formance compared to those formed using Al and Ag

metals. The values of basic electrical parameters,

including ideality factor, barrier height, and series

resistance, were found to be significantly influenced

by the choice of metal contact. The MIS structure

formed with Au metal contact exhibited an ideality

factor of 3.81 and a barrier height of 0.835 eV, which

were in agreement with the findings of a study by

Çakıcı et al. [38].

4 Conclusion

ZnSe thin films with three different thicknesses were

deposited by the sputtering technique on Si sub-

strates. As a result of the characterizations, MIS

structures fabrication was performed ZnSe thin film

with 600 nm thickness because of having high crystal

Fig. 9 Plot of dV/dIn(I)—I, H(I)—I and F(V)—V for a Au, b Ag, and c Al metal contact

Table 6 Comparison of g, /b0 and Rs values obtained by

Thermionic Emission, Cheung I-II and Norde methods for three

different metal contacts

Parameters Method Au contact Ag contact Al contact

g lnI–V 3.81 4.10 4,68

dV/dln(I) 7.67 11.24 11.76

/b0(eV) lnI–V 0.755 0.779 0.747

H(I) 0.835 0.719 0.662

F(V) 0.718 0.766 0.725

Rs(X) lnI–V 1867 6346 3190

dV/dln(I) 1865 9763 4878

H(I) 239 1803 967

F(V) 7294 5349 3742
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quality and uniform morphology. It was observed

that the particle size increased from 11.14 to 34.63 nm

with the increase of the film thickness, while the

strain value decreased. These data also support that

the increase in film thickness increases the crys-

tallinity. The surface morphology measurements

observed that the particle size increased from 16 to

45 nm as the film thickness increased. In addition, the

AFM images prove that the film has a more homo-

geneous surface with the increase in thickness. With

detailed analysis of XPS spectra, surface atomic con-

centrations and binding energies of core-level levels

are determined for Zn/Se stoichiometry in ZnSe. The

atomic percentages of Zn and Se elements for ZnSe

were calculated and thus Zn/Se stoichiometry is

obtained as 0.98. Then Au/ZnSe/Si, Ag/ZnSe/Si,

and Al/ZnSe/Si MIS structures were fabricated and

investigated. The electrical characterization shows

that Au/ZnSe/Si Schottky diode with g = 3,81,

/b0 = 0,718 eV and Rs = 239 X has better diode per-

formance. The produced Au/ZnSe/Si MIS structure

was determined as appropriate for optoelectronic

applications.
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