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Abstract 

The aim of this study is to produce a diode, which is a basic 
electronic circuit element, and analyze its physical 
characterization. In this study, a diode was produced from CdS 
and C10H10N2 films, and its structural, optical, and electrical 
properties were investigated. First, a thin CdS film was 
deposited on an ITO substrate using the CBD method. Then, a 
C10H10N2 film was coated on this CdS film by the spin coating 
method. The CdS film has n-type semiconductor properties, 
whereas the C10H10N2 film has p-type semiconductor properties. 
XRD, SEM, AFM, UV-Vis spectroscopy, and IV measurements 
were performed on the produced films. According to the XRD 
result, a sharp peak at 27.07° was observed in the hexagonal 
phase of CdS. At this angle, a grain size of 33.3 nm was calculated 
according to the XRD result. Based on the SEM and AFM 
measurement results, it was determined that the film surface 
was uniform and dotted. According to the UV-Vis results, in 
addition to the d→d* transition, π→π* and n→π* transitions 
were also observed. From the I-V diagram, it was seen that the 
heterojunction structure of the CdS/C10H10N2 films had a diode 
property. The value of rectification factor was calculated as 
2.91x102 from the I-V data. In addition, the ideality factor was 
calculated as 1.93 using the traditional method. 
 
Keywords: Diode; CdS; 4-amino-2-methylquinoline; C10H10N2; Thin Film 

Öz 

Bu çalışmanın amacı elektronik temel devre elemanı olan bir 
diyot üretmek ve bununla ilgili olarak fiziksel 
karakterizasyonunu araştırmaktır. Yapılan bu çalışmada CdS ve 
C10H10N2 filmlerinden bir diyot üretilerek yapısal, optik ve 
elektriksel özellikleri incelendi. İlk olarak ITO alttaş üzerine CBD 
yöntemiyle CdS ince filmi üretildi. Daha sonra bu CdS filmin 
üzerine spin coating yöntemiyle C10H10N2 filmi kaplandı. CdS 
filmi n-tipi ve C10H10N2 filmi ise p-tipi yarı iletken özelliğine 
sahiptir. Üretilen filmlerin XRD, SEM, AFM, UV-Vis Spektroskopi 
ve IV ölçümleri alındı. XRD sonucuna göre CdS’in heksagonal 
fazda 27,07° de keskin bir pik gözlendi. Bu açıdan tanecik 
büyüklüğü XRD sonucuna göre 33,3 nm olarak hesaplandı. SEM 
ve AFM ölçüm sonuçlarına göre düzenli ve boşluklu bir film 
yüzeyinin olduğu gözlendi. UV-Vis sonucuna göre d→d* 
geçişinin yanısıra π→π* ve n→π* geçişleri de gözlendi. I-V 
grafiğinden CdS/C10H10N2 filmlerinin hetero junction yapısının 
diyot özelliğine sahip olduğu gözlendi. I-V verilerinden düzeltme 
faktörünün değeri 2.91x102 olarak hesaplandı ve ilgili grafiği 
çizildi. Ayrıca idealite faktörü geleneksel yöntemle 1,93 olarak 
hesaplandı. 
 
 
 

Anahtar Kelimeler: Diyot; CdS; 4-amino-2-metilkinolin; C10H10N2; İnce 
Film 

  

 

1. Introduction 

Group II–VI semiconductor compounds have attracted 

great interest due to their potential applications in 

photovoltaic devices, photoresistors, heterojunction 

diodes, electroluminescent films, and surface acoustic 

wave devices (Farag et al., 2009). Schottky barrier diodes 

(SBDs) are one of the most commonly used rectifier 

diodes in the electronics industry. The rectifying property 

of metal-semiconductor diodes was first described by 

Schottky in the 1930s (Karataş, 2010). The most 

commonly studied binary II-VI compound semiconductors 

for photovoltaic applications are cadmium telluride 

(CdTe) and cadmium sulfide (CdS) thin films. Both 

materials have been used to develop a p-n heterojunction 

device structure for solar cell applications (Olusola et al., 

2016).  

CdS is one of the essential technological materials used as 

II-VI compound semiconductors due to its large direct 

band gap, optical absorption and good stability. The 

fundamental bandgap value of CdS is 2.42 eV (Ramaiah 

Subba Kodigala, 2001). Various methods have been used 

to produce CdS nanoparticles, such as chemical vapor 
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deposition, chemical sol-gel solution growth, ultrasonic 

spray pyrolysis, screen printing sintering technology, and 

chemical bath deposition (CBD). Among these deposition 

methods, the CBD technique is one of the most cost-

effective and simple methods, which makes it very 

attractive for obtaining reproducible and uniform CdS 

nanoparticles. There are many potential electronic and 

photonic applications of CdS nanoparticles such as solar 

cells, photosensors, DNA sensors, and gas sensors. (Demir 

et al., 2012). 

In recent years, much attention has been paid to the 

production and characterization of Schottky diodes, 

organic light-emitting diodes, organic field effect 

transistors, photovoltaics (PV), and solar cells using 

organic semiconductors and their derivatives due to their 

stability and barrier height improvement properties 

(Güllü et al., 2008). Organic materials have a wide range 

of applications in thin-film electronics. The production 

and characterization of the Schottky diode barrier using 

organic semiconductors and their derivatives has 

received considerable attention in recent years. Organic 

semiconductors can be used as active components in 

electronic devices. These materials offer potential 

advantages due to ease of processing, low cost, and large-

scale device characterization. This has opened a new 

opportunity to replace traditional inorganic devices with 

organic ones (Yakuphanoglu, 2007). 

The diode we produced is made of CdS and 4-amino-2-

methylquinoline (C10H10N2), which has a CAS number of 

6628-04-2 and is known by various names in the 

literature. C10H10N2 is a quinoline derivative, an organic 

compound with amine and methyl functional groups 

(Braun et al., 2015). C10H10N2 is a quinoline derivative 

similar to naphthalene. It consists of a fused benzene ring 

and a pyridine ring. The geometric structure of C10H10N2 is 

shown in Figure 1. 

 
Figure 1. Structure of 4-amino-2-methyl-quinoline. 

In this study, we produced a diode consisting of CdS and 

C10H10N2, and investigated some physical properties of 

this diode. For this purpose, we prepared the CdS film 

using the CBD method and the C10H10N2 film using the 

spin-coating method. 

2. Materials and Methods 

2.1. Preparation of thin films 

Using the CBD method, a thin CdS film was deposited on 

an indium tin oxide (ITO) substrate measuring 76×26×1 

mm3. The substrates were subjected to a cleaning process 

that included washing with a soap solution and then 

rinsing with deionized water and ethanol. They were then 

rinsed again with deionized water and allowed to air dry. 

To deposit the thin CdS films, a solution was prepared 

consisting of 0.2 M 10 mL cadmium acetate dihydrate 

(Cd(CH3COO)2 2H2O), 1 M 10 mL thiourea (CS(NH2)2) and 8 

mL ammonia/Ammonium chloride buffer solution 

(NH3/NH4Cl; pH=11.50) which was then diluted with 

deionized water to reach a total volume of 50 ml. To 

prepare the CdS film, we chose thiourea as the sulfur 

source (S), 82 °C as the solution temperature value, and 

60 minutes as the deposition time (Demir, 2010; Demir & 

Gode, 2015; Demir & Göde, 2018). The CdS/ITO films 

accumulated in this way were then annealed in ambient 

air at 350 °C for 30 minutes. The chemical reactions 

involved in the CBD technique for producing the CdS films 

can be summarized as follows: 

 

Cd(CH3COO)2 2H2O + N2H4CS → CdS + 2CH3COOH + H2O + 

CO + N2 + 2H2                                                                        (1) 

 

The Source of C10H10N2 was Fluka Chemika (07330, EC No. 

2296044) and used in its original form. This organic 

compound with the chemical formula C10H10N2 belongs to 

the group of heterocyclic quinoline derivatives with a 

methyl group at position 2 of the quinoline ring. It is 

commercially available as a beige powder and is also 

known as 4-quinolinamine and 2-methyl-4-

quinolinamine. CdS is characterized as an n-type 

semiconductor material (Aybek A. Ş., 2018), while 

C10H10N2 behaves as a p-type semiconductor material due 

to the same functionality as 8-hydroxyquinoline (Demir et 

al., 2015). C10H10N2 has an optical band gap energy of 3.5 

eV (Kaya et al., 2015). 

The next phase of the experiment involved depositing a 

C10H10N2 film onto a CdS film to produce a diode. To 

prepare the solution for the spin-coating process used to 

create the C10H10N2 film, powdered C10H10N2 with a 

molecular weight of 158.20 g/mol was dissolved in 

ethanol at room temperature for 90 minutes (22 °C). The 

solution concentration was 0.2 M, and the total solution 

volume was 30 mL. Before each rotation, 10 drops of 

C10H10N2 solution were dropped onto the CdS film using a 

plastic dropper. The CdS film onto which a C10H10N2 

solution was dropped was attached to the spin coater. 
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Then, the spin coater was activated. When the spin coater 

stopped after 60 seconds, the produced film was left at 

room temperature for 5 minutes. After 5 minutes, the 

spin coater was activated again, and this process was 

repeated 8 times. For each rotation, the rotation speed of 

the spin coater was 1100 rpm, and the rotation time was 

1 minute. Therefore, the previously prepared CdS film on 

ITO was coated with a C10H10N2 film. 

 

2.2. Characterization of the Thin Film's Structure 

The topography, crystalline arrangement, and spectral 

properties of the coatings were evaluated using X-ray 

diffraction (XRD), UV-Vis spectroscopy, scanning electron 

microscopy (SEM), and atomic force microscopy (AFM), 

respectively.  

The XRD analysis was performed using a PANalytical 

Empyrean instrument with λ=1.5418 Å Cu-Kα radiation 

within a 2θ range between 20° and 70°. The surface 

morphology was examined using a JEOL JSM-7100F SEM. 

The optical measurements of the films were carried out 

at room temperature using a UV-Vis spectrophotometer, 

specifically the Analytik Jena Specord S600, in the 

wavelength range between 300 and 1000 nm. The 

electrical characterization of the diodes was conducted 

using a Keithley 2400 sourcemeter under atmospheric 

conditions. The current-voltage characteristics of the 

CdS/C10H10N2 diodes were fully characterized using a 

Keithley 2400 sourcemeter. The AFM measurements of 

the films were performed at room temperature using a 

WITec Alpha 300A AC mode instrument (console 42 N/m 

285 kHz) to obtain topographic images. The system was 

enclosed in an acoustic chamber to prevent 

electromagnetic interference that could interfere with 

the measurements. 

3. Results and Discussions 

3.1. Composition of Thin Films 

The XRD spectrum illustrating the CdS/C10H10N2 films is 

depicted in Figure 2. The structural characteristics of the 

CdS/C10H10N2 heterojunction were explored via XRD 

analysis. Table 1 presents the XRD analysis data, including 

information regarding crystal structure, interlayer 

spacing, and particle size. The Debye-Scherer equation 

was used to calculate the D particle size of the prepared 

heterojunction structures from the diffraction data. 

D=(0.9λ)/(β.cosθ)                                                               (2) 

In this equation, (λ) represents the X-ray wavelength 

(1.5406 Å), (θ) is the Bragg diffraction angle, and (β) is the 

half-width of the diffraction peak (Reddy & Kumar, 2016). 

 
Table 1. XRD parameters for CdS/C10H10N2 pattern. 

 
Peak position 

[2O] 

d-spacing 
[Å] 

β (FWHM) 
[rad] 

Grain size 
[nm] 

Cos  Micro Strain (Ɛ) x 10-3 

Maximum peaks 

27.0774 3.2931 0.0042 33.3524 0.9722 0.0595 
44.3515 2.0424 0.0084 17.6519 0.9260 0.1125 
25.5425 3.4874 0.0033 42.6482 0.9752 0.0465 
52.4988 1.7431 0.0074 20.8908 0.8968 0.0950 
67.0258 1.3963 0.0028 59.1816 0.8337 0.0335 

 
 

 
Figure 2. XRD pattern of CdS/C10H10N2 sample. 

 

The microstrain (Ɛ) was determined using the following 

formula (Reddy & Kumar, 2016).  

Ɛ=(β.cosθ)/4                                                                       (3) 

Although the CdS peaks do not exactly match the 

standard peaks, they are close to the PDF map 

(greenockite, hexagonal structure) 41-1049. By 

comparing it with PDF Cards, it is possible to fully 
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understand which elements the X-ray peaks belong to. 

For this reason, the corresponding PDF Card number 

corresponding to the relevant peaks is written as in other 

studies (Assili et al., 2019; Demir & Gode, 2015). 

Interactions between CdS and C10H10N2 cause some 

deviations in the actual values of this CdS film, resulting in 

a discrepancy between the measured and standard peaks. 

Figure 2 presents the XRD pattern of the thin film on the 

ITO substrate, revealing the hexagonal phase of CdS with 

lattice parameters of a=4.141 Å and c=6.719 Å. The sharp 

diffraction peak at 2θ=27.07° of the (002) plane indicates 

preferred orientation. However, the C10H10N2 film exhibits 

an amorphous structure, as evidenced by the absence of 

any discernible peaks.    

 
3.2.  Optical Characterization 

The optical measurements were carried out on the 

prepared films. Later, the UV-Vis spectra of the CdS film 

with a coating of C10H10N2 were worked out using the 

“Analytik Jena Specord S600” single-beam 

spectrophotometer. Figure 3 shows the measured UV-Vis 

spectra for CdS and CdS/C10H10N2. 

 
Figure 3. UV-Vis spectra of CdS and CdS/C10H10N2 

To examine the structure of the produced device, UV 

examination was carried out. UV-Vis spectroscopy is a 

cost-effective, simple, flexible, and non-destructive 

analytical method suitable for a broad class of organic 

compounds and some inorganic species. UV-Vis 

spectrophotometers measure the absorption or 

transmission of light passing through a medium as a 

function of wavelength. UV-visible spectroscopy is based 

on electronic transitions of organic molecules that absorb 

light and excite electrons from a lower energy orbital 

(highest occupied molecular orbital - HOMO) to a higher 

energy unoccupied orbital (lowest unoccupied molecular 

orbital - LUMO) (Rocha et al., 2018). By measuring the 

wavelength of these transitions, we gain insight into the 

nature of the transition and obtain information about the 

film. Based on the UV-Vis measurements, absorption 

bands associated with d→d* transitions of metal atoms 

were observed in the wavelength range of 440–500 nm. 

These bands indicate the presence of metal atoms within 

the film structure. In the CdS/C10H10N2 films, the 

electronic transitions of the phenyl ring (-NH2 group) to 

π→π* and n→π* were observed at wavelengths of 310 

nm and 328 nm, respectively. 

 

3.3. Current-Voltage Characterization 

Current-voltage (I-V) characterizations were performed 

on CdS/C10H10N2 heterojunction structures using a two-

point probe technique with a Keithley 2400 sourcemeter, 

as shown in Figure 4.  The specialist computer software 

connected to the Keithley 2400 source meter recorded 

the current values (I) corresponding to the applied voltage 

(V). 

 

Figure 4. Measurement of current-voltage measurement of 
CdS/C10H10N2 heterojunction structure 
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The current (I) was obtained by applying a direct voltage 

(V) ranging between -3 and 3 volts. The purpose of this 

study was not to investigate the photosensitivity of the 

heterojunction diode we produced. For this reason, I-V 

measurements were performed only in daylight in a 

laboratory environment at a laboratory temperature of 

22°C. Figure 5 shows the I-V diagram of the CdS/C10H10N2 

heterojunction diode under forward and reverse bias. 

 

 
Figure 5. I-V graph of CdS/C10H10N2 heterojunction 

From Figure 5, it can be seen that the CdS/C10H10N2 

heterojunction structure exhibits diode-like 

characteristics in terms of current behavior and has a 

threshold voltage value of 1.5 volts. If there was no 

rectification, the graph for values between -3 and +3 volts 

would be the y=m.x graph. 

The rectification factor (RF) is defined as the ratio of 

forward and reverse currents (IF/IR) (Kaleli et al., 2011) 

and is calculated as 2.91x102 as a maximum value at 2.66 

volts. If there was no rectification, the IF/IR value would be 

1. The relationship between the rectification factor and 

the voltage at room temperature is shown in Figure 6. 

 

 

Figure 6. Plot of rectification factor (RF) versus V at room 

temperature. 

The relationship between the voltage applied to the 

contact and the current flowing through a Schottky 

barrier is given in Equation 4, which considers the series 

resistance (RS) effect. This is expressed as follows (Durmuş 

& Karataş, 2019; Karataş et al., 2007) : 

𝐼 = 𝐼0 [𝑒𝑥𝑝 (𝑞
(𝑉−𝐼𝑅𝑆)

𝑛𝑘𝑇
− 1)]                                            (4) 

The ideality factor, denoted by n, is equal to 1 for an ideal 

diode. The value 1 can be neglected in the equation if V > 

3kT/q. T represents the ambient temperature in Kelvin, 𝐼0 

is the extrapolated saturation current, q is the elementary 

charge (=1.6×10-19 C), V is the applied voltage, and k is the 

Boltzmann constant. 

Using Equation 4 to calculate the ideality factors of the 

diodes, the following expression can be obtained  

(Yakuphanoglu, 2007): 

𝑛 =
𝑞

𝑘𝑇

𝑑𝑉

𝑑(𝑙𝑛𝐼)
                                                                        (5) 

The value of the term 
𝑑𝑉

𝑑(𝑙𝑛𝐼)
 in this expression is 

determined from the slope of the forward bias region of 

the I-V characteristic. The ideality factor n was calculated 

to be 1.93 using the traditional method. 

 

3.4. SEM and AFM Analyses 

The morphological features of the CdS/C10H10N2 film were 

analyzed by SEM measurements, as shown in Figure 7 a–

b. Charging effects induce the deflection of the incident 

beam and emitted secondary electrons due to the 

external electric field, resulting in image distortion and, in 

some cases, rendering their capture impossible. To 

prevent such false effects, various methods have been 

developed. One of them is the reduction of beam energy 

in low voltage scanning electron microscopy (LVSEM) 

(Cazaux, 2004). For SEM analysis, gold-palladium plating 

(80–20%) was performed by first applying a vacuum of 

8×10–1 mbar/Pa and then applying a voltage of 10 mA in 

the Quorum coating device for 60 seconds to prevent 

charging on the surface of the samples and to increase the 

conductivity properties of the samples. The palladium 

layer thickness is approximately 3-4 nm. In another study 

by Nallathambi et al. Palladium was used as a coating 

material (Nallathambi et al., 2018). The SEM images show 

that the film surface had irregularities and did not have a 

periodic arrangement of the grains. The CdS/C10H10N2 film 

showed an irregular and hollow structure. 
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(a) 

 
(b) 

Figure 7 a-b. SEM images of CdS/C10H10N2 film. 

 

The AFM images of the CdS/C10H10N2 film in three 

dimensions (9 μm × 9 μm) are shown in Figure 8 (a–c). 

These images, taken at different locations on the film, 

show irregularly shaped grains ranging in size from 195 

nm to 240 nm. 

4. Conclusion 

The study began with the preparation of a CdS film on an 

ITO substrate using the CBD method. Then, a C10H10N2 film 

was spin-coated on the CdS film to produce a diode 

device. Comprehensive characterization procedures, 

SEM, AFM, XRD, and I-V measurements were carried out. 

According to the SEM and AFM analyses, the 

CdS/C10H10N2 film exhibited an irregular and hollow 

structure. The XRD results showed peaks for the 

CdS/C10H10N2 films in the 2θ range of 27.00–67.00 

degrees. Current-voltage measurements showed that the 

diode device had a threshold voltage value of 1.5 volts 

and conducted current in one direction with a 

rectification factor of 2.91×102, confirming its diode 

properties. 

 
(a) 

 
(b) 

 

 
(c) 

 
Figure 8 a-c. AFM images of CdS/C10H10N2 film. 

 

The n value, calculated using Equation 5, was found to be 

1.93, indicating non-ideal behavior of the diode. This 

observation is significant as it marks the absence of prior 

applications of aminoquinolines as basic electronic 

switching elements such as diodes. Our study aimed to 

demonstrate the feasibility of producing a diode using the 

organic compound 4-amino-2-methyl-quinoline in 

conjunction with cadmium sulfide. By introducing this 

diode to the literature, we aim to provide researchers 

with an alternative avenue for specific studies in this 

domain. 
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