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Pyrene-imine (dimethyl (E)-5-(((4,6-dihydropyren-1-yl)methylene)amino)isophthalate, the compound containing an 

pyrene-imine group) thin film was prepared on n-Si substrate with spin coating technique. Atomic force microscopy 

(AFM) images showed that the surface of the pyrene-imine on Si wafer was uniform. In the present work, Au/ 

Pyrene-imine/n-Si/In Schottky diode were fabricated and capacitance/conductance characteristics were studied in 

the frequency range from 100 kHz to 1 MHz at dark and room temperature. The values of conductance and 

capacitance strongly depend on the frequency and voltage. The studied parameters such as series resistance (𝑅𝑠) 

and interface state density (𝑁𝑠𝑠) were obtained by the capacitance-conductance–voltage (C-G-V) measurements. 

The 𝑅𝑠 values of the studied diode were obtained as 816Ω for 100 kHz, 479Ω for 300 kHz, 336Ω for 500 kHz and 

173 Ω for 1 MHz. The 𝑁𝑠𝑠 values of the studied diode were obtained as 2.08 x 1011 cm-2 eV-1 for 100 kHz, 1.56 x 

1011 cm-2 eV-1 for 300 kHz, 1.52 x 1011 cm-2 eV-1 for 500 kHz and 8.16 x 1010 cm-2 eV-1 for 1 MHz. As a results, the 

Au/Pyrene-imine/n-Si/In Schottky diode can be utilized in capacitance applications in industry. 
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1. Introduction 

 
In recent, metal-organic material-semiconductor (MOmS) 

structures produced by depositing of an organic thin 

material on a semiconductor wafer have gained notice due 

to their broad utilize in electronics such as detectors, diodes, 

and solar cells [1-4]. Organic thin films present some 

advantages such as low-cost manufacturing, stability, and 

widespread area applications [5-7]. They are needed as key 

pieces in the production of semiconductor electronic 

devices such as organic photovoltaic devices, Schottky 

barrier diodes, and rechargeable batteries [8-10]. 

 

Many researchers have investigated the capacitance-voltage 

and conductance-voltage properties of organic thin film 

deposited on inorganic semiconductors [11-14]. Yahia et al. 

[11] have designed Au/Pyronin-Y/p-Si Schottky diode. 

They have reported that the capacitance-voltage and 

conductance-voltage characteristics of the diode and the  

 

 

values of series resistance of the diode. Tuğluoğlu et al. 

synthesized Perylene-monoimide (PMI) organic material 

and prepared Au/PMI/n-Si diode [12]. They studied using 

frequency dependent interface state properties of diode in 

detail by using capacitance-conductance-voltage (C-G-V) 

characteristics. They have reported that the series resistance 

and interface state density values of the diode for different 

frequencies.  

Herein, we report the capacitance and conductance 

characteristics of a new type of Au/pyrene-imine/n-Si/In 

Schottky diode by using these characteristics, it is aimed to 

determine the series resistance and interface distribution 

depending on the frequency. For this purpose, measurements 

were taken in the -1 to +1 volt range and 100k Hz -1 MHz 

frequency range. Frequency-dependent characteristic 

parameter changes were determined. In this manner, it is 

aimed that fabricated diode are utilized in electronic device 

applications. 
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2. Experimental 
 

In this study, the Si wafer has phosphor doped (n type), 1–

20 Ω-cm resistivity, 525 μm thickness, and (1 0 0) surface 

orientation. the Si wafers purchased from University Wafer 

were cleaned by RCA technique to eliminate oxide layer and 

impurity. [15]. Vacuum evaporation technique was used to 

collect the In metal (150 nm) for ohmic contact and Au 

metal (150 nm) for rectifying contact to n type Si wafer. To 

prepare the aqueous solution of pyrene-imine for utilize in 

the spin coater, 10 mg of pyrene-imine compound were 

dissolved in 10 ml of chloroform. This solution was used to 

deposit pyrene-imine on n-Si wafer by spin coating. Spin 

coating conditions are 2000 rpm for 60 seconds and kept it 

to dry in a vacuum oven (3x10-4 Torr) for 3 h. Finally, 

Au/Pyrene-imine/n-Si/In Schottky diode was prepared.  

Figure 1 presents the schematic diagram of Au/Pyrene-

imine/n-Si/In Schottky structure.  To study the interface 

state density and series resistance characteristics of the 

prepared diode, the measurements were taken in the vary 

from -1 V to +1 V and from 100 kHz to 1 MHz frequency.  

Atomic force microscope (AFM) measurements were 

performed using Nano Magnetics. 𝐶– 𝑉 and 𝐺 − 𝑉 

characteristics were measured using a Keysight E4990A 

Impedance Analyzer at room temperature. 

 

 

 
 

Figure 1: Schematic diagram of Au/Pyrene-imine/n-Si/In 

Schottky diode structure 

 

3. Results 
 

To many organic diode applications, the formation of 

uniform organic thin films is very important [16]. The 

surface morphology of Pyrene-imine was observed using  

2D and 3D atomic force microscopy (AFM) images. The 

AFM analysis (Fig. 2) displayed a root mean square value 

of 175 nm, average value of 1131 nm, ten point height of 

1583 nm, peak to peak value of 3134 nm, and average 

roughness value of 104 nm. The results show that Pyrene-

imine is a important organic material for diode fabrication 

with reduction of leakage current. 

 

Figure 3 displays capacitance–voltage (𝐶– 𝑉) curves of the 

fabricated diode as a function of voltage at 100 kHz, 300 

kHz, 500 kHz, and 1 MHz frequencies, from which it can be 

observed that the 𝐶 value for the fabricated diode decrease 

as the applied frequency increases. It is clearly that the 𝐶– 𝑉 

plots rely on the Pyrene-imine organic layer. It is observed 

from Fig. 3 that the values of capacitance decrease with the 

frequency for the inversion, depletion and accumulation 

areas, while the values of capacitance increase with the 

voltage. The capacitance values of the fabricated diode are 

extremely sensitive to the interface states  (𝑁𝑠𝑠) in Schottky 

type structures. 

 

 

 
(a) 

 
(b) 

Figure 2: a) 2D and b) 3D AFM topographic surface photos 

of Pyrene-imine on n-Si wafer. 

 

 

 
Figure 3: Graphs of  𝐶– 𝑉 of the Au/Pyrene-imine/n-Si 

diode at different frequencies 

 

Figure 4 displays conductance–voltage (𝐺– 𝑉) curves of the 

fabricated diode as a function of voltage at 100 kHz, 300 

kHz, 500 kHz, and 1 MHz frequencies, from which it can be 

observed that the 𝐺 value for the fabricated diode increase as 

the applied frequency increases. It was reported that this 

result is caused by the series resistance (𝑅𝑠) [17]. 
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Figure 4: Graphs of  𝐺– 𝑉 of the Au/Pyrene-imine/n-Si 

diode at different frequencies 

 

The interface states  (𝑁𝑠𝑠) and series resistance (𝑅𝑠) in 

electronic devices are the most important parameters 

changing the 𝐶 − 𝑉 and 𝐺 − 𝑉 characteristics and 

performance of the produced device. The 𝑅𝑠 values of the 

fabricated diodes were determined using the following 

relation for each voltage value [18]: 

 

𝑅𝑠 =
𝐺

𝐺2+(𝜔𝐶)2                                                                   (1) 

 

Figure 5 displays the 𝑅𝑠 values determined from Eq. (1) 

according to bias voltage. From Fig. 5, the 𝑅𝑠value for all 

frequency measurements has a peak point and the 

magnitude of highest 𝑅𝑠 value decreased with increased 

frequency.   

 
Figure 5: Graphs of  𝑅𝑠– 𝑉 of the Au/Pyrene-imine/n-Si 

diode at different frequencies 

Also, The 𝑅𝑠 values of the studied diode were obtained as 

816Ω for 100 kHz, 479Ω for 300 kHz, 336Ω for 500 kHz 

and 173 Ω for 1 MHz.  Çavdar et. al. [19] investigated the 

frequency and voltage-dependent series resistance in 

Schottky type structures. They observed a peak in 𝑅𝑠 −
𝑉plots.  

 

The interface states  (𝑁𝑠𝑠) values of the fabricated diode were 

determined using the Hill-Coleman equation [20] for each 

frequency value. The 𝑁𝑠𝑠 values of the studied diode were 

obtained as 2.08 x 1011 cm-2 eV-1 for 100 kHz, 1.56 x 1011 

cm-2 eV-1 for 300 kHz, 1.52 x 1011 cm-2 eV-1 for 500 kHz and 

8.16 x 1010 cm-2 eV-1 for 1 MHz. Çavdar et. al. [19] 

investigated the frequency-dependent  interface states  (𝑁𝑠𝑠) 

in Schottky type structures. They reported that as the 

frequency increases, the values of the interface states 

decrease and this is due to the carriers' inability to follow the 

frequency at high frequencies.  

 

4.        Conclusion 

In this work, Atomic force microscopy (AFM) images 

showed that the surface of the pyrene-imine on Si wafer was 

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

voltage (𝐺 − 𝑉) methods were used to characterize Au/n-Si 

Schottky diodes with pyrene-imine organic interfacial. The 

forward and reverse bias 𝐶 − 𝑉 and 𝐺 − 𝑉 characteristic of 

the Schottky diode were measured in the voltage vary from 

-1V to 1Vand from 100 kHz to 1 MHz frequencies. As the 

frequency values increased, the capacitance and series 

resistance values decreased, while the conductivity values 

increased. This is expected for a Schottky diode. The 𝑅𝑠 

values of the studied diode were obtained as 816Ω for 100 

kHz, 479Ω for 300 kHz, 336Ω for 500 kHz and 173 Ω for 1 

MHz. The 𝑁𝑠𝑠 values of the studied diode were obtained as 

2.08 x 1011 cm-2 eV-1 for 100 kHz, 1.56 x 1011 cm-2 eV-1 for 

300 kHz, 1.52 x 1011 cm-2 eV-1 for 500 kHz and 8.16 x 1010 

cm-2 eV-1 for 1 MHz. The presented study could highlight 

the usage of Au/Pyrene-imine/n-Si Schottky diode in 

organic electronic applications. 

 

Acknowledgement  

 

This work was supported by the Scientific Research Projects 

foundation of Giresun University (FEN-BAP-A-240222-26) 

for material finance.  

 
References 
 

[1] A. G. Immer, E. Kaya, A. Dere, A. G. Al-Sehemi, 

A. A. Al-Ghamdi, A. Karabulut, F. Yakuphanoglu, 

Illumination impact on the electrical characteristics 

of Au/Sunset Yellow/n-Si/Au hybrid Schottky diode, 

Journal of Materials Science: Materials in Electronics 31 

(2020) 14665, https://doi.org/10.1007/s10854-020-04029-8 

[2] Ö Güllü, Ş Aydoğan, A Türüt, Fabrication and electrical 

properties of Al/Safranin T/n-Si/AuSb structure, 

Semiconductor Science and Technology, 23 (2008) 075005, 

https://doi.org/10.1088/0268-1242/23/7/075005. 

[3] A. Eroğlu, S. Demirezen, Y. Azizian-Kalandaragh, and 

S. Altindal, A comparative study on the electrical properties 

and conduction mechanisms of Au/n-Si Schottky diodes 

with/without an organic interlayer, Journal of Materials 

Science: Materials in Electronics 31, (2020) 14466, 

https://doi.org/10.1007/s10854-020-04006-1. 

[4] F. Yakuphanoglu, Controlling of silicon–insulator–metal 

junction by organic semiconductor polymer thin flm. 

https://doi.org/10.1007/s10854-020-04029-8
https://iopscience.iop.org/journal/0268-1242
https://doi.org/10.1088/0268-1242/23/7/075005
https://doi.org/10.1007/s10854-020-04006-1


Journal of Materials and Electronic Devices 4 (2023) 26-29  

29 
Synthetic Metals, 160 (2010) 1551, 

https://doi.org/10.1016/j.synthmet.2010.05.024. 

[5] O. Sevgili, S. Canlı, F. Akman, I. Orak, A. Karabulut, 

N. Yıldırım, Characterization of aluminum 8-

hydroxyquinoline microbelts and microdots, and 

photodiode applications, Journal of Physics and  Chemistry 

of Solids, 136 (2020) 109128, 

https://doi.org/10.1016/j.jpcs.2019.109128. 

[6] S.A. Yerişkin, M. Balbaşı, İ. Orak, “Frequency 

dependent electrical characteristics and origin of anomalous 

capacitance–voltage (C–V) peak in Au/(graphene-doped 

PVA)/n-Si capacitors, Journal of Materials Science: 

Materials in Electronics, 28 (11) (2017) 7819–7826, 

https://doi.org/10.1007/s10854-017-6478-5. 

[7] Ö.F. Yüksel, N. Tuğluoğlu, H. Şafak, M. Kuş, The 

modification of Schottky barrier height of Au/p-Si Schottky 

devices by perylene-diimide, Journal of Applied Physics, 

113 (2013) 044507, https://doi.org/10.1063/1.4789021 

[8] Z. Çaldıran, A.R. Deniz, F. Mehmet Coşkun, Ş. 

Aydoğan, A. Yesildag, D. Ekinci, I-V–T (current–voltage–

temperature) characteristics of the Au/Anthraquinone/p-

Si/Al junction device. Journal of Alloys Compounds 584, 

(2014) 652,  https://doi.org/10.1016/j. jallcom.2013.09.006 

[9] A.O. Tezcan, S. Eymur, E. Taşcı, M. Emrullahoğlu, N. 

Tuğluoğlu, Investigation of electrical and photovoltaic 

properties of Au/n-Si Schottky diode with BOD-Z-EN 

interlayer, Journal of Materials Science: Materials in 

Electronics 32 (2021) 12513, 

https://doi.org/10.1007/s10854-021-05886-7. 

[10] F.S. Kaya, T. Oznuluer Ozer, G. Turgut, A. 

Bayrakceken Yurtcan, S. Duman, Electrical investigation of 

Al/PEDOT/C/p-Si structure, Results in Physics, 13 (2019) 

102316, https://doi.org/10.1016/j.rinp.2019.102316.  

[11] I.S. Yahia, H.Y. Zahran, F.H. Alamri, M. Aslam 

Manthrammel, S. AlFaify, A. M. Ali, Microelectronic 

properties of the organic Schottky diode with pyronin-Y: 

Admittance spectroscopy, and negative capacitance, 

Physica B: Condensed Matter, 543 (2018) 46-53, 

https://doi.org/10.1016/j.physb.2018.05.011. 

 

 [12] N. Tuğluoğlu, Ö.F. Yüksel, S. Karadeniz, H. Şafak, 

Frequency dependent interface state properties of a 

Schottky device based on perylene-monoimide deposited on 

n-type silicon by spin coating technique, Materials Science 

in Semiconductor Processing, 16 (2013) 786-791, 

https://doi.org/10.1016/j.mssp.2013.01.001. 

[13] Ş. Altındal, H. Uslu, The origin of anomalous peak and 

negative capacitance in the forward bias capacitance-

voltage characteristics of Au/PVA/n-Si structures, Journal 

of Applied Physics 109 (2011) 074503, 

https://doi.org/10.1063/1.3554479. 

[14] Ö. Vural, Y. Şafak, A. Türüt, Ş. Altındal, Temperature 

dependent negative capacitance behavior of Al/rhodamine-

101/n-GaAs Schottky barrier diodes and Rs effects on the 

C–V and G/ω–V characteristics, J. Alloy. Comp. 513 (2012) 

107–11, https://doi.org/10.1016/j.jallcom.2011.09.101. 

[15] E. Şenarslan, B. Güzeldir, M. Sağlam, Influence of 

anodic passivation on electrical characteristics of Al/p-

Si/Al and Al/V2O5/p-Si/Al diodes, Journal of Materials 

Science: Materials in Electronics, 28 (2017) 7582, 

https://doi.org/10.1007/s10854-017-6450-4. 

[16] G. F. Salem, E. A. A. El-Shazly, A. A. M. Farag, 

I. S. Yahia, Optical and microelectronic analysis 

of rhodamine B-based organic Schottky diode: a new trend 

application, Applied Physics A 124 (2018) 744, 

https://doi.org/10.1007/s00339-018-2151-y. 

[17] E.H. Nicollian, J.R. Brews, MOS (Metal Oxide 

Semiconductor) Physics and Technology, 1st edn. (John 

Wiley & Sons, Toronto, 1982) 

[18] H. Kanbur, S¸ . Altındal, A. Tataroglu, ˘ The effect of 

interface states, excess capacitance and series resistance in 

the Al/SiO2/p-Si Schottky diodes, Appl. Surf. Sci. 252 

(2005) 1732–1738, 

https://doi.org/10.1016/j.apsucs.2005.03.122. 

[19] Ş. Cavdar, Y. Demirölmez, Neslihan Turan, Haluk 

Koralay, N. Tugluoglu, Analysis of voltage and frequency-

dependent series resistance and interface states of 

Al/ZnCo2O4: Gelatin/ n-Si diode, Journal of Materials 

Science: Materials in Electronics 33 (2022) 22932, 

https://doi.org/10.1007/s10854-022-09063-2 

[20] W.A. Hill, C.C. Coleman, A single-frequency 

approximation for interface-state density determination, 

Solid State Electronics, 23 (1980) 987, 

https://doi.org/10.1016/0038-1101(80)90064-7 

 

 

 

 

 

  

  

https://doi.org/10.1016/j.synthmet.2010.05.024
https://doi.org/10.1016/j.jpcs.2019.109128
https://doi.org/10.1007/s10854-017-6478-5
https://doi.org/10.1063/1.4789021
https://doi.org/10.1016/j.%20jallcom.2013.09.006
https://doi.org/10.1007/s10854-021-05886-7
https://doi.org/10.1016/j.rinp.2019.102316
https://www.sciencedirect.com/journal/physica-b-condensed-matter
file:///C:/Users/serkaneymur/Downloads/543
https://doi.org/10.1016/j.physb.2018.05.011
https://www.sciencedirect.com/journal/materials-science-in-semiconductor-processing
https://www.sciencedirect.com/journal/materials-science-in-semiconductor-processing
https://doi.org/10.1016/j.mssp.2013.01.001
https://doi.org/10.1063/1.3554479
https://doi.org/10.1016/j.jallcom.2011.09.101
https://doi.org/10.1007/s00339-018-2151-y
https://doi.org/10.1016/j.apsucs.2005.03.122
https://doi.org/10.1007/s10854-022-09063-2
https://doi.org/10.1016/0038-1101(80)90064-7

