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The current-voltage (I-V) characteristics of the AI/GO-PTCDA/p-Si metal-oxide-semiconductor (MOS) structure
were investigated in dark and under 40 mW/cm? light illumination. The electrical parameters such as ideality factor
(n), zero-bias barrier height (®no) and series resistance (Rs) of Al/GO-PTCDA/p-Si metal-oxide-semiconductor
(MOS) structure obtained from different methods in under dark and illumination conditions at room temperature
using forward bias current-voltage (I-V) measurements. Experimental results shows that the photocurrent under
illumination intensities is higher than the dark current. The values of Rs obtained from Cheung and Norde functions
are also decreased with increasing illumination intensity. The illumination dependent power-voltage curve of the
Al/PCDA-GO/p-Si photodiode at 40 mW/cm? of AI/PTCDA-GO/p-type Si structure were investigated using

current-voltage (1-V) characteristics.
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1. Introduction

Metal-semiconductor (MS), metal-oxide-semiconductor
(MQOS), or metal-oxide-semiconductor (MOS) electronic
semiconductor structures have great importance in the
electronic applications. MS structures are frequently used in
integrated circuits, in light detectors and solar cells in the
electronic industry [1-5]. Si is extensively used in the
fabrication of electronic devices such as diodes, integrated
circuits, and transistors [1-3]. Thus, due to the technological
importance of electronic circuit components which are
among the most simple of the graphene-Si contacts [1-7], a
full understanding of the nature of their electrical and
photovoltaic properties are of great interest.

The organic interfacial metal-semiconductor structures have
been comprehensively studied because of their use in a wide
range of optoelectronic products and organic/polymer
electronic, like organic light-emitting diodes (OLEDs), field
effect transistors, photovoltaics (PVs) [6-10].

The metal-semiconductor (MS) photodiodes with graphene
oxide (GO) and perylenetetracarboxylic dianhydride
(PTCDA) interfacial layers have received a lot of attention
recently as they are used in many different applications,
especially optoelectronics. Because this GO and PTCDA
interfacial layer plays a critical role in controlling current
flow between MS.

In this work, our purpose is to experimentally investigate the
electrical properties of the Au/GO/n-Si structure under dark
and under 40 mw/cm? light illumination at room
temperature (300 K). The illumination dependence of
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electrical characteristics of the main parameters such as
ideality factors, barrier heights, series resistances and
interface state densities obtained from different methods
was investigated.

2. Experimental details

In this study, we purchased PTCDA and GO organic
semiconductor powder from Fytronix, but chemical
solvents for cleaning substrates from Sigma-Aldrich. The Si
crystal used in the preparation of photodiodes has a
thickness of 525 um in the [100] direction and a resistive
structure of 2-10 Q-cm. Firstly, the wafer cleaned using the
cleaning process to remove contaminants from the
semiconductor surfaces. The wafer was dried using nitrogen
gas (N2) after the cleaning procedure. With a thermal
evaporation apparatus, Al (99.999 percent) metal was
evaporated at 108 Torr for ohmic contact. After that, the Si
wafer was cut into small pieces. The semiconductor wafer
front faces were coated PTCDA-GO (1:1) solutions with
spin speed of 1000 rpm for 30 s by spin coating method.

Fytronix FY-7000 Solar Simulator

Current-voltage (-V) measurement system

Al Rectifier contact ~

Tncident light
; A (N-(CH)
GO-PTCDA interfacial ]a‘\er‘ ’ |+ || |enkcrovoig)

A

Al Obmic contact

Current (A)
]

b=

2E-06
—+Under dark
2E-07 ——40 mWem?

Voltage (V)

Fig.1. Schematic representation of the Al/GO-PCDA/p- Si
structure and I-V measurement system

Following these procedures, to make a rectifier Al metal
contact with diameter of 1 mm at 10° Torr pressure Al (%
99.999) metal was thermally evaporated on the surface of
organic layer-semiconductor pieces. The rectifier contact’s
area of the photodiode was found to be 3.14x102 cm?. As
conclusion, the cross-section of the Al/ PTCDA-GO/p-type
Si/Al semiconductor structure is shown in Fig. 1. The
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temperature dependent IV measurements were performed by
using a Keithley 2400 Source-Meter.

2. Results and discussion

Fig. 2 shows the Inl-V curves of the Al/GO-PTCDA/p-type
Si photodiode in dark, room light and in the illumination
light of 40 mW cm? (light power intensities) in the range
2.00 V and at 300 K absolute temperature. Thus, the 1-V
measurements of the AI/PTCDA-GO/p-type Si photodiode
structure can be written with the following equation [1-8];
q(V_IRs) _q(V_IRs)

=1, exp(Tj{l— exp(T)} (1)

where, k is Boltzmann constant (eV/K), q is the electronic
charge, V is applied voltage, T is temperature, Rs is series
resistance, and n is the ideality factor which ideality factor is
a known electrical parameter for determining the deviation
of I-V curves and Iy is the saturation current density which Io
can be extracted from the straight line intercept of I-V curves
in Fig. 2 expressed as follows;
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Fig. 2. The current-voltage plots of the Al/GO-PCDA/p-Si
structure at room temperature

*r 2 qPpo
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where A is the effective diode area, A* is the effective
Richardson constant of 32 Acm?2K? for p-type Si,
respectively. The ideality factor (n) of the Al/GO-PCDA/p-
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Si structure are determined from the slope of the linear
region of the forward bias 1-V measurements through the

relation;
n:i( dv j a)
kKT \dInl

the barrier height (®yo) is determined from the saturation
current (l,) and is given by the relation;

* 2
®, J%m(’*’” J @)

[0}

Using Eq. (3) and Eq. (4) the values of the n, and ®y, of the
Al/GO-PCDA/p-Si structure at room temperatures were
calculated from the slopes of the linear region of the forward
bias In(1)-V plots in Fig. 2. The ideality factor and barrier
height values were obtained as 6.14 and 0.618 eV; 5.97 and
0.619 eV in dark and under 40 mwW/cm? light illumination
of the AI/GO-PCDA/p-Si structure, respectively. The
ideality factors values in this our sdudy is higher than unity
(n = 1). This situation can be attributed to the fact that the
PTCDA organic interlayer increased the effective barrier
height by influencing the space charge region of Si.
Another method to determine the main parameters of metal-
semiconductor structures is Cheung method [11].
According to Cheung function is analyzed by following
equation;

dv =nk—T+ Rl (5)
d(Inl) q
(KT (T
=.-|I:' —|]Ilﬁ.=IR-_~+E®-.,
H(I) —”:qu! i) 3 THY (6)
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Experimental dV/d(In 1) vs | and H(l) vs I plots of the of
Al/GO-PCDA/p-Si structure at room temperature are
presented in Fig.3 (a) and Fig. 3 (b), respectively. The slope
and intercept of dVv/dIn(1)-1 plots according to Eq. 5 would
yield Rs and nkT/q, respectively. The values of idealitry
factor and series resistance were found as 6.14 and 154.72
Q; 5.96 and 136.14 Q in dark and under 40 mW/cm? light
illumination of the Al/GO-PCDA/p-Si structure at Fig. 3 (a),
respectively. At the same time, the slope and intercept of
H(I)-1 plots according to Eqg. 6 would yield Rs and n®y,,
respectively. The values of @y, and Rs were found as 0.614
eV and 183.48 Q; 0.617 eV and 148.14 Q in dark and under
40 mW/cm? light illumination for the AI/GO-PCDA/p-Si
structure, respectively. As shown in Figs. 3 (a) and (b) show
the plots of H(l) vs | of the of the AlI/GO-PCDA/p-Si
structure in dark and under light illuminations, respectively.
As you can see, this is that series resistance values obtained
from Cheung functions are in good agreement with each
other. The experimental shoved that the barrier heights and
ideality factors have been decreased to be dependent on
illumination intensity.
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Fig. 3 (a). dv/d(In I) vs I plots of the of Al/GO-PCDA/p-Si
structure
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Fig. 3 (b). H(l) vs I plots of the of AlI/GO-PCDA/p-Si
structure

As you can see, ideality factor values obtained from Cheung
functions are higher than the values obtained from |-V curve.
This difference situation at the main electrical properties can
be attributed to the approximation differences between the
thermionic emission theory and Cheung methods.

Norde [12] proposed an alternative method to determine
value of the series resistance on -V curves. Because, while
Cheung functions are only applied to the non-linear region
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of the forward bias 1-V measurements, Norde function is
applied to the full forward bias |-V measurements of the
metal semiconductor structures. Norde’s [12] functions ®p,
and Rg are defined as in the following equations;

VKT (V) j
F(V)==——-—In| —Z% 7
V)= ”(AA*TZ v

V, KT
D, =F(V,)+—2>—— ®)
y q

—n KT
Rs =7 — ©)

o q

where y is an constant higher than the ideality factor, F(Vo)
is the minimum point of F(V) vs V plot, Vo and | are the
corresponding bias voltage and current values, respectively.
F(V)- V curves in dark and under 40 mwW/cm? light
illumination of the AI/GO-PCDA/p-Si structure at room
temperature is shown in Fig. 4.
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Fig. 4. The F(V)-V plots of AlI/GO-PCDA/p-Si structure in

dark and under 40 mw/cm? light illumination.

In Fig.4, the values of ®p, and Rs were obtained using Eq.
(8) and Eq. (9). Thus, values of ®p, and Rs were found as
0.878 eV and 299.48 Q; 0.886 eV and 235.23 Q for Al/GO-
PCDA/p-Si structure in dark and under 40 mW/cm? light
illumination, respectively. As can be seen, the barrier height
and series resistance values obtained from the Norde
method are higher than the values obtained from the Cheung
method. As mentioned above, this situation clearly shows
that Norde’s method are applied to the all forward bias
regions of the I-V curve, while Cheung functions are only
extended to the nonlinear region of the forward bias 1-V
curve.

At a given potential the product of voltage and current
equals the power delivered by a solar cell [13, 14]. So,
maximum power can be determined by following equation;

Brax = VimaxXImax (10)

27
where Pr, is maximum power, Vi, is the maximum voltage
and Im is the maximum current for illumination light
intensity values. The electric power-voltage (P-V) curves
depending on different light illumination intensity for
Al/PTCDA-GO/p-type Si photodiode structure is shown in
Fig. 5 under 40 mwW/cm? light illumination.
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Fig. 5. Power-voltage curve of the AI/PCDA-GO/p-Si
photodiode at 40 mW/cm?

As seen in Fig.5, firstly, the electric power grows as the bias
voltage is increased until it achieves its maximum power,
after which it declines until it hits zero values when the
applied voltage is increased further. It is clearly seen that
Pmax increases with increasing illumination intensity. The
Pmax vValue was found as 1.02x10-6 W under 40 mW/cm? light
illumination.

4. Conclusions

In this study, the basic electrical properties of the Al/p-Si
structures with GO-PTCDA interface were investigated. The
basic parameters such as ideality factors (n), barrier heights
(Do), series resistance were extracted from -V
measurements and discussed in details by thermionic
emission theory in dark and under 40 mwW cm2 (light power
intensities) in the range of + 2.0 V and at room temperature.
The photovoltaic power parameter (Pmax) value was found as
1.02x10°% W under 40 mwW/cm? light illumination.

Acknowledgement:

This work was supported by Kahramanmaras Siit¢ti Imam
University Scientific Research Project Unit (Project
numbers: 2021/2-8 YLS). We would like to thank
Kahramanmaras Stitcii Imam University for financial
support of the research program




Journal of Materials and Electronic Devices 4 (2021) 24-28

References

[1]

[2]

(3]

[4]

[5]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

N. Berk, H. Seymen, I. Orak, and $. Karatas, The
electrical characteristics of metal-semiconductor
hetero-structures ~ with  graphene  oxide and
perylenetetracarboxylic  dianhydride interface J.
Mater. Sci. Mater. Electron 32 (2021) 17500-17511
A.AM. Farag, B. Gunduz, F. Yakuphanoglu, W.A.
Farooq, Controlling of electrical characteristics of
Al/p-Si Schottky diode by tris ( 8-hydroxyquinolinato)
aluminum organic film., Synth. Met. 160 (2010) 2559-
2563.

A. Tiriit., On current-voltage and capacitance-
voltage characteristics of  metal-semiconductor
contacts, Turkish J. Phys., 44 (2021) 302-347.

I. Orak, A. Kocyigit, and S. Karatas, The Analysis of
the Electrical and Photovoltaic Properties of Cr/p-Si
Structures Using Current-Voltage Measurements
Silicon, 10 (2018) 2109-2116

A. Kocyigit, M. Yildirrm , A. Sarilmaz, F. Ozel., The
AU/Cu,WSes/p-Si photodiode:  Electrical and
morphological characterization., Journal of Alloys and
Compounds 780 (2019) 186-192.

S.M. Sze, Physics of Semiconductor Devices, 2nd Ed.,
Wiley, New York, 1981.

A. Dere., Electrical Characterization of Photodiodes
and Solar Cells with FYTRONIX Solar IV
Characterization System., J. Mater. Electron. Devices
6 (2020) 24-26

A. Dere, S.Karatas, F. Yakuphanoglu., Production of
functional liquid crystalline materials for color LCD
displays and inestigation of electro-optical properties.,
J. Mater. Electron. Devices 3 (2021) 15-18

E.H.  Rhoderick, R.H.  Williams, Metal-
Semiconductor Contacts, 2nd ed., Clarendon, Oxford,
1988.

A. Kilgik, N. Berk, H. Seymen, S. Karatas., Study on
preparation of graphene oxide thin film layers: The
electrical and dielectric characteristics of Au/GO/n-
type Si junction structures., J. Mat. Sci: Mat. Electron.
32 (2021) 7913.

S.K. Cheung, N.W. Cheung, Extraction of Schottky
diode parameters from forward current-voltage
characteristics., Appl. Phys. Lett. 49 (1986) 85-89.

H. Norde, A modified forward I-V plot for Schottky
diodes with high series resistance., J. Appl. Phys. 50
(1979) 5052-5055.

LS. Yahia, H.S. Hafez, F. Yakuphanoglu, B. F.
Senkal, M.S.A. A. Mottaleb., Photovoltaic and
impedance spectroscopy analysis of p-n like junction
for dye sensitized solar cell., Synthetic Metals 161
(2011) 1299-1305.

28

[14] I.S. Yahia, F. Yakuphanoglu, S. Chusnutdinow, T.

Wojtowicz, G. Karczewski., Photovoltaic
characterization of n-CdTe/p-CdMnTe/GaAs diluted
magnetic diode., Current Applied Physics 13 (2013)
537-543.


https://www.sciencedirect.com/science/article/pii/S0925838818345043
https://www.sciencedirect.com/science/article/pii/S0925838818345043
https://www.sciencedirect.com/science/article/pii/S0925838818345043
https://scholar.google.com/citations?view_op=view_citation&hl=tr&user=Gg-RGJYAAAAJ&sortby=pubdate&citation_for_view=Gg-RGJYAAAAJ:TFP_iSt0sucC
https://scholar.google.com/citations?view_op=view_citation&hl=tr&user=Gg-RGJYAAAAJ&sortby=pubdate&citation_for_view=Gg-RGJYAAAAJ:TFP_iSt0sucC
https://scholar.google.com/citations?view_op=view_citation&hl=tr&user=Gg-RGJYAAAAJ&sortby=pubdate&citation_for_view=Gg-RGJYAAAAJ:TFP_iSt0sucC
http://dergi-fytronix.com/index.php/jmed/article/view/146
http://dergi-fytronix.com/index.php/jmed/article/view/146
http://dergi-fytronix.com/index.php/jmed/article/view/146
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ytg_BiAAAAAJ&citation_for_view=Ytg_BiAAAAAJ:u5HHmVD_uO8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ytg_BiAAAAAJ&citation_for_view=Ytg_BiAAAAAJ:u5HHmVD_uO8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ytg_BiAAAAAJ&citation_for_view=Ytg_BiAAAAAJ:u5HHmVD_uO8C

