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Abstract

So far, various methods have been proposed to extract the Schottky diode parameters from measured current—voltage char-
acteristics. In this work, Schottky barrier diode with structure of Au/2(3),9(10),16(17),23(24)-tetra(4-(4-methoxyphenyl)-
8-methylcoumarin-7 oxy) phthalocyaninatoiron(Il) (FePc)/p-Si was fabricated and current—voltage measurements were car-
ried out on it. In addition, current—voltage measurements were also performed on Au/p-Si structure, without FePc, to clarify
the influence of the presence of an interface layer on the device performance. The measured current—voltage characteristics
indicate that the interface properties of a Schottky barrier diode can be controlled by the presence of an organic interface layer.
It is found that the room temperature barrier height of Au/FePc/p-Si structure is larger than that of the Au/p-Si structure. The
obtained forward bias current—voltage characteristics of the Au/FePc/p-Si device was analysed by five different analytical
methods. It is found that the extracted values of SBD parameters strongly depends on the method used.

1 Introduction

In the past years, there has been great interest in the develop-
ment of molecular material-based Schottky barrier diodes
(SBDs) because of the importance of SBDs as basis of a
large number of devices [1-4]. Metal phthalocyanines
(MPcs) have been proposed and used in a variety of fields,
including photovoltaic cells, chemical sensing, non-linear
optics, and electrochromic devices [5—11]. Modification of
junction between a metal and semiconductor often requires
to achieve desired barrier height and ideality factor. It was
shown in the literature that modification of the interface
properties of an SBD can be achieved by introducing vari-
ous organic [12, 13] and inorganic materials [14]. More
recently, it has been shown that the use of organic layer
in SBDs allows to control the interface properties and the
main SBD parameters such as barrier height and ideality
factor [15, 16]. These works have opened a new possibil-
ity to fabricate molecular electronic-based SBDs. Among
molecular materials, supramolecular compounds, such as
phthalocyanines, suffer some advantages over conventional
organic materials due to their structural flexibility, improved
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spectroscopic characteristics, and high thermal and chemical
stability. In this regards, much interest has been focused on
the Si-based SBDs using organic interlayers to reduce the
interaction between the metal and semiconductor [17]. To
date, various methods have reported in the literature to deter-
mine the SBD parameters. Most of these methods are based
on the current—voltage (I-V) characteristics and require the
presence of the linear region on the In (/) vs. V plot and use
some auxiliary function [18-22].

According to Schottky—Mott theory, for an ideal SBD,
the barrier height depends only on the work function differ-
ence between the metal electrodes and electron affinity of the
semiconductors. On the other hand, it is well documented in
the literature that the observed SBD parameters show strong
dependence on the sample treatment and analysis method
used to extract the SBD parameters [23]. Hence, it would
be of great interest to know which method is appropriate
for the determination of SBD parameters. In this work, we
aimed to compare the suitability of the /-V characteristic-
based methods used to determine the parameters of SBD
with organic interlayer. So far, various methods have been
proposed and used to extract the SBD parameters [24-28],
but to the authors’ knowledge, there are no reports on the
comparison of the parameters obtained from these different
techniques for a Schottky diode with an organic interlayer. In
this study, the basic of the methods used is described shortly
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first, and then, the methods are examined and compared on
experimentally obtained /-V data.

2 Experimental

The Schottky barrier diodes were prepared using (100)-ori-
ented p-type silicon wafers with resistivity in the 10-15 Q cm
range. The Si wafers were cleaned using standard RCA clean-
ing procedure (i.e., a 10 min boil in NH,+H,0,+ 6H,0
followed by a 10 min boil in HC1+H,0,+ 6H,0). After
RCA cleaning, ohmic back contact to Si substrate was
made by thermally evaporating of high purity aluminium
metal at pressure of 2x 107 mbar, followed by heat treat-
ment at 560 °C for 4 min in N, atmosphere. Before form-
ing FePc layer on the Si substrate, the native oxide on the
polished surface of the wafers was removed in HF/H,0O
(1:10) solution and was rinsed in de-ionized water for
20 s and finally dried with N, gas. Spin-coated thin film
of 2(3),9(10),16(17),23(24)-tetra(4-(4-methoxyphenyl)-
8-methylcoumarin-7 oxy) phthalocyaninatoiron(Il) (FePc)
was used as organic interlayer. The molecular structure of the
FePc is shown in Fig. 1. The synthesis detail of FePc can be

Fig. 1 Molecular structure of
FePc phthalocyanine
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found in [29]. MALDI-TOF mass spectroscopy analysis was
performed to confirm the formation of the proposed structure.
For this purpose, matrix-assisted laser desorption/ionization
time of flight (MALDI-TOF) mass spectra were measured
using a Bruker Autoflex III mass spectrometer equipped with
a nitrogen UV-laser operating at 337 nm. a-cyano-4-hydroxy-
cinnamic acid (CHCA) was chosen as the best MALDI matri-
ces. An intense molecular ion peak observed at 1689.63 Da
for the compound matched perfectly by the theoretical peaks
of the complex determined by isotropic software calculation.
Thus, MALDI-TOF mass spectroscopy analyses confirmed
the structure of FePc compound (Fig. 2). For the spin coating,
spreading solutions were prepared by dissolving the FePc
in extra pure grade dichloromethane at concentrations of
5% 107 M. A mixture of 15 pL of this solution was added
with a glass pipette onto the p-Si substrate held on a spin-
ner. The substrate was spun at 2000 rpm for 90 s, and then,
the film was dried at 80 °C under vacuum for 2 h to ensure
removal of the residual solvent in the film. The thickness of

the FePc layer was determined by elipsometric technique and
it was found to be 30 nm. After the spin coating of 4x 107>
M dichloromethane solution of FePc onto Si wafer, circular
dots of 1 mm in diameter and 1200 A thick Au contacts were




Comparative study of I-V methods to extract Au/FePc/p-Si Schottky barrier diode parameters

Page3of8 81

100 4

L
B0 -

& -

et O

(Weha)

40 [+

Tor 170 7

T d T v T . - T
&00 L wu) 1000 1200 1400 1600 1800 2000

= - +

Fig.2 MALDI-TOF mass spectrum of FePc in a-cyano-4-hydroxy-
cinnamic acid MALDI matrix accumulating 50 laser shots. Inset
spectrum shows expanded molecular mass region

formed on FePc layer through a metal shadow mask in high
vacuum system. The current—voltage (/-V) characteristic
measurements were carried out on the Au/FePc/p-Si structure
at various temperatures between 300 and 480 K. I~V meas-
urements were performed in a temperature-controlled vac-
uum chamber using an electrometer (Keithley Model 617).

3 Results and discussion

To clarify the effects of the insertion of FePc layer between
the Si substrate and Au electrode on the I-V characteristics,
a comparison of the /-V behavior between Au/p-Si and Au/
FePc/p-Si structure is made. Figure 2 shows typical forward
and reverse /-V characteristics of the devices at room tem-
perature. As is clear from Fig. 2, both devices exhibit rectifi-
cation behavior with different rectification ratios. The results
prove the good rectification performance for the Au/FePc/p-
Si structure. The rectification ratio has been estimated to
be 3 and 970 at bias potential of +1 V for Au/p-Si and Au/
FePc/p-Si structure, respectively. It was observed from the
temperature-dependent measurements that the rectification
ratio decreases as the temperature increases.

The determination of fundamental parameters of the
SBD, which are ideality factor, barrier height, and series
resistance, is extremely important for design of SBD-based
devices. The main objective of this work is to compare the
methods used for determination of main SBD parameters
in Au/FePc/p-Si structure. For this purpose, the voltage
dependence of the forward bias current was measured at
various temperatures and analysed using five different
models. Figure 3 shows the measured /-V characteristics
at different temperatures between 300 and 480 K.
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Fig.3 Comparison of room temperature /-V characteristics of Au/p-
Si and Au/FePc/p-Si structures

As is clear from Fig. 3 that the experimentally obtained
I-V curves do not exhibit linear behavior for temperatures
investigated. Deviation from linearity, especially for the
high values of applied voltage, is clear. In forward bias
I-V curves, the curvatures in the downward suggest the
presence of bulk series resistance. For a Schottky diode
with an organic interlayer, the forward bias dependence of
the current can be expressed as [30]

V- IR V —IR
I =1Iexp <%> [l—exp <—%>] 1)

998 )

I = AA*T? (—
S exp kT

@
where I is known as reverse saturation current, ¢ is the elec-
tronic charge, V is the applied voltage, k is the Boltzmann
constant, R, is the series resistance, n is the ideality factor,
@y 1s zero bias Schottky barrier height, T is the temperature
in Kelvin, A is the diode area, and A* is the effective Rich-
ardson constant. The ideality factor, n, and barrier height,
@y, for the Au/p-Si and Au/FePc/p-Si SBD were derived
from slope and intercept of the linear portion of Fig. 3 using
Egs. (1) and (2) at each temperature and given in Table 1.
The results showed that the room temperature barrier height
value of 0.85 eV for the Au/FePc/p-Si device is remark-
ably higher than that of Au/p-Si structure, whose barrier
height was found to be 0.52 eV. A possible explanation for
the observed high barrier height in Au/FePc/p-Si structure
can be given as follows: the insertion of FePc organic layer
forms a physical barrier between the gold electrode and the
p-Si. The presence of organic layer can cause shift in the
work function of the metal and in the electron affinity of
the Si, and in turn, the organic layer gives an excess barrier.
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Table 1 Electrical parameters of FePc-based SBD obtained with different methods

T (K) Conventional forward /-V Norde method Bohlin method Mikhelashvili method Cheung method
n pg (V) R (kQ) n ¢@g€V) R kQ) n pg (V) R, (kQ) n pg (V) R, (kQ) n o €V) R, (kQ)

300 39 0.85 - - 084 165.6 5.1 091 187.3 28 094 121.6 42 0.86 204.0
325 33 093 - - 091 129.0 44 097 153.2 22 1.03 100.1 44 0.88 188.3
350 3.0 0.98 - - 097 98.3 46 1.06 102.0 1.9 1.11 75.2 3.8 093 162.0
375 3.1 1.00 - - 1.01 33.5 42 1.13 88.7 1.6 1.19 432 33 098 136.7
400 25 111 - - 107 12.2 34 121 63.3 1.8 1.28 37.8 24 1.07 98.6
425 26 1.13 - - LI2 19.1 3.0 1.30 41.0 1.6 134 12.1 20 1.18 63.7
450 2.1 1.19 - - L.17 8.5 24 144 32.8 20 142 7.3 23 132 44.8
480 1.6 1.26 - - 127 6.4 2.1 148 13.7 1.7 1.48 3.3 1.9 1.38 27.7

The previous studies of the Schottky barrier diodes with an
organic interlayer have verified that the organic materials
have a great potential for the modification of the inorganic
semiconductor—metal interfaces, which is consistent with
our finding. The previous studies showed that the organic
interfacial layer formed at metal/inorganic semiconductor
has a rectification behavior in which the values of Schottky
barrier height and ideality factor are greater than those of the
conventional metal/semiconductor structures [1, 20, 31, 32].

As can be seen from Table 1, the values of ideality
factor and barrier height obtained from the forward I-V
characteristics range from 3.9 to 0.85 eV (at 300 K) to
1.6 and 1.26 eV (at 480 K), respectively. It means that the
value of the ideality factor obtained is always greater than
unity. Values of the ideality factor different from unity
are related to image forces acting on the barrier height
and interface states or traps, localized in the insulator. At
relatively bias levels, the main reason for the deviation
from an ideal characteristics is the fact that various carrier
transport mechanisms such as tunneling through a barrier
and generation—recombination current in the depletion
region occur simultaneously with thermionic emission,
thereby changing ideality factor [1, 20]. It is also clear
that the barrier height increases, while the ideality fac-
tor of the device decreases with increasing temperature.
This is indicating that the current transport deviates from
the ideal thermionic model. The same types of tempera-
ture dependence of the ideality factor and barrier height
obtained from forward /-V characteristics were reported
in the literature [33]. It can be concluded that the presence
of lateral inhomogeneous barrier height distributions and
interfacial Pc layer leads to high ideality factor [1]. A high
values of n can also be attributed to the presence of the
interfacial FePc layer, a wide distribution Schottky barrier
height (or barrier inhomogeneities), series resistance, and,
therefore, to the bias voltage dependence of Schottky bar-
rier height [34]. As the temperature increases, the increase
in barrier height can be attributed to the inhomogeneous

@ Springer

barrier heights at the interface between metal and semi-
conductor [35, 36].

In Schottky barrier diodes, the series resistance is one
of the most important parameters governing the electrical
properties of diodes. As shown in Table 1, the values of the
series resistance, R, decrease with increasing temperature.
The same type of temperature dependence of series resist-
ance was observed for Au/perylene-diimide/p-Si Schottky
device [37] and Al/SiO,/p-Si [38] structure. The decrease in
series resistance can be attributed to the decrease of ideality
factor with increase of temperature and also to the rising of
free carrier concentration at higher temperatures. It should
be mentioned here that thermal restructuring and reorder-
ing of interface is another possible reason for the observed
decrease in series resistance [39].

3.1 Norde method

This method is based on a modified forward I-V plots even
in the presence of a high series resistance [24]. Norde has
been derived the following auxiliary function:

V. kT 1
Fuv =< - (o) 3

where « is an arbitrary constant greater than n. From the
minimum of F vs. V and F vs. I plots, the values of barrier
height and series resistance can be obtained:

—n(V
oy = PO+ 221 (20 AT @
(a —n) kT
R =—"""=
) qly ©)

where V(, and I, are voltage and current at which F'vs. V and
F vs. I plots have minimum, respectively.

Figure 4a, b shows the F vs. V and F vs. I plots at various
temperatures, respectively. From the minimum of Fig. 4a, b,
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Fig.4 Forward bias /-V characteristics of the Au/FePc/p-Si structure
at indicated temperatures

with the aid of Eqgs. (4) and (5), the values of the barrier height
and series resistance were obtained and collected in Table 1.

It is found that the barrier height obtained from Norde
method ranged from 0.84 to 1.27 eV, which is compara-
ble with the barrier height values obtained from conven-
tional forward I-V characteristics. As expected, the values
of the barrier height increase with increasing temperature.
From the calculated values of the series resistance, it was
observed that at low temperatures, R, values were the high-
est. It decreased with temperature.

3.2 Bohlin method

In this model, which is suggested by Bohlin [40], two dif-
ferent Norde’s functions [F;(V) and F,(V)] are used to
determine the values of n, g, and R,. As stated above, the
fundamental functions F;(V) and F,(V) of this model are
defined as

VYV _K (L

F (V)= o p ln< *T2> (6)
Vv kT 1

W)= o= () @

The SBD parameters are obtained from Eqs. (6) and (7) as
Vor = Voo — (ay —a)kT /q ]

_ 1 [0‘1102 — aply;

2 Loy — Iy Fy(Voo) = F1(Vo) = Vo /oy + Vi /e
(®
1 (@, = m)(qVo, — a,kT)
o5 =5 [FI(V(H) + a];,‘l L+ Fy(Vy)
o, —n)(qVy, — a, kT
+( 2 )@V, 2kT) ©)

aqn

kT al —n 0(2 —n
R, = —
) 261< Iy, " Iy, ) (10)

where [F (V). Vo] and [F(Vy,), Vi,] are the coordinates
of minimum points in the plots F,(V) vs. V and F,(V) vs.
V, respectively; I, and [, are the current values at the
voltage V|, and Vy,, respectively. The SBD parameters
for Au/FePc/p-Si structure were calculated with the aid of
equations given above and collected in Table 1. A close
investigation of Table 1 indicates that the ideality factor
of the device takes values between 5.1 and 2.1, which is
quite different from the values obtained using the conven-
tional forward /-V characteristics. Although the variation
of the barrier height and series resistance with tempera-
ture obtained from Norde and Bohlin method has the same
trends (for both methods, the barrier height increases, but
series resistance decreases with increase in temperature),
it can be said that the values of barrier height and series
resistance obtained from both methods are slightly different
from each other.

3.3 Mikhelashvili method

Another technique for the determination of SBD parame-
ters is Mikhelashvili method [41]. Mikhelashvili’s method
is based on the following function:

_ d(nD .
d(n V)’ an

(V)

According to Mikhelashvili, the plot of (V) vs. V
should have a maxima at a certain value of applied volt-
age V. From the maxima of 8(V) vs. V plots, the SBD
parameters can be obtained using the equations:

4V, - 1)
T T 2)
kT I
¢B=7[9m+1—ln <1T:1T2>] (13)
Vm
Ro=o7 (14)
m'm

where 6, and V, are the coordinates of maximum point in
0(V) vs. Vplot, and I, is the current value at the voltage of
V... Figure 5 depicts the 8(V) vs. V plots for Au/FePc/p-Si
structure at selected temperatures. It is clear that, as sug-
gested by Mikhelashvili, (V) vs. V plots have maxima at
various values of V depending on temperature.

The main SBD parameters for our device were calcu-
lated from Fig. 5 using Egs. (12-14) and obtained data are

@ Springer
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Fig.5 F(V) vs. V (a) and F(I) vs. I (b) plots of the Au/FePc/p-Si
structure at various temperatures

given in Table 1 to facilitate the comparison of the results
obtained. From the comparison of the data presented in
Table 1, it will be clear that the Mikhelashvili method gives
smaller ideality factor values, especially at low temperatures.
It was also found low R, values with this method.

3.4 Cheung method

Cheung and Cheung [28] showed that the SBD parameters
can be obtained using the the following equations:

dv nkT
= KT L IR,
dinl) g S (15
nkT 1
H) =V - L <—>
(=v-"Ln( (16)
H(I) = ngy + IR, a7

@ Springer

The Cheung method was applied by a linear plot of H(I)
against [ and dV/d(In I) vs. I. As a representative result,
H(I) vs. I and dV/d (In I) vs. I plot is shown in Fig. 6. As
is clear from Fig. 6, a plot of H({) vs. I and dV/d(In I) vs.
I plots show a straight line with intercept at y-axis equal
to ngpg. The values of n, ¢g and R were calculated from
these plots. The calculated values of these parameters are
presented in Table 1. It was observed that the ideality fac-
tor takes the values of 4.2, 3.8, 3.3, 2.4,2.0, 2.3, and 1.9,
barrier height of 0.86, 0.88, 0.93, 0.98, 1.07, 1.18, 1.32,
and 1.38, and R of 204.0, 188.3, 162.0, 136.7, 98.6, 63.7,
44.8, and 27.7 for 300, 325, 350, 375, 400, 425, 450, and
480 K, respectively (Fig. 7).
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4 Conclusion

Schottky barrier diode on p-Si substrate with an FePc
interlayer was fabricated and characterized by means of
forward bias /-V measurements. Deviation from linearity
in the forward bias /-V curves, especially for sufficiently
large applied voltages, was observed and attributed to the
presence of lateral inhomogeneous barrier height distribu-
tions and series resistance. Five different methods, conven-
tional forward bias I-V method, Norde, Bohlin, Mikhelash-
vili, and Cheung methods, were applied to experimental
I-V data to extract the main SBD parameters and com-
pared the limitations of these methods. It was observed
that the values of the SBD parameters are strongly depend
on the method used. The results obtained here indicated
that the standard method is especially limited by the value
of the series resistance. On the other hand, although the
method proposed by Norde leads to some improvements,
its accuracy is dependent on a value selected. However,
it is to be noted that the Cheung method exhibits some
advantages. It appears to be the simplest to use and is the
most sensitive method to evidence the contribution of a
generation—recombination current.

References

1. E.H. Rhoderick, R.H. Williams, Metal-Semiconductor Contacts,
2nd edn. (Clarendon Press, Oxford, 1988)

2. 1. Missoum, Y.S. Ocak, M. Benhaliliba, C.E. Benouis, A. Chaker,
Microelectronic properties of organic Schottky diodes based on
MgPc for solar cell applications. Synth. Met. 214, 76-81 (2016)

3. R.K. Gupta, R.A. Singh, Fabrication and characteristics of
Schottky diode based on composite organic semiconductors.
Compos. Sci. Techn. 65, 677-681 (2005)

4. B. Keskin, C. Denktas, A. Altindal, U. Avciata, A. Gul, Synthe-
sis of Ni(II) porphyrazine peripherally octa-substituted with the
4-tert-butylbenzylthio moiety and electronic properties of the Al/
Ni(ID)Pz/p-Si Schottky barrier diode. Polyhedron 38, 121-125
(2012)

5. P.Peumans, S.R. Forrest, Very high efficiency double heterostruc-
ture copper phthalocyanine/C60 photovoltaic cells. Appl. Phys.
Lett. 79, 126-128 (2001)

6. D.Y. Kim, F. So, Y. Gao, Aluminum phthalocyanine chloride/
C60 organic photovoltaic cells with high open-circuit voltage.
Sol. Energ. Mat. Sol. Cells 93, 1688-1691 (2009)

7. F.Pekdemir, S. Kurnali, A. Sengiil, A. Altindal, A.R. Ozkaya, B.
Salih, O Bekaroglu, A conformationally stressed novel ball-type
perylenediimide appended zinc(II)phthalocyanine hybrid: spectro-
electrochemical, electrocolorimetric and photovoltaic properties.
Dalton Trans 44, 158—-166 (2015)

8. R.Rella, P. Siciliano, D. Manno, A. Serra, A. Taurino, A. Tepore,
L. Valli, A. Zocco, Gas-sensing properties of multilayers of two
new macrocyclic copper complexes. Sens Actuators B 44, 585—
589 (1997)

9. S. Sahin, A. Altun, A. Altindal, Z. Odabas, Synthesis of novel
azo-bridged phthalocyanines and their toluene vapour sensing
properties. Sens Actuators B 206, 601-608 (2015)

10. Y. Chen, M. Hanack, W.J. Blau, D. Dini, Y. Liu, Y. Lin, J. Bai,
Soluble axially substituted phthalocyanines: synthesis and non-
linear optical response. J. Mat. Sci 41, 2169-2185 (2006)

11. C.L. Lin, C.C. Lee, K.C. Ho, Spectroelectrochemical studies of
manganese phthalocyanine thin films for applications in electro-
chromic devices. J Electroanal. Chem. 524, 81-89 (2002)

12. A.A.M. Farag, H.S. Soliman, A.A. Atta, Analysis of dark and
photovoltaic characteristics of Au/PyronineG(Y)/p-Si/Al hetero-
junction. Synth. Met. 161, 2759-2764 (2012)

13. Y. Takanashi, N. Oyama, K. Momiyama, Y. Kimura, M. Niwano,
F. Hirose, Alpha-sexthiophene/n-Si heterojunction diodes and
solar cells investigated by /-V and C-V measurements. Synth.
Met. 161, 2792-2797 (2012)

14. 1. Ohdomari, T.S. Kuan, K.N. Tu, Microstructure and Schottky
barrier height of iridium sillicide formed on silicon. J. Appl. Phys.
50, 7020-7029 (1979)

15. ML.E. Aydin, F. Yakuphanoglu, J.-H. Eom, D.-H. Hwang, Elec-
trical characterization of AI(MEH-PPV/p-Si Schottky diode by
current—voltage and capacitance—voltage methods. Phys. B 387,
239-244 (2007)

16. S Karatag, C. Temirci, M. Cakar, A. Tiiriit, Temperature depend-
ence of the current—voltage characteristics of the Al/Rhoda-
mine-101/p-Si (100) contacs. Appl. Surf. Sci. 252, 2209-2216
(2006)

17. K.S. Karimov, M.M. Ahmed, S.A. Moiz, M.I. Fedorov, Tempera-
ture dependent properties of organic on inorganic Ag/p-CuPc/n-
GaAs/Ag photoelectric cell. Sol. Energ. Mat. Sol. Cells 87, 61-75
(2005)

18. Y. Olikh, Review and test of methods for determination of the
Schottky diode parameters. J. of Appl. Phys. 118, 024502-024514
(2015)

19. D.K. Schroder, Semiconductor Material and Devices Characteri-
zation, 3rd edn. (Wiley, New York, 2006)

20. S.M. Sze, K.N. Kwok, Physics of Semiconductor Devices, 3rd edn.
(Wiley-Interscience, New York, 2006)

21. S Altundal, F. Parlaktiirk, A. Tataroglu, M. Parlak, S.N. Sarmasov,
A.A. Agasiev, The temperature profile and bias dependent series
resistance of Au/Bi,Ti;0,,/SiO,/n-Si (MFIS) structures. Vacuum
82, 1246-1250 (2008)

22. N.N. Halder, P. Biswas, S. Kundu, P. Banerji, Au/p-Si Schottky
junction solar cell: Effect of barrier height modification by InP
quantum dots. Solar Energy Mater. Solar Cells 132, 230-236
(2015)

23. V. Aubry, F. Meyer, Schottky diodes with high series resistance:
limitations of forward /-V methods. J. Appl. Phys. 76, 7973-7984
(1994)

24. H. Norde, A modified forward I-V plot for Schottky diodes with
high series resistance. J. Appl. Phys. 50, 5052-5053 (1979)

25. C.-D. Lien, F.C.T. So, M.-A. Nicolet, An improved forward I-V
method for nonideal Schottky diodes with high series resistance.
IEEE Trans. Electron. Devices 31, 1502—-1503 (1984)

26. R.M. Cibils, R.H. Buitrago, Forward IV plot for non ideal Schottky
diodes with high series resistance. J. Appl. Phys. 58, 1075-1077
(1985)

27. T.C.Lee, S. Fung, C.D. Beling, H.L. Au, A systematic approach
to the measurement of ideality factor, series resistance, and barrier
height for Schottky diodes. J. Appl. Phys 72, 4739-4742 (1992)

28. S.K. Cheung, N.W. Cheung, Extraction of Schottky diode param-
eters from forward current—voltage characteristics. Appl. Phys.
Lett. 49, 85-87 (1986)

29. S. Altun, E.B. Orman, Z. Odabas, A. Altindal, A.R. Ozkaya,
Gas sensing and electrochemical properties of tetra and octa
2H-chromen-2-one substituted iron(II) phthalocyanines. Dalton
Trans. 44, 4341-4354 (2015)

30. M.G.Zhu, J.A. Zhang, Z.L.. Wang, L.J. Wan, X.J. Chen, Phys. E
43, 515-520 (2010)

@ Springer



81

Page 8 of 8

C. Orug, A. Altindal

31.

32.

33.

34.

35.

36.

O. Giilli, T. Kiligoglu, A. Tiiriit, Electronic properties of the
metal/organic interlayer/inorganic semiconductor sandwich
device. J. Phys. Chem. Solids 71, 351-356 (2010)

M. Canlica, M. Coskun, A. Altundal, T. Nyokong, Schottky bar-
rier diode parameters of Ag/MgPc/p-Si structure. J. Porphyrins
Phthalocyanines 16, 856-860 (2012)

P. Dalapati, N.B. Manik, A.N. Basu, Study of effective carrier
lifetime and ideality factor of BPW 21 and BPW 34B photodi-
odes from above room temperature to liquid nitrogen temperature.
Cryogenics 65, 10-15 (2015)

OF. Yiiksel, N. Tugluoglu, F. Caliskan, M. Y1ldirim, Tempera-
ture dependence of current—voltage characteristics of the Al/
Rubrene/n-GaAs (100) Schottky barrier diodes. Mater. Today
Proc. 3, 1271-1276 (2016)

H.S. Soliman, A.A.M. Farag, N.M. Khosifan, T.S. Solami, Elec-
tronic and photovoltaic properties of Au/pyronine G (Y)/p-GaAs/
Au:Zn heterojunction. J. Alloy. Compd. 530, 157-163 (2012)
M. Ravinandan, P.K. Rao, V.R. Reddy, Temperature dependence
of current—voltage (I-V) characteristics of the Pt/Au Schottky

@ Springer

37.

38.

39.

40.

41.

contacts on n-type GaN. J. Optoelectron. Adv. Mater. 10, 2787—
2792 (2008)

OF. Yiiksel, N. Tugluoglu, H. Safak, M. Kus, The modification of
Schottky barrier height of Au/p-Si Schottky devices by perylene-
diimide. J. Appl. Phys. 113, 044507 (2013)

A. Tataroglu, § Altindal, M.M. Biilbiil, Temperature and fre-
quency dependent electrical and dielectric properties of Al/g;q,/p-
Si (MOS) structure. Microelectron. Eng. 81, 140-149 (2005)

B. Akkal, Z. Benamara, B. Gruzza, L. Bideux, Characterization
of interface states at Au/InSb/InP (100) Schottky barrier diodes
as a function of frequency. Vacuum 57, 219-228 (2000)

K.E. Bohlin, Generalized Norde plot including determination of
the ideality factor. J. Appl. Phys 60, 1223-1224 (1986)

V. Mikhelashvili, G. Eisenstein, V. Garber, S. Fainleib, G. Bahir,
D. Ritter, M. Orenstein, A. Peer, On the extraction of linear and
nonlinear physical parameters in nonideal diodes. J. Appl. Phys
85, 6873-6883 (1999)



	Comparative study of I–V methods to extract AuFePcp-Si Schottky barrier diode parameters
	Abstract
	1 Introduction
	2 Experimental
	3 Results and discussion
	3.1 Norde method
	3.2 Bohlin method
	3.3 Mikhelashvili method
	3.4 Cheung method

	4 Conclusion
	References


