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Abstract- In this study, both Au/n-Si (MS) and Au/(ITO-PVP)/n-Si (MPS) structures 

were fabricated on the same n-Si wafer in the same conditions to see the effect of 

(ITO-doped PVP) organic interfacial layer on the main electrical parameters. 

Additionally, the forward bias (I-V) and reverse bias (C-V) characteristics were 

performed in wide range of bias voltage at room temperature for two type structures 

to see the discrepancies between measurement and calculated method. Some main 

electrical parameters such as the reverse-saturation current (Io), ideality factor 

(n), barrier height, BH, ( B(I-V)), series (Rs) and shunt (Rsh) resistances, and 

rectifying rate (RR=IF/IR) of them were found from the I-V data as 2.58x10-8A, 6.43, 

0.72 eV, 2.94 k, 0.19 M for MS and 8.53x10-13A, 2.67, 0.98 eV, 1.375 k , 10.40 M , 

7620 for MPS type structure, respectively. Additionally, the values of diffusion 

potential (VD), doping donor atoms (ND), Fermi energy (EF), depletion layer width 

(WD) and BH ( B(C-V)) were found from the reverse bias C-2-V characteristics at 1 

MHz as 0.63 eV, 7.53x1014 cm-3, 0.288 eV, 102 m, and 0.893 eV for MS and  0.69 eV, 

7.19x1014 cm-3, 0.289 eV, 110 m, and 0.956 eV for MPS type structure, respectively. 

Experimental results show that the used (ITO-PVP) organic interlayer improved the 

performance of the conventional MS structure and hence it can be successfully used 

instead of conventional insulator/oxide layer in respect of easy grown methods, low 

cost, low weight, low energy requirement, and flexibility when compared with 

traditional insulator materials such SiO2. 

Keywords: (ITO doped PVP) organic interlayer; A comparison electrical parameters of 

MS and MPS structures; Main electrical parameters; Discrepancies between calculation 

method 
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1. Introduction 

Nowadays, the fundamental requirement is using the high-dielectric interlayer or metal-

doped polymer to increase the performance and decrease the cost in metal-semiconductor 

(MS) type Schottky barrier diodes (SBDs) with native or deposited an insulator layer by 

traditional methods such as thermal oxidation or wet oxidation. However, the used of a 

low-dielectric insulator layer cannot completely passivate the active dangling bonds at 

the semiconductor surface, leakage current and continuous control of BH.  Therefore, 

many attempts have been made by researchers to realize a modification and continuous 

control barrier height (BH) between metal and semiconductor by using an organic/polymer 

interlayer instead of traditional insulator layer such as SiO2 and SnO2 because of its 

ease grown processing (electro-spinning, spin coating, and sol-gel methods), low cost, 

light-weight per molecule, flexibility, and high dielectric strength [1-7]. 

When organics/polymers compared with inorganic/semiconductors, polymers have lower-

carrier motilities and conductivities and come up with this problem, usually polymers 

can be doped with a suitable dopant metal or metal oxide and graphene. Thus, the used a 

high dielectric organic interlayer can be increased of the BH, rectifying rate (RR) and 

decrease of the leakage current, surface states (Nss), and series resistance (Rs) of the 

SBD. The quality and reliability of these devices are also dependent on the nature of 

BH, doping concentration level of atoms (donor acceptor), thickness and homogeneity of 

interlayer, applied voltage and sample temperature [8-10]. It is well known, unless 

specially performed of MS and MIS type SBDs, many Nss or dislocations located at 

interlayer/semiconductor surface, many patches/pinch-off at around mean BH, and Rs can 

be occurred which are strongly influenced the performance of these devices. Usually, Nss 

may be originated from dangling bounds at surface of semiconductor, oxygen vacancies, 

organic contaminates in the laboratory, and during cleaning processes of surface [8-10].  

Since the thickness of interlayer becomes higher than 3-4 nm, then Nss is equilibrium 

with the semiconductor rather than metal and they act a recombination centers which can 

release and capture electrons. On the other hand, Rs may be originated from the back 

ohmic and rectifier contacts to the semiconductor and interlayer, respectively, the used 

probe wire to gate rectifier contact, bulk resistance of semiconductor, and extremely 

non-uniform doped donor/acceptor atoms in the semiconductor [11-14]. 

In MS, MIS and MPS type SBDs, the value of n is a measure of the validity to TE theory 

and high value of it is an evident a deviation from pure TE theory (ideal case) and also 

it is strong function of forward bias voltage except for the linear part of the LnI-V 

plot in moderate/intermediate bias voltage. The magnitude of n is usually dependent on 

doping concentration level and so depletion layer width (Wd~(N-1)0.5), the thickness (di) 

and dielectric value of interlayer, the homogeneity or formation BH at M/S interface. 

 The main goal of this study is to compare the electrical characteristics of Au/n-
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Si (MS) and Au/(ITO-PVP)/n-Si (MPS) type SBDs to determine the role of (ITO-doped PVP) 

organic interlayer on the performance MS type SBD. Therefore, the forward and reverse 

bias I-V, C-V, and G/ -V measurements are carried out at room temperature in the wide 

range of applied bias voltage ( 3V). We observed that the used (ITO-PVP) organic 

interlayer significantly improves the performance of the MS type SBD and so it can be 

successfully used instead of a conventional insulator layer from the point of easy 

perform onto the surface of semiconductor with low-cost/energy-consumption, light-weight 

per molecule and flexibility. 

2. Experimental Details 

In order to demonstrate the effects of (ITO-PVP) polymer interlayer on the CTMs and  the 

formation of BH at M/S interface, both the Au/n-Si (MS) and Au/(ITO-PVP)/n-Si (MPS) type 

SBDs were fabricated on the same n-Si (P-doped) wafer with (100) orientation, 350 μm 

thickness, and at about 1.1×1021 m-3 doping concentration atoms in same conditions. Si 

wafer was dipped in ammonium-peroxide at about 1 min to remove the native insulator 

layer and organic impurities on the surface. After that it etched in the 

(H2SO4:H2O2:H2O=3:1:1) and (HCl:H2O=1:1) for one minute, respectively. After each 

cleaning step it was rinsed deionize-water (DW) with high-resistivity (18 M ) and 

consequently dried by nitrogen gas. After cleaning processes, immediately n-Si wafer was 

transferred into high-vacuum thermal evaporation system and then high-pure Au (99.999%) 

with 120 nm thicknesses was evaporated onto back side of wafer at 10-6  Torr and then 

it was annealed at 550 oC for 5 min in a N2 atmosphere to perform a good ohmic contact 

and then it was divided two pieces. In order to perform MS type SBDs without an 

interlayer, high-pure Au circular dots with 1 mm diameter (7.85x10-3 cm2) and 120 nm 

thickness were deposited on the front of first piece of n-Si wafer. After the formation 

MS type SBDs, the prepared (ITO-PVP) solution was grown on the front of second piece of 

n-Si wafer by electro-spinning method and its thickness was predicted as 32 nm. Finally, 

high-pure Au circular dots with same area were thermally evaporated on the interlayer 

and so the fabrications of MS and MPS type SBDs were completed. 
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Figure 1.  The schematic representation of the I-V, C-V and G/w-V measurement system 

The forward and reverse biasI-V and C-V/G/ -V measurements were carried out by the use 

of a Keithley-2400 source-meter and HP4192A impedance analyser, respectively. The 

schematic diagram of the measurement system was given in Fig 1. 

3. Results and Discussions 

3.1 Forward and Reverse Bias I-V Characteristics 

Fig. 2 shows the LnI vs V measurements of the fabricated MS and MPS type SBD. As shown 

in Fig 2, both the reverse and forward bias LnI vs V plot of the MS is quite different 

from the MPS type SBD due to the existence of organic (ITO-PVP) interlayer, a special 

density distribution of the Nss, Rs of them. For example, the leakage current for MPS 

type SBD is 5.5 times lower than the MS type SBD at -3 V. Similarly, RR of the MPS is 

almost 12 times higher than the MS type SBD at  3V. 
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Fig. 2. The semi-logarithmic LnI-V plot for the Au/n-Si and Au/(ITO-PVP)/n-Si SBDs 

As can be seen in Fig 2, contrary to MS type SBD, in the forward bias region the lnI-V 

plot for the MPS has two straight lines with different slope and intercepts point for 

low and intermediate voltages, respectively.  Such behavior of the LnI vs V plot is 

known as “two-parallel diode model” with different BHs and resistances and hence the 

relation between I and V is expressed as follow [15,16]: 
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𝐼 = 𝐼𝑜1 [𝑒𝑥𝑝 (
𝑞(𝑉−𝐼𝑅𝑠)

𝑛1𝑘𝑇
) − 1] + 𝐼𝑜2 [𝑒𝑥𝑝 (

𝑞(𝑉−𝐼𝑅𝑠)

𝑛2𝑘𝑇
) − 1] +

(𝑉−𝐼𝑅𝑠)

𝑅𝑠ℎ
      (1) 

In Eq. 1, Io1 and Io2 are the reverse-saturation currents; n1 and n2 are the ideality 

factors for the low and moderate voltages, and last term is the leakage current at very-

low voltages (3kT/q). The equivalent circuit of the “two-parallel diode model” can be 

represented in Fig. 3. 

 

Fig. 3. A representation of “two-parallel diode model” with different BH and Rs 

The value of n for MS and MIS type SBDs was calculated from the linear part of LnI vs V 

plot and it is a measure of conformity to TE theory and higher-values of n indicated 

that a deviation from the pure-TE theory (n≈1). The magnitude of n is dependent on the 

existence of interlayer at M/S interface, both its thickness (di) and permittivity ( i), 

depletion layer width (WD), and Nss expressed as follow: 

n(V)=(q/kT).dV/dLn(I)=1+di/ i( s/WD+qNss)     (2) 

On the other hand, the observed higher values of n especially at low or under room 

temperatures was attributed the barrier in-homogeneities, the image-force lowering 

effect, recombination-generation, tunneling through the barrier in the literature [3-

10]. When in the rectifier contact/diode area have many low-barriers or patches at around 

mean BH, many electrons which have low-energies can be easily passed through these 

patches and so leads to an increase in leakage current and n. The intercepts of ln(I)-V 

plot [Ln(I)=Ln(Io) + (q/nkT)V] is directly give the value of Ln(Io) and it  expressed as 

follow [8,9]: 

𝐼𝑜 = 𝐴𝐴∗𝑇2𝑒𝑥𝑝 (−
𝑞𝜙𝐵0

𝑘𝑇
)    (3a) 

Here, A is the diode area (=7.85×10-3 cm2), A* is the effective-Richardson constant (112 

A.cm-2K-2 for n-Si), and ΦB0 is the zero bias barrier height. After the obtained value of 

Io, the value of ΦB0 was calculated from Eq. 3(a) as following [8]: 
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The Io, n and Bo values were found as 2.58x10-9 A, 6,425, and 0.719 eV for Au/n-Si (MS) 

type SD. On the other hand, these values were found as 8.55x10-13 A, 2.668, and 0.977 eV 

(at low bias region: R1) and 1.71x10-9 A, 2.384, and 0.787 eV (at moderate bias region: 

R2) for Au/(ITO-PVP)/n-Si (MPS) type SD, respectively. The other more important factor 

is the rectifying rate (RR=IF/IR) which is a measure of quality/performance of the diode 

and it was found as 0.64x103 for MS and 0.76x104 for MPS type SD at  3V, respectively. 

These results are confirmed that the used (ITO-PVP) polymer interlayer can be enhanced 

the performance of MS due to the passivation effect of ITO incorporation in PVP lattices 

leads to a decrease in oxygen vacancies and low-density charge carriers which are 

supplied an increase in the BH. Similar results have been reported by various authors 

in last decade [19-22]. 

When the forward bias LnI-V plot has not a distinctive liner region or a narrow range, 

Norde and Cheung’s functions can be successfully used as second way to determine the main 

diode parameters such as n, B, and Rs at the enough higher forward bias voltage or the 

downward part of these plots [17,18]. According to Cheung and Cheung, the forward bias I-

V characteristics based on TE theory for SBDs with the Rs can be expressed as [18]: 

s

dV kT
=n +R I

d(lnI) q

 
 
 

  (4) 

B s* 2

kT I
H(I)=V-n ln =nΦ +R I

q AA T

   
   

  

 (5) 

 

Fig. 4. dV/d(ln I) vs I and H(I) vs I plots for the Au/n-Si (MS) type SBD. 
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Therefore, both the dV/dln(I)-I and H(I)-I plots for MS and MPS were drawn by using Eq. 

4 and 5, respectively.  As can be seen clearly in Fig. 4 and 5, these two plots have a 

straight line. Thus, the value of n and Rs were calculated from the intercept and slope 

of the dV/dln(I)-I plot by fitting Eq. 4 as 9,196 and 1.162 k for MS and 6.26 and 0.540 

k for MPS, respectively. After that both the value of B and Rs were also obtained from 

the intercept and slope of the H(I)-I plot by fitting Eq. 5 as 0.665 eV and 1.058 k for 

MS and 0.720 eV and 0.786 k , respectively. The discrepancies in BH and n obtained from 

the standard TE and Cheung’s functions are the result of voltage dependent of these two 

main diode parameters and used the calculation method. 

Fig. 5. dV/d(ln I) vs I and H(I) vs I plots 

for the Au/(ITO-PVP)/n-Si (MPS) type SBD. 

Table 1. The obtained experimental values of I0, n, Bo, Rs, and RR from the forward bias I-V 

characteristics for the Au/n-Si and Au/(ITO-PVP)/n-Si SBDs at room temperature. 
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3.2 Forward and Reverse Bias C-V and G/ -V Characteristics 

Fig. 6 shows the reverse and forward bias C-V and G/ -V characteristics of the Au/n-Si 

and Au/(ITO-PVP)/n-Si SBDs for 1 MHz at room temperature. It is clear that the C-V plot 

has inversion, depletion, and accumulation regime for two type SBD and a concave 

curvature at accumulation region was attributed to the existence of Rs, native (SiO2) 

and deposited (ITO-PVP) organic interlayer. On the other hand, the observed a narrow 

peak at depletion regime was attributed to the minority-carrier injection, Rs, and a 

special density distribution of Dit located between interlayer and semiconductor 

interface in the band gap of Si [19,23,24]. 

 

Fig. 6. The C-V plots for the Au/n-Si and Au/(ITO-PVP)/n-Si SBDs at 1 MHz. 
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The depletion layer capacitance of the MS and MIS/MPS type SBD at enough high frequency 

(≥ 1MHz) for reverse bias (VR) region or inversion regime is given as follow [8,9]. 

1/𝐶2 =
2(𝑉𝑜+𝑉𝑅)

𝜀𝑠𝜀𝑜𝑞𝐴2𝑁𝐷
                (6) 

Here; Vo, s, and ND are the intercept-voltage of the reverse bias C-2 vs V plot, 

permittivity of the semiconductor (=11.8x8.85x10-14F.cm-1 for Si), and doping donor 

concentration, respectively. Fig. 7 shows the reverse bias C-2 vs V plots for the Au/n-

Si and Au/(ITO-PVP)/n-Si SBDs at 1 MHz. As shown in Fig. 7, the C-2 vs V plots for two 

types SBDs have a straight line in the wide range of bias voltage. Thus, the value of 

ND was extracted from the slope of these plots for each SBD and then by using the obtained 

experimental values of ND (=2/(q s oA2.(dC-2/dV))), the value of EF was calculated by using 

following relation [8,9]: 

 

Fig. 7. The C-2-V plots for the Au/n-Si and Au/(ITO-PVP)/n-Si SBDs at 1 MHz. 
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In Eq. 7, Nc is the effective density of states in the conduction band (Ec) of Si 

(=2.8x1019 cm-3 Si), and T is temperature in K, respectively. The value of depletion layer 

width (WD) was also calculated by using the following relation [8]. 

Wd= (2 s oVD/qND)1/2    (8) 

In Eq.8, VD (Vo+kT/q) is the diffusion potential and so the value of B (C-V) was 

calculated MS and MPS type SBD by using following relation [9]: 

B(C-V) = (Vo+kT/q+EF)   (9) 
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The calculated values of Vo, ND, EF, WD and B(C-V) from the C-2-V plots for the Au/n-Si 

and Au/(ITO-PVP)/n-Si SBDs at 1 MHz were tabulated in Table 2. The observed discrepancy 

between BH obtained from the forward and reverse bias regime was attributed to the nature 

of measured method, voltage dependent of BH, and interfacial layer. 

Table 2. The calculated experimental values of Vo, ND, EF, WD, and B(C-V) for the Au/n-

Si and Au/(ITO-PVP)/n-Si SBDs at 1 MHz. 

 

As can be seen in Table 2, the value of BH obtained from the forward bias Ln(I) vs V 

plot and reverse bias C-2 vs V plot for the Au/(ITO-PVP)/n-Si SBD at 1 MHz is higher than 

the Au/n-Si SBD because of a high-dielectric thick interlayer and passivated effect of 

it. All experimental results obtained from the I-V and C-V characteristics are confirmed 

that the used (ITO-PVP) polymer interlayer can be enhanced the performance of MS type 

SBD rather than a conventional insulator layer. 

Conclusion 

In order to see whether or not the improve quality of MS type SBD, both the Au/n-Si and 

Au/(ITO-PVP)/n-Si SBDs were fabricated onto the same n-Si wafer in the same conditions 

except for the formation of polymer interlayer. For this aim, firstly the forward bias 

I-V and reverse bias C-V characteristics were performed in wide voltage range of  3V 

at room temperature for two types SBDs and also to see the discrepancies between 

calculated or measurement method. Firstly, the main electrical parameters of them such 

as n, B(I-V), and Rs were calculated from the forward bias I-V data by using both the 

standard TE theory and Cheung’s functions and compared each other. The observed 

discrepancies in n, BH, and Rs obtained from the standard TE and Cheung’s functions were 

attributed to the voltage dependent of these main electrical parameters, used the 

calculation or measured method. The value of RR for MPS was found as almost 12 times 

higher than MS type SBD. The other some main electrical parameters of these SBDs such 

as VD, ND, EF, WD, and B(C-V) were also calculated from the reverse bias C-2-V plots 

at 1 MHz and also compared each other. The value of BH obtained from the forward bias 

Ln(I) vs V and reverse bias C-2 vs V characteristics for the Au/(ITO-PVP)/n-Si SBD at 1 

MHz is higher than the Au/n-Si SBD because of a high-dielectric thick polymer interlayer, 

passivated effect of it, and nature of measured method. All of these experimental results 

was confirmed that the used (ITO-PVP) polymer interlayer can be improved the performance 

of the MS type SBD and hence it can be successfully used instead of conventional insulator 
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layer in respect of easy grown methods, low cost, low weight, low energy requirement, 

and flexibility when compared with conventional insulator interlayer. 
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