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Keywords Abstract

M/S Structures To enable comparison with the literature, this study seeks to assess the temperature susceptibility of
serial resistance (Rs) features of the Au/n-GaAs type M/S structure, which is acceptable the benchmark
sample. The serial resistance features of the sample were computed separately withal principal of Ohm,

Serial Resistance

Oohm's Law Norde, and Cheungs' functions. The current-voltage (I-V) data used in order to compute were evaluated

at the voltage values between +2V and -2 V and temperature values between 120K and 360K in 60K
Cheung-Cheung steps. Each computation method was also compared one another other. As a result, the fact that the Rs
Functions values computed using principal of Ohm, Norde functions and Cheungs' functions tended to reduce with

rising temperature, as anticipated by the literature results. In addition, it was determined that, with only
tiny variations, the temperature susceptibility of Rs is consistent across all computation methods. In
addition, as a result of the comparison with the literature, it was concluded serial resistance is less of an
issue when a polymer interfacial layer is present at the metal-semiconductor contact region. The Rs
parameter of the M/S structure is, in essence, a sensitive function of temperature and input voltage.
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1. INTRODUCTION

Metal/semiconductor (M/S) structures are extensive on the developing the microelectronics industry (Ozdemir
etal., 2021). Previously, silicon was widely used as a semiconductor in M/S structures, obtained by tight metal
contact with a semiconductor. After that, GaAs became competitive with silicon due to its high electron
mobility and increasing demand for devices operating at microwave frequency (Novoselov et al., 2004; Sadao,
2005). Its wide band gap of 1.42 eV makes GaAs a more resistant material against radiation. These features
make it suitable for communication, aviation and space systems. In addition, GaAs, a direct band gap
semiconductor, is ideal for optoelectronic devices (Cigek et al., 2016). Au/n-GaAs is a fundamental and well-
known type of M/S structures (Helal et al., 2020). Then, since the junction region properties of M/S structures
significantly affect the contact performance, an interface layer has started to be placed between the M/S to
control the charge transitions, prevent diffusion and leakage currents, and passivate the interface states (Sato
and Yasumura, 1985; Altindal Yerigkin, 2019). In this study, the Au/n-GaAs type sample was accepted as a
reference sample to compare the serial resistance properties of the M/S structures with an interfacial layer such
as MIS and MPS types structures.

In M/S structures, the image-force, the tunneling, the edge, and the serial resistance effects are the factors that
cause deviation from the ideal condition (Evcin Baydilli et al., 2020). The serial resistance (Rs) effect, among
the most crucial of them, is the semiconductor's neutral region’s resistance to the flow of current across the
M/S contact, which is located outside the deplation region. (Deniz et al., 2022). As the positive voltage values
increase, the R; effect starts effective and the contact current declines as a result. (Ashajyothi & Reddy, 2021).
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The cause of this reduction in current is that when the voltage applied to the contact increases, the saturation
effect occurs with the serial resistance effect and reduces the contact current (Rhoderick, 1978). So, this causes
serious computation errors originating from R (Evcin Baydilli et al., 2020). Features such as conductor wire
taken from MY/S structures for measurements, the affinity of ohmic contact with semiconductor crystal, a dirty
film layer formed on the interface, the semiconductor in the M/S structures has a disordered contribution
distribution, the resistance of the M/S contact's depletion region on the semiconductor side, and the ochmic
contact resistance causes a serial resistance effect (Sevgili et al., 2022).

This study focuses on the serial resistance effect of the Au/n-GaAs sample depending on temperature and
voltage using principal of Ohm, Norde, and Cheungs' functions. Additionally, the outcomes of every method
were contrasted with one another. The first method is principle of Ohm, the most well-known resistance
computation method. The Norde method, developed by Norde, allows the calculation of Rs and potential barrier
height (®s,) Vvalues using the F(V) function defined by a single 1-V curve in which the temperature does not
change when n=1 in its initial state (Norde, 1979). The Norde function was developed by Bohlin and allowed
the computation of the Rs and ®g, parameters of M/S structures if there is n>>1 (Bohlin, 1986). Another
function that enables the analysis of Rs and other parameters (such as n, ®g,) is the Cheungs' function. Cheungs'
first function calculates the ideality factor (n) and Rs, and the second function, again, Rs and barrier height ®g,
were calculated. This method is considered a more straightforward method derived from I-V datas. In this
approach, when the forward bias I-V curve precisely turns, Rs becomes active. (Cheung & Cheung, 1986).

In this research, the Au/n-GaAs type M/S structure's I-V data were evaluated at the voltage values between
+2V and -2 V and temperature values between 120K and 360K in 60K steps. Because temperature is one of
the most critical factors affecting the M/S structures parameters (Caldiran, 2020), it is necessary to analyze the
temperature susceptibility. Moreover, the n, Rs, and ®g, parameters were also computed one by one by
principal of Ohm, Norde, and Cheungs'functions. Computing these parameters with different methods will
allow us to obtain valid and reliable results for the sample, making it possible to compare the results with the
literature.

2. MATERIALS AND METHODS/EXPERIMENTAL METHODS

The n-GaAs semiconductor in the Au/n-GaAs type M/S structure was acquired by the Molecular Beam Epitaxy
(MBE) method. The thickness of the n-GaAs semiconductor substrate is about 1 pm, its radius is 3", and it has
[1 0 O] surface orientation. First, chemical cleaning of n-GaAs was performed to clean the substrate's impurity.
Therefore, the substrate was ultrasonically washed with acetone ((CH3COHs) and isopropyl alcohol (C3HsO),
respectively. After the substrate was ultrasonically washed with 18 MQ-cm de-ionized water, it was dried with
nitrogen (N2) gas for 3 minutes. After the chemical cleaning process, ohmic contacts were prepared using
99.999% pure gold (Au) metal on the matte face of the n-GaAs wafer utilizing the thermal evaporation system.
The constructed ohmic contact measures around 150 nm thick. For the ohmic contact to have low resistance,
the annealing process was executed in the nitrogen medium at 500 °C for 3 minutes. Then, Au rectifying
contacts were prepared on the substrate's bright (front) surface withal the thermal evaporation method, by
utilizing a mask that have Imm diameter holes. The obtained rectifier contacts are approximately 150 nm thick
and 1 mm in diameter. The prepared Au/n-GaAs type M/S structure is shown in Figure 1. Current-voltage (I-
V) data of the sample were perused between 120K and 360K temperature values in 60K steps by Kheitley
2400 current voltage source and the measurements was performed in the vpf-475 cryostat. Temperature
monitoring was done with the temperature control device, Lake Shore model 321. Figure 2 presents the
measurement system.

3. RESULTS AND DISCUSSION

The Au/n-GaAs type M/S structure's -V datas outcomes are displayed in Figure 3 for a temperature range of
120K to 360K with 60K steps. Around 1V, the I-V curves' linearity starts to degrade, at which point the Rs
effect can be seen for each temperature setting. The inset graph shows the linear region between 0.6 V and
0.95 V in the current-voltage curve. By the extrapolating of the area where the I-V graph is linear, it is passed
from experimental to theoretical calculation. Using the results of these calculations and the equations given
below, the results in Table 1 were obtained (Rhoderick, 1978);
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Figure 1. The schematic presentation of the Au/n-GaAs type MS structure
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Figure 2. The schematic presentation of the system for measuring.
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Figure 3. The semilogarithmic I-V graph of Au/n-GaAs type M/S structure for each temperature value.

Table 1. n, ®go, and Rs parameters of Au/n-GaAs type M/S structure for each temperature value.

T (K) n D5, (V) o (A)
120 2.25 0.398 8.13E-20
180 2.11 0.549 9.13E-15
240 1.44 0.582 5.95E-13
300 1.26 0.609 3.1E-10
360 1.04 0.622 6.94E-08

These findings suggest that the literature's description of barrier inhomogeneity as the cause of the decrease in
n values and rise in ®g, values with rising temperature (Werner & Giittler, 1991; Baydilli et al., 2020).

For each temperature setting, the graph of V vs. Rs is shown in Figure 4. Principle of Ohm was used to derive
Rs values from forward bias values (Eq. 4) (Evcin Baydilli et al., 2020). As can be observed, temperature and
applied voltage have a significant impact on the Rs values. Additionally, as Table 2's Rs values demonstrate,
they drop as temperature rises. Because with increasing temperature, the carriers have more energy to
overcome the barrier and higher voltage levels cause the I-V curve to bend, which indicates an increase in
charge carrier density. (Tasyitirek et al., 2022). So, the effect of Rs decreases. In the inset graph, it is seen that
when the applied voltage increases, the values of Rs decrease. Recombination/generation CTMs (current-
conduction mechanisms) can explain this phenomenon. (Werner and Giittler, 1991). In addition, after the
temperature rises above room temperature, it is seen that the voltage-dependent Rs values converge as the
temperature increases. This behavior can be explained by the Thermionic Emission theory becoming more

effective after room temperature.

v,
Rs = d_l (4)
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Figure 4. Ry vs Vi and Rs vs T graph of Au/n-GaAs type M/S structure for each temperature value.

Table 2. Rs parameters of Au/n-GaAs type M/S structure for each temperature value.

T(K) R ()
120 25.73
180 22.08
240 21.76
300 20.42
360 19.99

It has been stated that temperature and voltage have a considerable impact on the effect of Rs. The forward
bias linear area changes as a result of this variability. That’s why, it is helpful to refer to the Norde and Cheungs'
functions to define the linear area of the positive voltage region. The graph of V vs. F(V), the outcome of the
Norde function for each temperature value, is shown in Figure 5. The 1-V features were utilized to derive the
values of the ideality factors and current that are used in the F(V) function. The gamma (y) value is a unitless
integer created by adding to the n values by 2 (y=n+2). ®g, and Rs parameters were obtained by substituting
Vmin @nd Imin Values to Eq. 5 and 6 (Uslu et al., 2010). The mentioned parameters and calculation results are
shown in Table 3. It is seen that by increasing temperature values, Rs values decrease while ®g, values increase.

_V kT (V)
Fv) -2 X |n(AA*T2j ©)
R = =Mk )

qlmin
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Figure 5. F(V)-V graph of Au/n-GaAs type M/S structure for all temperatures.

Table 3. Some parameters obtained from the Norde function of Au/n-GaAs type M/S structure for each
temperature value.

TK)  Vain (V) FVmin(V)  Inin (A)  ®so(V) R () n y
120 0.98 0.306 0.0020 0.488 10.58 2.25 4.25
180 0.98 0.406 0.0036 0.622 8.54 2.11 4.11
240 0.94 0.488 0.0043 0.715 7.88 1.44 3.44
300 0.86 0.564 0.0050 0.794 6.36 1.26 3.26
360 0.72 0.621 0.0047 0.827 472 1.04 3.04

The graph in Figure 6a displays the linear results from Cheungs' first function, which are depicted in Eq.7
(Uslu et al., 2010). The n values were derived from the ordinate intersection point and the R values from the
slope by fitting this linear region. Figure 6b shows the linear regions obtained from Cheung's second function,
which is given in Eq. 8 (Uslu et al., 2010). The n value used in Cheung's second function is obtained from
Cheungs' first function. From these linear regions' slopes, Rs values were computed, and from the ordinate
intercept points, ®g, values were computed. Table 4 shows the obtained results. The n values drop as the
temperature values rise, while the ®g, values rise. It is seen that the Rs values derived from the first and second
Cheungs' functions are consistent with one another and reduce as the temperature value rises.
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Figure 6. The graph of a) Cheungs' first function b) Cheung's second function for Au/n-GaAs type M/S
structure for each temperature value
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Table 4. n, Rs, and ®s, values obtained from Cheungs' functions of Au/n-GaAs type M/S structure for each
temperature value

1%t Function of Cheungs' 2" Function of Cheungs'
T (K) n Rs (€2) Rs (€2) Dz, (eV)
120 8.45 12.932 10.428 0.239
180 5.79 11.581 9.342 0.360
240 4.97 11.213 8.714 0.456
300 3.98 9.801 7.838 0.558
360 4.03 8.321 6.809 0.607

Figure 7 shows temperature-dependent serial resistance computed by the principle of Ohm, Norde and
Cheungs' first and second functions. With a few small variations brought on by the various |-V regions that
each method considers, it can be argued that the behavior of the results acquired with each method are
consistent with one another (Evcin Baydilli et al., 2020; Pehlivanoglu, 2021). The interface carriers are trapped,
the concentration of free carriers diminishes, and the serial resistance effect grows as the n values rise with
decreasing temperature (Evcin Baydilli et al., 2020).

7 .
2 ~ ~ Ohm's Law
- _*‘ _
20 | Tk - -k
m Cheun? 2"d F“"Ction
| e u
"’ o - = *2‘"91"%%"0’ £
o = e ag o8
-~ \* . s ~*
5 Nordepu":r - *
ion
1 : | L | L 1 " |
120K 180K 240K 300K 360K
T (K)

Figure 7. Temperature-dependent Rs values of Au/n-GaAs type M/S structure according to Ohm's Law,
Norde and Cheungs' Functions.

Figure 8 belongs to our previous study (Evcin Baydilli et al., 2020). Unlike in Au/n-GaAs type M/S structure,
there is a 7% Gr doped-PV A interfacial layer. In Figure 8, partial leaps are seen. This behavior can be explained
by the fact that the different current-conduction mechanisms are active together or alone (Evcin Baydilli et al.,
2020). On the other hand, it can be said that the effect of Rs decreases with increasing temperature for all
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methods. In addition, it is seen that the serial resistance values of Au/(%7 Gr-doped)PVA/n-GaAs type M/P/S
structure are lower than the serial resistance values of Au/n-GaAs type M/S structure. It could be asserted that
the reason for these differences seen in Figure 7 and Figure 8 is the existence of the %7 Gr doped-PVA
interfacial coating.
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Figure 8. Temperature-dependent Rs values of Au/(%7 Gr-doped)PVA/n-GaAs type M/P/S structure
according to Principle of Ohm, Norde and Cheungs' Functions (Evcin Baydilli et al., 2020).

Table 5 shows the comparison of the temperature-dependent changes of the n, Rs and ®g, values obtained by
principle of Ohm, Norde and Cheungs’ functions of Au/n-GaAs type M/S and Au/(7% Gr-doped)PVA/n-GaAs
type M/P/S structures. By the increase in temperature, the ideality factors of both structures decreased. When
we compare the ideality factor values of the two structures, it is seen that the n values of the M/S structure are
lower than those of the M/P/S structure. When the ®g, values are examined, it is seen that the ®g, values of
both structures decrease with the increase in temperature. When the ®g, values of the two structures are
compared, it is seen that the ®g, values of the M/P/S structure are lower than the ®g, values of the M/S
structure. It can be said that this difference between the two structures is due to the polymer interfacial layer.
In addition, the temperature-dependent behavior of n and ®g, values of both structures is explained by barrier
inhomogeneity in the literature (Evcin Baydilli et al., 2020).

4. CONCLUSION

In this study, serial resistance properties of Au/n-GaAs type M/S structure depending on temperature and
voltage, were investigated by three diverse methods: principle of Ohm, Norde, and Cheungs' functions. 1-V
measurements taken at +2 V voltage and 120K-360K temperature range were used for computation process.
The findings indicate that the Rs values, which are calculated by three methods, decreased with the increase
in temperature. Additionally, with a few minor exceptions, the Rs values are likewise compatible with one
another. That explains these slight variations caused by the various I-V regions that are considered by all
methods. It has been found that the existence of the interface coating in M/S structures lessens the impact of
serial resistance as compared to the literature. It is therefore determined that the serial resistance characteristics
of Au/n-GaAs type M/S type structures are a decisive function of temperature and applied voltage.
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Table 5. Comparative representation of n, Rs, and ®s, values obtained by Principle of Ohm, Norde and
Chungs’ functions of Au/n-GaAs type M/S and Au/(%7 Gr-doped)PVA/n-GaAs type MPS structures (Evcin
Baydilli et al., 2020)

Methode/Temperature 120K 180 K 240 K 300K 360 K
Ohm's Law
(for Au/n-GaAs)
Rs (£2) 25.73 22.08 21.76 20.42 19.99
Dp, (eV) 0.398 0.549 0.582 0.609 0.622
n 2.25 2.11 1.44 1.26 1.04
Ohm's Law
(for Au/(%7 Gr-doped)PVA/N-GaAs)
Rs (22) 2.71 2.59 2.58 2.51 2.5
Dp, (eV) 0.19 0.3 0.43 0.55 0.64
n 12.44 7.79 5.18 3.83 3.21

Norde Function
(for Au/n-GaAs)
Rs (2) 10.58 8.54 7.88 6.36 4,72

D5, (eV) 0.488 0.622 0.715 0.794 0.827

Norde Function
(for Au/(%7 Gr-doped)PVA/n-GaAs)
Rs (22) 0.19 0.29 0.32 0.47 0.5

Ds, (eV) 0.23 0.34 0.45 0.55 0.67

Cheung's 1st Function
(for Au/n-GaAs)
Rs (2) 12.932 11.581 11.213 9.801 8.321

n 8.45 5.79 4.97 3.98 4.03

Cheung's 1st Function
(for Au/(%7 Gr-doped)PVA/N-GaAs)
Rs (2) 1.48 1.47 1.49 1.38 1.42

n 10.68 6.84 5.29 4.65 3.19

Cheung's 2nd Function
(for Au/n-GaAs)
Rs (W) 10.428 9.342 8.714 7.838 6.809

D5, (eV) 0.239 0.36 0.456 0.558 0.607

Cheung's 2nd Function
(for Au/(%7 Gr-doped)PVA/n-GaAs)
Rs (W) 1.27 1.31 1.3 1.22 1.26

D5, (eV) 0.19 0.28 0.39 0.46 0.65
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