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Abstract 

The current-voltage characteristics of Pt/PEDOT:PSS/n-Ge have been 

investigated in the temperature range of 200 K to 400 K. The Schottky barrier 

parameters such as zero-bias barrier height (Φbo), ideality factor (n) and series 

resistance (Rs) were found to be strongly temperature dependent. It is 

evidenced that the Schottky barrier parameter such as barrier height increases 

from 0.40 eV to 0.68 eV and the ideality factor decreases from 2.67 to 1.50 

with increasing in temperature from 200 K to 400 K. The values of series 

resistance obtained from Cheung׳s method are also found to be decreased with 

increasing temperature. The non-linearity has been observed in the Richardson 

plot due to temperature dependence of the zero-bias BH. The Richardson 

constant (A*) extracted from the plot is found to be very low value. The lateral 

inhomogeneity of the Schottky barrier and potential fluctuations at the 

interface between PEDOT: PSS and n-Ge  and metal and PEDOT:PSS could 
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be a main cause of the difference between the calculated and theoretical values 

of the Richardson constant. An abnormal increase in the experimental barrier 

height and decrease in the ideality factor with increase in temperature can be 

attributed to the barrier inhomogeneity by assuming Gaussian distribution of 

nanometer-sized patches with low BH at the metal-semiconductor interface.  

 

1. INTRODUCTION 

The germanium based metal-oxide-semiconductor field-effect transistors (MOSFETs) 

with high-k gate dielectrics which was demonstrated recently shows increased interest 

by many of the researchers. Ge has gained significant attention as an alternative 

channel material for high-speed complementary metal-oxide-semiconductor (CMOS) 

devices due to its higher electron and hole mobilities compared to Si. Silicon-based 

devices are approaching their technological and physical limits due to its aggressive 

scaling and efficiency of the devices is restricted by low mobility of charge carriers in 

Si. Germanium gives the unique advantage of electron mobility four times higher than 

Si, hole mobility five times higher than Si. Metal/Ge contacts offer the potential to 

study fundamental properties of interfaces, and metal source/drain (S/D) is considered 

as a good approach to dopant activation in n-Ge [1, 2].  

The current–voltage (I –V) characteristics of Schottky diodes measured at room 

temperature does not give detailed information about the charge transport process and 

the nature of the barrier formed at the metal–semiconductor interface. The 

temperature dependent electrical characteristics allow us to understand the charge 

transport process through metal–semiconductor contacts and therefore give a better 

picture of the conduction mechanisms and evaluate the validity of the thermionic 

emission theory. In this work, we investigated the temperature-dependent forward 

bias electrical properties of Pt/PEDOT:PSS/n-Ge Schottky contacts in the temperature 

range of 200-400 K and an analysis was performed to extract information about the 

current transport mechanism. 

 

2. EXPERIMENTAL DETAILS 

n-type Ge (100) (Sb-doped) wafers with a doping concentration of 2×1018 cm3 were 

used as a starting material. After removing native oxide using a diluted HF solution, 

the PEDOT:PSS films were spin-coated at 2000 rpm for 60 s, followed by baking at 

150 oC for 30 min. From scanning electron microscopy (SEM) examination (not 

shown here), the thickness of PDEOT:PSS was measured to be 66 nm. Finally, 30-

nm-thick Pt electrodes were formed on the top of the PEDOT:PSS thin films by 

means of Pt sputtering through a metal mask with diameter of 500 µm. For 

comparison, a Pt Schottky contact without a PEDOT:PSS interlayer was fabricated on 
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an n-type Ge wafer using the same process conditions. The I–V characteristics of the 

Pt/PEDOT:PSS/n-type Ge Schottky contacts were measured in a wide temperature 

range (200-400 K) using a precision semiconductor parameter analyzer (Agilent 

4155C). 

 

3. RESULTS AND DISCUSSION 

The temperature dependent I-V characteristics of Pt/PEDOT:PSS/n-Ge  Schottky 

diodes in the temperature range of 200-400 K are shown in Figure 1. Schottky barrier 

parameters such as barrier height, ideality factor and series resistance were evaluated 

based on thermionic emission mechanism for the voltages V>>3kT/q on elevated 

temperatures. [3] 

 

Figure 1.  I-V-T characteristics of n-Ge Schottky contacts 

 

Usually, the forward bias I–V characteristics are linear in the semi-logarithmic scale 

at low voltages.  Considerable deviation from the linearity at higher voltages may be 

due to the effects of parameters such as the series resistance Rs, the interfacial layer 

and interface states.  The parameter Rs is only effective in the downward-curvature 

region (non-linear region) of the forward I–V characteristics at sufficiently high 

applied voltage. At high currents, there is always a deviation of the ideality factor that 

has been clearly shown which depend on the interface state density and bulk series 

resistance, as one would expect. The lower the interface state density and the series 

resistance, the greater is the range over which ln I(V) does in fact yield a straight line. 

Furthermore, ideality factor (n) and the series resistance (Rs) were evaluated using a 

method developed by Cheung and Cheung [4]. The variation of series resistance with 

temperature is shown in Figure 2. 
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When the temperature increases, more and more electrons have sufficient energy to 

surmount the higher barrier. Since current transport across the metal– semiconductor 

interface is a temperature activated process, electrons at low temperatures are able to 

surmount the lower barriers and therefore current transport will be dominated by 

current flowing through the patches of lower barrier height. As a result, the dominant 

barrier height will increase with the temperature and bias voltage. Therefore, the 

current flow through the lower barrier height and a larger ideality factor will dominate 

current transport. Figure 3 shows the temperature dependence of barrier height and 

ideality factor of Pt/PEDOT/n-Ge Schottky contacts. It is observed that a linear 

relationship exists between the barrier height and n only for higher ideality factor 

which can be attributed to the lateral inhomogeneities of the barrier heights in the 

Schottky diode. Tung et al. [5-6] have reported the existence of inhomogeneity at 

barrier interface by considering the variation barrier height with ideality factor. Thus, 

it can be evidenced that the increase of the ideality factor and decrease of the barrier 

height especially at low temperature are probably caused by the barrier height 

inhomogeneities. 

 

 

Figure 2. Temperature dependence of series resistance 
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Figure 3. Variation of barrier height and ideality factor of Schottky contacts with 

temperature 

 

Figure 4 shows the experimental barrier heights versus the ideality factors of the 

Pt/PEDOt/n-Ge Schottky structure in the temperature range from 200K-400K. It is 

evident from the graph that a linear correlation between the experimental zero-bias 

barrier heights (Φbo) and the ideality factors (n) which can be explained by lateral 

inhomogeneities of the barrier heights in the SBDs. The extrapolation of the 

experimental BHs versus ideality factors plot gives homogeneous BH of 

approximately 0.77 eV. 

The thermionic emission (TE) theory is normally used to extract the Schottky diode 

parameters. However, there have been reports about a deviation from this classical TE 

theory especially at low temperature. The ideality factor was found to increase, while 

the barrier height decreases with decreasing temperature and this behavior leads to 

non-linearity in the activation energy plot in the whole temperature range. Figure 5 

shows a conventional activation energy ln (Io/T
2) versus103/T plot (Richardson plot) 

of Pt/PEDOt/n-Ge Schottky contacts. The plot of ln (Io/T
2) versus103/T is non-linear 

in the temperature range 200–400 K with a slope giving activation energy of 0.24eV. 
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Figure 4. Variation of barrier height with ideality factor 

 

 

Figure 5. Richardson’s plot of ln(Io/T
2) vs 1000/T 
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4. CONCLUSION 

The present work focus on fabrication and electrical properties of Pt/PEDOT:PSS/n-

Ge Schottky contacts at an elevated temperatures from 200K-400K. The Schottky 

barrier parameters such as barrier height, ideality factor and series resistance was 

evaluated from the forward I-V characteristics which is found to be dependent on 

temperature. Furthermore, the results are fitted to a model of a Gaussian distribution 

of the barrier heights to explain the fluctuations of the characteristic parameters, 

suggesting that the contacts are not spatially uniform. The laterally homogeneous 

SBH value of approximately 0.77eV for the Pt/PEDOT/n-Ge Schottky structure has 

been deduced from the linear relationship between the experimental BHs and ideality 

factors. It was shown that the I–V characteristics of the Schottky structures can be 

interpreted on the basis of TE mechanism with Gaussian distribution of the barrier 

heights. 
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