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We reported the ideality factor, barrier height, series resistance, and interface state density parameters  of the Ag/n-

InP/In Schottky diode from current–voltage (I–V) characteristics. We have presented three of many I-V 

measurements. The conventional thermionic emission (TE) theory is used to study the I-V characteristics. Every 

produced diode exhibited rectifying characteristics. As an illustration of the computed parameters, the values for 

ideality factor, barrier height, saturation current, and series resistance  are found to be 2.375, 0.486 eV, 1.95x10-4 

A, and 3.06 Ω, respectively. The values of interfacial state density were found to be approximately 1014 eV-1 cm-2. 

As an illustration, consider the energy range where the interfacial state density was 9.50x1014 eV-1 cm-2 in the 0.307-

𝐸𝑠𝑠 energy range and 3.77x1014 eV-1 cm-2 in the 0.458-𝐸𝑠𝑠 energy range. 
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1. Introduction 

 
Due to its radiation hardness, direct bandgap, and rapid 

electron mobility, indium phosphide (InP) is one of the most 

intriguing group III–V semiconductors and has drawn a lot 

of attention in the past 20 years [1,2]. In light of these 

electrical characteristics, InP ssemiconductor are especially 

well-suited for Schottky type devices, which find use in a 

wide range of technological fields, including solar cells, 

metal-semiconductor field-effect transistors, infrared 

detectors, and thermal imaging sensors [3-5]. The InP 

Schottky contact's low barrier height, which can result in 

large leakage currents, is a significant disadvantage [6-8]. 

 

Schottky barrier diodes (SBDs) have been the focus of much 

research lately due to their potential applications [9,10]. 

Metal/semiconductor (M/S) links in electrical circuits 

enable communication between semiconductor-based 

devices [11-14]. Many attempts have been made to use 

alternative metal contacts in InP metal semiconductor (MS) 

connections in order to alter the barrier height and  

 

accomplish its continuous control [15-17]. For example, 

Reddy [15] has investigated the interface properties and 

electrical measurements of Au/n-InP Schottky barrier diode 

(SBD) at room temperature and reported that the barrier 

height and ideality factor values change to be 0.59 eV and 

1.22. The electrical properties of the Au/n-InP Schottky 

diode were studied by Cimilli et al. [16]. They found that the 

ideality factor ranges from 1.002 to 1.087 and the barrier 

height varies from 0.557 to 0.615 eV. The effective barrier 

heights of the Cu/n-InP and Au/n-InP Schottky diodes are 

0.404 eV and 0.480 eV, respectively, as reported by Cetin 

and Ayyildiz [17]. 

 

To evaluate basic diode properties such as ideality factor and 

barrier height and compare with results of metal/n-InP 

Schottly diode contacts reported in the literature, we 

prepared the Ag/n-InP/In Schottky diodes. Based on three 

different measurement results, we discussed about the 

diode's current-voltage (I-V) properties. This work used the 

thermionic emission (TE) and Norde function to obtain the 

ideality factor (𝑛), barrier height (𝛷𝑏), saturation current 
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(𝐼0), series resistance (𝑅𝑠), and interface state density (𝑁𝑠𝑠) 

parameters of the Au/n-InP/In type Schottky diode. The 

objective is to provide reliable and accurate measurements 

and to compare the results for different ways. 

2. Experimental 

 

In this work, the n-InP wafer has Sn doped, fabrication of 

LEC method, 450 μm thickness, and (1 0 0) surface 

orientation, and purchased from a University Wafer 

company. First, the n-InP semiconductor crystal was 

cleaned chemically to produce the Ag/n-InP/In Schottky 

diode. Using an ultrasonic titration device, the 

semiconductor crystal was degreased by washing it in 

trichlorethylene, acetone, and methanol sequentially for five 

minutes. To get rid of undesirable contaminants and surface 

defects, the degreased crystal was shaken in an 

H2SO4:H2O2:H2O (5:1:1) solution for one minute. Indium 

(In) metal was evaporated and then annealed for three 

minutes at 300 oC in a N2 environment to create the ohmic 

contact on the back side. Schottky contacts were created on 

the front face of the crystal as points with a diameter of 

roughly 2 mm by evaporating silver (Ag) metal. Every 

evaporation step was completed at a pressure of roughly 

6x10-5 Torr in a vacuum coating equipment. Ag/n-InP/In 

Schottky diode was thus created (Figure 1). The produced 

diode's current and voltage were measured between -1 V 

and +1 V using a Keithley 2400 Sourcemeter,  

 

 
 

Figure 1: 3D view of Ag/n-InP/In Schottky barrier diode 

 

3. Results 

 

The experimental current-voltage (I–V) characteristics of 

the three Ag/n-InP/In Schottky barrier diodes are shown in 

Fig. 2. The three Ag/n-InP/In Schottky barrier diode's 

experimental semi-logarithmic current-voltage (I-V) 

characteristics are shown in Fig. 3. The produced diode 

exhibits rectification behavior, as seen in Figures 2 and 3, 

and its features can be studied more closely. 

 

Using the relationship between the applied bias voltage V 

and the current I for thermionic emission, one can determine 

the Schottky barrier height, ideality factor, and saturation 

current of the device [10,14, 18]: 

𝐼 = 𝐼0 [𝑒𝑥𝑝 (
𝑞(𝑉−𝐼𝑅𝑠)

𝑛𝑘𝑇
) − 1]                                        (1) 

 

where 𝐼0 is the saturation, resistance, 𝑘 is Boltzmann’s 

constant, q is the electron charge, T is the temperature in K, 

and 𝑅𝑠 is the series resistance.  

 

𝐼0 = 𝐴𝐴∗𝑇2𝑒𝑥𝑝 [
−𝑞𝛷𝑏

𝑘𝑇
]                                       (2) 

Where 𝐴∗ is Richardson constant for n-InP (9.4 Acm−2 K−2 

[19]) and 𝐴 is the area of diode. The ideality factor (𝑛) and 

barrier height (𝛷𝑏) values are calculated from the slope and 

intercept of the ln 𝐼-𝑉 graph. 𝑛 and 𝛷𝑏 are calculated using 

[10,14]: 

 

𝑛 =
𝑞

𝑘𝑇

𝑑𝑉

𝑑(𝑙𝑛𝐼)
                                                        (3) 

 

𝛷𝑏 =
𝑘𝑇

𝑞
𝑙𝑛 (

𝐴𝐴∗𝑇2

𝐼0
)                                                        (4) 

 

From Fig. 3, in both daylight and dark environments, it 

exhibits good rectifying behavior with soft reverse features. 

The series resistance effect causes the features to depart from 

linearity at increased bias. The determined 𝐼0,  𝛷𝑏 and 𝑛 

parameters are illustrated in Table 1. The rectification ratio 

(RR) for dark and daylight from Fig. 2 is calculated as 1098 

and 1652, respectively. The fact that Table 1's n is more than 

1 indicates that the manufactured diode is of non-ideal. 

Among the possible causes of this are interfacial states, 

leakage current, and series resistance [14]. 

 

 
Figure 2:  𝐼– 𝑉 plots of the three Ag/n-InP/In Schottky 

barrier diodes at room temperature. 
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Figure 3: 𝑙𝑛𝐼– 𝑉 plots of the three Ag/n-InP/In Schottky 

barrier diodes at room temperature. 

 

Table 1. The 𝐼0, 𝛷𝑏and 𝑛 values calculated from 𝑙𝑛𝐼– 𝑉 

graphs of Ag/n-InP/In Schottky barrier diode at room 

temperature. 

Sample 𝑛 𝛷𝑏 (eV) I0 (A) 

1 2.375 0.486 1.35x10-4 

2 2.373 0.477 2.77x10-4 

3 2.390 0.478 2.61x10-4 

 

The ideality factor values range from 2.373 to 2.390, while 

the obstacle height values computed in the dark at room 

temperature vary from 0.477 eV to 0.486 eV, as shown in 

Table 1. 

 

The method employed in this study to compute diode 

attributes is the Norde method [20]. The following formulas 

can be used to compute barrier height and series resistance 

values using this method [20]: 

 

𝐹(𝑉) =
𝑉

𝛾
−

𝑘𝑇

𝑞
𝑙𝑛(

𝐼(𝑉)

𝐴𝐴∗𝑇2)                                        (5)                                                                     

𝛷𝑏 = 𝐹(𝑉𝑚𝑖𝑛) +
𝑉𝑚𝑖𝑛

𝛾
−

𝑘𝑇

𝑞
                                (6)                                                          

𝑅𝑠  =
𝑘𝑇(𝛾−𝑛)

𝑞𝐼𝑚𝑖𝑛
                                                           (7) 

where 𝑉𝑚𝑖𝑛 and 𝐼𝑚𝑖𝑛  are the lowest voltage and current, 

respectively, and 𝐹(𝑉𝑚𝑖𝑛) represents the equivalent smallest 

value of 𝐹(𝑉). The Ag/n-InP/In Schottky barrier diode's 

first integer number larger than 𝑛 is denoted by 𝛾. Figure 4 

shows the 𝐹(𝑉) − 𝑉 graphs of the three Ag/n-InP/In 

Schottky barrier diodes. Table 3 shows the diode parameters 

derived from these graphs. 

 

 

 

 

   Table 3. 𝛷𝑏 and 𝑅𝑠 values determined from Norde graphs 

of Ag/n-InP/In Schottky barrier diodes.                                                                                                  

       

Sample 

𝐹(𝑉min) 

(V) 

Φ𝑏  

(eV) 

𝑅𝑠  

(Ω) 

1 0.485 0.487 3.06 

2 0.475 0.475 2.16 

3 0.476 0.477 2.35 

 

 
Figure 4: 𝐹(𝑉)– 𝑉 graphs of the three Ag/n-InP/In Schottky 

barrier diodes. 

 

The interface state density (𝑁𝑠𝑠) at the metal/semiconductor 

(M/S) interface is frequently caused by semiconductor 

surface defects such as doping bonds, oxygen vacancies, and 

structural rearrangements that are maintained by 

metallization, doping concentration atoms, and native or 

deposited interfacial layer. 𝐸𝑐 − 𝐸𝑠𝑠 = 𝑞(𝛷𝑏 − 𝑉) can be 

used to compute the difference between the energy of the 

interface state density and the bottom boundary of the 

conduction band for an n-InP semiconductor (𝐸𝑠𝑠). 

 

Figure 5 shows the energy dispersion of 𝑁𝑠𝑠, derived from 

forward bias I-V measurements, as a function of 𝐸𝑐 − 𝐸𝑠𝑠. 

Also, Figure 5 and Table 4 show that the interface states 

density increases exponentially from the mid-gap to the 

conduction band's  bottom. For example, for Sample 1, the 

density distribution of interface states for the Ag/n-InP/In 

Schottky diode changes from 9.50x1014 eV-1 cm-2 for 

(0.307 − 𝐸𝑠𝑠) to 3.77x1014 eV-1 cm-2 for (0.458 − 𝐸𝑠𝑠). The 

electrical properties of the Al/n-InP Schottky diode were 

studied by Güllü et al. [21]. They found that the density 

distribution of the interface states for the Al/n-InP Schottky 

diode changes from 3.67x1012 to 1.11x1012 eV-1 cm-2. 
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Figure 5: 𝑁𝑠𝑠– (𝐸𝑐 − 𝐸𝑠𝑠) graphs of the three Ag/n-InP/In 

Schottky barrier diodes. 

 

Table 4. 𝑁𝑠𝑠– (𝐸𝑐 − 𝐸𝑠𝑠) values of Ag/n-InP/In Schottky 

barrier diodes.   
 

Sample 𝐸𝑐 − 𝐸𝑠𝑠 
(eV) 

𝑁𝑠𝑠 
(eV-1cm-2) 

x1014 

1 
 

0.307 - 𝐸𝑠𝑠 9.50  

0.458 - 𝐸𝑠𝑠 3.77 

2 0.306 - 𝐸𝑠𝑠 9.73 

0.458 - 𝐸𝑠𝑠 4.15 

3 0.306 - 𝐸𝑠𝑠 9.84 

0.462 - 𝐸𝑠𝑠 4.20 
 

 

4.        Conclusion 

 

In summary, room temperature I–V measurements have 

been used to examine the electrical characteristics of the 

Ag/n-InP/In Schottky diode. Some of the basic diode 

characteristics of the sample, including 𝑛, 𝛷𝑏, and 𝑅𝑠, were 

independently determined using thermionic emission (TE) 

and the Norde function. Three Ag/n-InP/In Schottky 

contacts have been calculated Schottky barrier height and 

ideality factor values in the range of 0.477-0.486 eV and 

2.373-2.390, respectively. The impact of series resistance 

was determined to be negligible. A calculation of the 

interface state density (𝑁𝑠𝑠) for the Ag/n-InP/In Schottky 

diode was made and the interface states were obtained as 

1014 eV-1 cm-2.  
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