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The effects of gamma radiation on the current-voltage (I-V) characteristics of Au/Si3N4/n-Si (MIS) device were 

investigated, and the radiation effects discussed in detail. The MIS device was exposed to different irradiation 

doses, ranging from 0 to 100 kGy. The reverse and forward bias I-V curves showed a decrease in current with the 

increasing radiation dose. The values of ideality factor (n), barrier height (ΦB0) and the reverse saturation current 

(Io) for each irradiation dose were obtained from the forward bias I-V characteristics. The ideality factor and 

saturation current decreases, while the barrier height increases with increase in the radiation dose. Moreover, the 

value of series resistance (Rs) calculated from Cheung’s functions increases with increase in the radiation dose. 
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1. Introduction 
 

Semiconductor-based devices such as 

metal-semiconductor (MS), metal-insulator-

semiconductor (MIS) and metal-oxide-

semiconductor (MOS) play a decisive role in the 

semiconductor industry. The insulator layer so-

called oxide film such as SiO2, SnO2, TiO2 and Si3N4 

is an important part of the MIS and MOS devices. 

The insulator layer not only prevents the reaction and 

interdiffusion between metal and semiconductor, but 

also alleviates the electric field reduction issue of 

these devices. The reliability and performance of 

MIS and MOS devices depend mainly on the 

formation of insulator/oxide layer grown on the 

semiconductor, the density of interface states (Nss) 

and series resistance (Rs). Moreover, the electrical 

characteristics of these devices are strongly 

dependent on applied voltage, frequency, 

temperature and exposure to ionizing radiation [1-8]. 

Radiation is very important for the long-

term reliability of MIS and MOS device, and it can 

affect device performance and electrical 

characteristics. Radiation consists of high energy 

particles such as neutrons, protons and electrons, and 

energetic gamma-ray and x-ray photons. If the 

semiconductor device exposures to these radiations, 

electron-hole pairs can be created in the device [1,9-

12]. The electron-hole pairs are produced as the 

incident charged particle loses energy to electrons 

bound to the lattice. Although some of the radiation-

generated electron-hole pairs in the oxide recombine. 

Radiation-generated holes become trapped in the 

oxide for positive gate bias, and then they transport 

to the oxide/semiconductor interface. The radiation-

induced interface traps at the oxide-semiconductor 

interface are localized states with energy levels in 

semiconductor band-gap, and they lead to the 

formation of interface states. The interface states can 
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change the electrical characteristics of the irradiated 

device [1,13-15]. 

The purpose of this work is to investigate 

the effects of gamma radiation on the current-voltage 

(I-V) characteristics of the fabricated MIS device. 

The electrical parameters of the MIS device are 

extracted from the forward bias I-V measurements 

before and after gamma irradiation. 

 

2. Experimental detail 
 
             Au/Si3N4/n-Si (MIS) device was fabricated 

on phosphorus doped (n-type) single crystal Si 

substrate with a 2'' diameter, 300µm thickness, (100) 

orientation, and 0.5 Ω.cm resistivity. Before the 

fabrication process, the substrate was chemically 

cleaned using the conventional method and then 

chemically etched and finally quenched in deionized 

water. After cleaning and etching steps, the substrate 

was mounted on a stainless steel sputtering holder 

that was heated optically and loaded into a radio 

frequency magnetron sputtering system. The Si 

substrate was heated up to 400°C in 1×10-8 mbar high 

vacuum and sputter cleaned in pure argon ambient to 

ensure the removal of any residual organic 

substance. Then, the silicon nitride (Si3N4) film at a 

constant pressure of 3×10-3 mbar and a constant 

substrate temperature of 200°C was deposited on the 

substrate using high-purity (99.999%) silicon nitride 

target. 

 

The ohmic and rectifier contacts were formed using 

a thermal evaporation system. The ohmic back 

contacts were formed by the deposition of high-pure 

Au (99.999%) with a thickness of ∼2000 Å at 450°C, 

under 10-7 mbar vacuum and the sample was 

annealed at 400°C to achieve good ohmic contact 

behavior. After that, circular dot-shaped rectifier 

front contacts with 2 mm diameter and ∼2000 Å 

thickness were formed by the deposition of high-

purity Au onto Si3N4 thin film at 50°C. 

The MIS device was irradiated by using a 60Co 

gamma-ray source with dose rate of 0.69 kGy/h. The 

MIS device was exposed to various gamma 

irradiation doses (up to 100 kGy). Both the reverse 

and forward bias I-V measurements were performed 

before and after irradiation under dark condition at 

room temperature by the use of Keithley 2400 

source-meter. 

  

3. Results and discussion 
 
The experimental data is fitted by the conventional 

thermionic emission (TE) equation. From a fit of the 

linear region of the forward bias semilogarithmic 

current-voltage (I-V) curve (V>3kT/q), the values of 

the electrical parameters are determined [2,16]. The 

TE equation is given by the following equation: 
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where Io is the saturation current, n is the ideality 

factor, Rs is the series resistance including 

semiconductor bulk and contact resistance and IRs 

term is the voltage drop across the series resistance 

of device. Due to the existence of series resistance 

(Rs), a significant voltage drop occurs at large 

forward currents. In this case, the ln(I)-V curves 

deviate from a straight line at high forward bias 

voltage. The slope and intercept of the I-V curve 

provide ideality factor and saturation current 

respectively. Saturation current obtained from the 

straight line intercept of the ln(I) axis at V=0 is given 

by, 
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where A is the contact area, A* is the effective 

Richardson constant of 112 Acm-2K-2 for n-type Si 

[2] and ΦB0 is the zero-bias barrier height. ΦB0 is 

determined using Eq.(2). The ideality factor is a 

measure of the conformity of diode current to be pure 

TE. From the slope of ln(I) vs. V curve, the value of 

n is calculated using the relation: 
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Fig. 1 shows the semi-logarithmic current-voltage (I-

V) characteristics of the MIS device as a function of 

irradiation dose. As seen in Fig. 1(a), the semi-

logarithmic forward bias I-V characteristics in the 

applied bias voltage range of 0.07-0.4 V has a good 

linear behavior. In this linear range, the series 

resistance is not effective.  On the other hand, after 

at about 0.42 V, these curves are deviated from 

linearity especially because of the effect of series 

resistance and interface states [16-18]. Also, from 

Fig. 1(a), it is noted that the value of reverse and 

forward current decreases with the increasing 

radiation dose. The reason for this may be due to the 

decrease in the generation of carriers as a result of 

the radiation induced lattice defects and the increase 

value of series resistance with the increasing 

radiation dose.  
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Fig. 1. The semi-logarithmic I-V characteristics of 

Au/Si3N4/n-Si (MIS) device before and after 

irradiation. 

 

The electrical parameters obtained from forward bias 

I-V characteristics before and after irradiation are 

given in Table 1. As shown in Table 1, the value of 

the ideality factor decreases with the increasing 

irradiation dose, while the barrier height increases. 

The decrease in the n could be due to the reduction 

in carrier density in the depletion region of MIS 

device through the occurrence of traps and 

recombination centers associated with radiation 

damage [19,20]. The higher value of the n, compare 

to ideal value of 1, is attributed to the interface states, 

inhomogenities of barrier height, generation-

recombination currents and series resistance [1,2,21-

24].  

 

 
 

Fig. 2 shows a plot of the experimental ΦB0 versus n. 

As seen in Fig. 2, there is a linear relationship 

between the experimental effective barrier heights 

and ideality factors of the MIS device. This result can 

be explained by lateral inhomogeneities of the 

barrier heights [17,24-28]. The extrapolation of 

barrier height versus ideality factors to n=1 has given 

the value of 0.90 eV. 

 

 

 
 

 

Fig. 2. Linear variation of the experimental barrier 

heights versus ideality factors 

 

The parasitic resistances such as series resistance 

(Rs) and shunt resistance (Rsh) affect the current-

voltage characteristics. The resistance of the device 

can be expressed as, 
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The voltage dependent resistance profile of the MIS 

device was obtained from the I-V data using Eq. 4 

and is given in Fig. 1(b).  As seen in Fig. 1(b), at 

sufficiently high forward bias region (about 7V), the 

value of resistance corresponds to the Rs for the 

device. On the other hand, the value of resistance at 

negative bias region (about -7V) corresponds to the 

Rsh of the device. The values of Rs and Rsh in before 

irradiation and 100 kGy were found to be ~25 Ω and 

5 kΩ, and ~40 Ω and 42 kΩ, respectively. It was 

observed that the values of Rs and Rsh are increased 

with the increasing radiation dose. As a result, the 

ideal semiconductor devices require the lower Rs and 

higher Rsh [28-30]. 

 

 

 

Table 1. The electrical parameters obtained from forward bias I-V characteristics. 

Irrad. Dose 

(kGy) 

Io 

(A) 

n 

 

ΦB0 

(eV) 

Rs 

dV/d(lnI)) 

  (Ω) 

Rs  

(H(I)) 

   (Ω) 

Bef. Irrad. 

1 

2 

5 

10 

20 

50 

100 

8.01x10-5 

3.47x10-5 

2.02x10-5 

1.27x10-5 

9.12x10-6 

4.80x10-6 

1.77x10-6 

9.84x10-7 

3.31 

3.15 

3.03 

2.94 

2.87 

2.77 

2.62 

2.52 

0.57 

0.59 

0.61 

0.62 

0.63 

0.64 

0.67 

0.69 

26.77 

 27.35 

 27.51 

 29.09 

29.66 

29.90 

30.93 

36.55 

   25.79 

   28.35 

   29.32 

   31.28 

  32.40 

  33.49 

  45.65 

  51.72 
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Fig. 3. Plots of Ri versus V of the MIS device 

before and after irradiation dose. 

 

The forward bias lnI-V curve deviates from the 

linearity because of the effect of series resistance 

(Rs). The value of Rs was calculated using Cheung’s 

method [31]. Cheung’s functions are given by the 

following equations, 
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Eq. (5) and Eq. (6) give straight lines for monotonic 

regions of the forward bias I-V characteristics (Figs. 

3(a) and (b)). In Figs. 3(a) and (b), experimental 

dV/dln(I) vs. I and H(I) vs. I plots were presented in 

before and after gamma-ray irradiation, respectively. 

The values of Rs were obtained from the slope of the 

dV/dln(I) vs. I and H(I) vs. I plots. The calculated 

values of Rs are shown in Table 1. As shown in Table 

1, the values of Rs obtained from both dV/dln(I)-I 

and H(I)-I plots increase with the increasing 

irradiation dose. Such behavior of the Rs can be 

explained as being due to changes in the effective 

dopant density due to carrier removal by the defects 

produced [32-37]. As a result, the obtained Rs values 

using Cheung’s functions are in good agreement 

with each other. 

 

 
 

 
 

Fig. 4. (a) Experimental dV/dln(I) vs. I and (b) H(I) 

vs. I plots of the MIS device before and after 

irradiation dose.  

 

4. Conclusion 
 

The effects of gamma ray radiation on the current-

voltage (I-V) characteristics of Au/Si3N4/n-Si (MIS) 

device have been studied in this paper. The results 

demonstrate that the electrical parameters of the MIS 

device obtained from forward bias I-V 

characteristics are very sensitive to radiation. 

Experimental results show that while the value of 

reverse and forward current decreases with the 

increasing radiation dose, the value of Rs and Rsh 

increases. Furthermore, while the calculated value of 

n decreases, the ΦB0 increases with the increasing 

gamma irradiation dose. The decrease of the current 

and ideality factor may be due to creation of 

radiation-induced interfacial, lattice defects and 

series resistance. The experimental results indicate 
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that gamma-rays affect the electrical parameters of 

the MIS device. 
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