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In this study, reverse bias current conductance mechanisms of (AuZn)/TiO2/p-GaAs metal-insulator-semiconductor 

(MIS) structures were investigated in the temperature range of 80-290 K. In this temperature range, the leakage 

current was dominated by Schottky emission and Fowler-Nordheim tunneling in the low and moderate field region, 

respectively. The analysis of the reverse current-voltage characteristics underlines that the main process in leakage 

current flow is the carrier injection through a barrier at the material electrode interface. 
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1. Introduction 

Gallium arsenide (GaAs) is one of the most popular 

semiconductors for high-speed and low-power 

applications because of having a direct energy band 

gap, high electron mobility, high breakdown voltage, 

mechanical stability and lower power dissipation [1-

4]. Therefore, GaAs-based structures are widely 

used as an essential part of the high speed 

microelectronics and optoelectronic applications in 

different fields of technology [5-9]. Nevertheless, 

the requirement of good quality interfacial insulator 

layer and the existence of Fermi level pinning, due 

to localized electronic states introduced by defects 

and impurities [10,11], has deteriorated their use in 

microelectronic industry. This undesired condition 

can be impeded by inserting an insulator layer 

between metal and semiconductor. Therefore, a 

metal-semiconductor (MS) structure turns into 

metal-insulator/oxide-semiconductor (MIS/MOS) 

structure. Such an interfacial insulator layer native or 

deposited have a strong influence on the 

performance and conduction mechanisms of these 

devices. When thickness of insulator layer is less 

than 30 Å, charges at surface states or traps 

correlates with metal, whereas they correlate with 

semiconductor if insulator layer thickness is larger 

than 30 Å [12]. In addition, when insulator layer 

thickness is sufficiently large enough (≥500 Å), MIS 

structure acts as a MOS capacitor, rather than a MIS 

type structure. The continual decrease in silicon 

transistors has compelled gate oxides to thickness 

below 50 Å. At these dimensions leakage current, 

which prevents the device performance, is increased 

by direct tunneling [13]. The presence of direct 

tunneling through the insulator layers has led to 

many studies on alternative oxides with high 

dielectric constant. Also, active dangling bonds on 

the semiconductor surface cannot be passivated by 

the insulator layer formed with the known 

techniques of oxidation or deposition. Otherwise, the 

use of such a high dielectric material can decrease 

the amount of dangling bonds and also the leakage 

current. A number of high-k materials such as TiO2, 

HfO2 and Al2O3 [14] are studied in GaAs based 

devices nowadays. Among these dielectric materials, 

TiO2 can be evaluated as more promising nominee 

with its extraordinary high dielectric constant. Bulk 

TiO2 is known to occur one of three different 

polycrystalline structures: anatase, rutile and 

brookite. Among them, brookite is unstable. The 

anatase phase is composed in thin films at 

temperatures under 600 oC and bulk anatase TiO2 has 

a dielectric constant to be 48 [13,15]. The 
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transformation to the rutile phase occurs around 800 
oC. Rutile is the most stable phase and generally 

preferred for optical applications because of its 

higher refractive index [16]. Anatase is metastable at 

room temperature and is used in many kind of 

applications including photo-catalysis [17], gas 

sensing [18,19] and solar energy conversion [20,21]. 

 

There are several methods to form TiO2 layer such 

as traditional thermal oxidation, anodic oxidation, 

sol-gel, electro-spining and sputtering. Among them 

sputtering method can be suitable for growing high 

quality films, high density, high adhesion and high 

hardness with good uniformity of the film thickness 

at low substrate temperatures [1,2,22]. The reverse 

bias current conduction mechanisms in thin films 

can be classified into two groups: interfaced-

controlled and bulk-controlled mechanisms. Carrier 

injection through a barrier at the material electrode 

interface Schottky emission (SE) and Fowler-

Nordheim (FN) tunneling belong the first group. The 

second group includes several mechanisms such as 

Poole-Frenkel emission (PFE) and space charge 

limited conduction [23-25].  

 

In this study, we aimed to clarify the conduction 

mechanism of the leakage current in (AuZn)/TiO2/p-

GaAs MIS structures in the temperature range of 80-

290 K. 

 
 
2.-Experimental Details 
 

(AuZn)/TiO2/p-GaAs(110) MIS structures were 

fabricated to investigate the reverse bias current 

conduction mechanisms through the insulator/oxide 

layer. First, the Ti/Au alloy ohmic contact was 

formed by deposition of high purity (99.999%) Ti 

(300 Å) and Au (1900 Å) at 400 ◦C and then the 

sample was annealed 370 ◦C to achieve good ohmic 

contact behavior. After this, TiO2 thin film with 400 

Å thickness was deposited on the sample at 200 ◦C. 

High purity Ti target and specific Ar+O2 reactive gas 

mixture (Ar/O2=80/20 sccm) was used to form TiO2 

thin film. The thickness of the TiO2 thin film was 

confirmed by stylus type profilometer. After, the 2 

mm dot shaped AuZn rectifier contacts with 1000 Å 

thickness were evaporated onto TiO2 thin film at 

room temperature. The structural properties and the 

interface characteristics of the sample were analyzed 

by means of X-ray diffraction (XRD), atomic force 

microscopy (AFM) and secondary ion mass 

spectrometry (SIMS) measurements. More 

information about the feature of the deposition 

parameter and the characterization of the sample can 

be found in our previous study [1]. 

 

The reverse bias current-voltage measurements were 

performed by using a Keithly 2400 source meter in 

the temperature range of 140-290 K by the step of 30 

K in a temperature-controlled Janis vpf-474/5 

cryostat, which enable us to measure in the 

temperature range of 77-450 K. The sample 

temperature was always monitored by using a Lake 

Shore model 321 auto-tuning temperature 

controllers with sensitivity better than ±0.1 K. all 

measurements were carried out with the help of a 

microcomputer through an IEEE-488 AC/DC 

converter card. 

 

3.- Results and Discussion 
 

The junction fabricated to form (AuZn)/TiO2/p-

GaAs(110) MIS structure exhibits rectifying 

behavior, as shown in Fig.1. In the reverse bias 

region, however, the current increases with increase 

of reverse applied bias voltage as seen in the semi-

logarithmic 𝐼 − 𝑉 plot of the structure. This clearly 

shows a discrepancy with the simple thermionic 

emission where for 𝑉 < −
3𝑘𝑇

𝑞
. The reverse bias 

current should saturate as described [23-26]:  

 

 

𝐼(𝑉) = 𝐴𝐴∗𝑇2exp (−
𝑞Φ𝐵

𝑘𝑇
)                                      (1) 

where A* is the Richardson constant (=74.4 for p-

GaAs), A is the diode area (=0.0314 cm2), k is the 

Boltzmann constant, T is the temperature in K and 

Φ𝐵  is the barrier height of the junction. The non-

saturating current under reverse bias propounds that 

the barrier height is a function of bias voltage and 

temperature. 

 

Φ𝐵(𝑉𝑖) =
𝑘𝑇

𝑞
𝐿𝑛(

𝐴𝐴∗𝑇2

𝐼𝑖
)                                        (2) 

 

Fig. 2 shows the voltage dependent barrier height 

values calculated from Eq. 2. in the temperature 

range of 140-290 K. The calculated values of Φ𝐵 

decrease with the increase of the reverse bias voltage 

for all temperatures. To explain the reduction of 

barrier height with the increase of reverse bias 

voltage, electric-field enhanced thermionic emission 

was studied by Schottky [23] and Poole-Frenkel [23] 

emission mechanisms.  

 

 

Schottky Emission (SE) 

The SE generated by the thermionic effect is induced 

by electron transport across the potential energy 

barrier at a metal/insulator interface. Generally, the 

Schottky conduction process is an electrode-limited 

conductivity that depends on the barrier between the 
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metal and insulator layer and has the tendency to 

occur for the insulators with fewer defects. The 

current density associated with SE is given by [23-

29]: 

 

Figure 1. The semi-logarithmic I-V plot of 

(AuZn)/TiO2/p-GaAs(110) MIS structure in the             

temperature range of 140-290 K. 

 

Figure 2. The voltage dependent barrier height 

values in the temperature range of 80-290 K 

𝐽𝑆 = 𝑇2 exp [
𝑞

𝑘𝑇
√

𝑞𝐸𝑏

4𝜋𝜀0𝜀𝑖
]                                    (3) 

where 𝐸𝑏  is the electric field in the semiconductor 

barrier at metal/semiconductor interface, 𝜀𝑖 is the 

dielectric constant of the insulator layer and 𝜀𝑜 is the 

permittivity of free space.  

 

Schottky emission for the (AuZn)/TiO2/p-GaAs MIS 

structure has been shown in terms of (
𝐽

𝑇2⁄ ) vs 𝐸
1

2⁄  

plot from the experimental 𝐼 − 𝑉 data and given in 

Fig. 3 (a) and the linear behavior of the SE was given 

in Fig. 3 (b). It can be concluded from Fig. 3 (b) the 

straight-line characteristic at low electric 

field/voltage (𝑉 = (−0.05)𝑉 − (−0.20)𝑉) 

confirms the Schottky emission.  

 

 

 

Figure 3. (a) and (b) The Schottky Emission for the 

(AuZn)/TiO2/p-GaAs MIS structure in terms 

Poole-Frenkel Emission (PFE) 

Poole-Frenkel emission can be described as electric-

field enhanced thermal emission from a trap state 

into a continuum of electronic states which can be 

usually found in the conduction band in an insulator. 

In other words; this is a thermally alleviated 

emission of charge carriers from Coulombic centers 

in the bulk of a dielectric or a semiconductor, 

enhanced by the application of an electric field. 

Emission of the electrons is checked by the electric 

filed, which is effective on the reduction of the 

barrier height on one side of the trap, thus give rise 

to the probability of the electron escaping from the 

trap. For this reason, the PFE is a bulk-limited 

conduction process which depends on the addition of 

the traps substantial in the bulk of the insulator layer. 

The current density associated with PFE is given by 

[26-34]:   
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𝐽𝑃𝐹 = Eexp [
𝑞

𝑘𝑇
√

𝑞𝐸

𝜋𝜀0𝜀𝑖
]                                             (4) 

Poole-Frenkel emission for the (AuZn)/TiO2/p-

GaAs MIS structure has been shown in terms of 

(
𝐽

𝐸⁄ ) vs 𝐸
1

2⁄  plot from the experimental 𝐼 − 𝑉 data 

and given in Fig. 4 (a). In Fig 4 (b), the linear 

behavior of the Poole-Frenkel emission, the straight-

line characteristic at low electric field/voltage (at 

𝑉 = (−0.15)𝑉 − (−0.45)𝑉) confirms the Poole-

Frenkel emission.  

 

 

 

Figure 4. (a) and (b) Measured reverse bias current 

density divided by electric field vs square root of 

electric field and the linear behavior of the Poole-

Frenkel emission of (AuZn)/TiO2/p-GaAs MIS 

structure at various temperatures. 

If the PFE dominates in the reverse current, then the 

plot of 𝐿𝑛 (
𝐽

𝐸⁄ ) vs 𝐸
1

2⁄  should be linear. Similarly, 

if a linear plot is found for 𝐿𝑛(
𝐽

𝑇2⁄ ) vs 𝐸
1

2⁄   then 

the Schottky mechanism dominate in the reverse bias 

region. The value of field-lowering coefficient of SE 

(𝛽𝑆) is always half of the value of PFE (𝛽𝑃𝐹) as 

follows: 

𝛽𝑆 =
𝛽𝑃𝐹

2
= (

𝑞

𝜋𝜀𝑖𝜀0
)

1
2⁄

                                          (5) 

where 𝜀𝑖, is the permittivity of insulator TiO2 layer 

and is equal to 48 [13,15,35], and 𝜀0 is the 

permittivity of free space. The theoretical and 

experimentally determined values of these 

coefficients were given in Table 1. 

 

Table 1: The theoretical and experimentally 

determined values of field-lowering coefficient of               

Poole-Frenkel and Schottky emission mechanisms. 

 

 

 

 

The calculated values field-lowering coefficient for 

SE and PFE by taking εi = 48ε0 and using Eq. 5 are 

given in Table 1. It can be concluded from these 

results that the SE is the dominant conduction 

mechanism in the investigated region of reverse bias 

region. The coefficient experimentally determined 

for the SE is more close to the theoretical value than 

the PFE. This result can also be seen from the 

determined values of the dielectric constant for TiO2. 

This time by using the experimental values of field-

lowering coefficient for SE and PFE dielectric 

constant of TiO2 can be calculated with the help of 

Eq. 5. The determined values of 𝜀𝑇𝑖𝑂2
 is 32 and 126 

for the SE and PFE, respectively. Among these 

values 32 is in good agreement with the available 

literature [13,15,35]. 

 

Fowler-Nordheim Tunneling (FW) 

 

The conduction mechanisms mentioned above are a 

function of the dielectric constant while Fowler-

Nordheim tunneling is not. In high-k dielectrics, trap 

related mechanisms are effective at low voltages and 

fields, while FN tunneling dominates at high 

voltages and fields [30-33]. 

 

 

𝐽𝐹𝑁 = 𝐸𝑏
2 exp [−

𝑏

𝐸
]                                                (6) 

 

 Experimental 

(from the 

slope) 

Theoretical  

(𝜺𝒊 = 𝟒𝟖𝜺𝟎) 

Poole-

Frenkel 

Emission 

(𝛽𝑃𝐹) 

5-6.75x10 

 

 

 

4-1.10x10 

Schottky 

Emission(𝛽𝑆) 

5-6.39x10 5-5.48x10 
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𝑏 =
4√2𝑚∗(𝑞∅𝑏)

3
2⁄

3𝑞ℎ
= 7.134 × 1016(𝑚∗∅𝑏

3)
1

2⁄       (7) 

 

 

where 𝑚∗ = 0.3𝑚0  [32] is the electron effective 

mass and  ∅𝑏 is the barrier height. From Eq. 6, we 

can plot the 𝐿𝑛(
𝐽𝐹𝑁

𝐸𝑏
2⁄ ) as a function of (1

𝐸⁄ ). The 

temperature dependent and the linear Fowler-

Nordheim relation of reverse bias characteristics for 

(AuZn)/TiO2/p-GaAs MIS structure in the high 

electric field/voltage  (𝑉 = (−2.40)𝑉 −
(−2.92) 𝑉) , corresponding to  𝐸𝑏 = (0.60 −
0.73) 𝑐𝑚

𝑀𝑉⁄ , given in Fig. 5 (a) and (b), 

respectively, approving that FN tunneling is the 

dominant leakage mechanism in this region of the 

bias voltage. The calculated values of barrier height 

from the slope of the 𝐿𝑛(
𝐽𝐹𝑁

𝐸𝑏
2⁄ ) versus (1

𝐸𝑏
⁄ ) for 

all the temperatures were given in Table 2. 

 

 
 

 
Figure 5. (a) The temperature dependent and (b) the 

linear Fowler-Nordheim relation of reverse            

bias characteristics for (AuZn)/TiO2/p-GaAs MIS 

structure 

 

 

 

 

Table 2. The calculated values of barrier height from 

the slope and R-squared values of the               

(AuZn)/TiO2/p-GaAs MIS structure in the 

temperature range of 80-290 K. 

 

Temperature  

(K) 

Slope 𝚽𝑩 

(eV) 

𝐑𝟐 

80 0.668 0.317 0.998 

110 0.653 0.312 0.997 

140 0.638 0.308 0.996 

170 0.63 0.305 0.997 

200 0.628 0.304 0.995 

230 0.628 0.304 0.993 

260 0.595 0.294 0.993 

290 0.547 0.278 0.990 

 

Also, the R-squared values should be 1 to indicate 

the good agreement of the FN tunneling mechanism. 

As can be seen from the Table 2, the values 𝑅2 are 

very close to 1 that supporting the FN tunneling in 

the given voltage and field region. 

 
 

Figure 6. The current density versus temperature 

plot for low and moderate field values for     

(AuZn)/TiO2/p-GaAs MIS structure 

 

 

To better understand the field dependency of the 

conduction mechanism as function of temperature 

we have plotted the current density versus 

temperature plot for low and moderate field values 

and given in Fig. 6. As can be seen from the figure 

that while studying under low field (0.25 MV/cm) 

the temperature dependence of the leakage current is 

obvious for all temperatures from 80 to 290 K. The 

temperature dependence behavior of the leakage 

current reveals that the dominant mechanism is the 

Schottky emission under low field. But, there was 

almost no leakage current dependence on the 

temperature under 230 K in moderate field (0.75 

MV/cm), whereas the current increases above 230 K 

with the increase of temperature. The temperature 
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independent behavior of the leakage current at this 

point can be the evident of the FN tunneling under 

high field effect [30]. 

 

Space Charge Limited Current (SCLC) 

 

The behavior of the reverse bias current were 

analyzed to determine the possibility of the space-

charge-limited-current mechanism at moderate bias 

voltage at V=((-0.23)-(2.32))V. 

 

 
Figure 7.  The double logarithmic reverse-bias I-V 

.GaAs MIS structure-/p2plots of (AuZn)/TiO 

 

Table 3. The calculated slope for each temperature 

and the R-squared values of the double logarithmic 

GaAs -/p2plots of (AuZn)/TiO 𝐼 − 𝑉 bias-reverse

MIS structure 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

The double logarithmic reverse-bias 𝐼 − 𝑉 plots in 

Fig. 7 show a linear behavior with a constant for all 

temperatures. The calculated values of slope for each 

temperature and the R-squared values are tabulated 

in Table 3. So, there is no relation between the 

current given as 𝐼 ∝ 𝑉𝑚+1 [34]. This means, the 

SCLC mechanism is not present for (AuZn)/TiO2/p-

GaAs MIS structures in the given reverse bias 

region.  
 

Conclusion 
 

 In the recent study, we investigated the reverse bias 

current conduction mechanisms of (AuZn)/TiO2/p-

GaAs metal-insulator-semiconductor (MIS) 

structure in the temperature range of 80-290 K. The 

analysis of the reverse current underlines that the 

main process in leakage current flow is the carrier 

injection through a barrier at the material electrode 

interface. The temperature dependence behavior of 

the leakage current reveals that the dominant 

mechanism is the Schottky emission under low field. 

But, there was almost no leakage current dependence 

on the temperature at temperatures under 230 K in 

moderate field (0.75 MV/cm), whereas the current 

increases above 230 K with the increase of 

temperature. The temperature independent behavior 

of the leakage current at this point can be the evident 

of the FN tunneling under high field effect. 
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