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This paper demonstrates the role of high-k La2O3 on the electrical perfor-
mance of the Au/n-GaN Schottky junction (SJ) as an insulating layer between
the Au and n-GaN films. First, the La2O3 is deposited on a n-type GaN surface
by e-beam technique and analysed for its structural and chemical properties
with x-ray diffraction (XRD) and x-ray photoelectron spectroscopy (XPS) ap-
proaches. XRD and XPS results confirmed the growth of La2O3 on the n-GaN
surface. Then, the Au/La2O3/n-GaN metal/insulator/semiconductor (MIS)
junction is fabricated and analysed for its electrical properties and compared
with the SJ electrical results. The MIS junction exhibits a good rectifying
nature with a low leakage current compared to the SJ. Experimental findings
reveal a higher barrier height obtained for the MIS junction than the SJ,
suggesting that the barrier height is altered by the La2O3 insulating layer.
Also, the barrier heights are estimated by Cheung’s, Norde functions and WS–
V plot, and the values are nearly matched with each other, indicating the
techniques used here are valid. The extracted interface state density (NSS) of
MIS junction is lower than the SJ, implying the La2O3 insulating layer plays a
vital role in the decreased NSS. Experimental findings confirmed that the
Schottky emission governs the reverse current in SJ. However, for the MIS
junction, the Poole–Frenkel and Schottky emissions are the dominant current
conduction mechanisms in the lower and higher bias regions.

Key words: High-k lanthanum oxide, n-type GaN, structural and chemical
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INTRODUCTION

Through the past few decades, group III–V semi-
conductors have seen vast success due to their
exciting properties such as high breakdown electric

field (4.2 MV/cm), high saturation velocity
(� 39107 cm/s),1 outstanding chemical stability,
and the capability to resist radiation damage.2

Remarkably, gallium nitride (GaN) is an excellent
semiconductor for the fabrication of high-tempera-
ture, high-frequency and high-power devices, which
includes photodiodes, light emitting diodes (LEDs),
metal/oxide/semiconductor (MOS) capacitors and
electron-mobility transistors (HEMTs).3,4 The(Received November 23, 2018; accepted April 3, 2019;
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conventional devices apply a Schottky barrier as the
control gate which typically produces a large leak-
age current and, as a result, results in a decreased
breakdown voltage and an enlarged power con-
sumption as well as an extended noise coefficient.5,6

To lower the leakage current, metal/interlayer or
oxide/semiconductor (MIS/MOS) structures are pro-
posed to update the normal Schottky gate.4 How-
ever, the surface passivation of GaN is typically
tough because of the prevailing surface defects,
dangling bonds, and a few impurities, which alter
the interface energy band. Hence, it is essential to
research and optimize the MIS/MOS structures
before fabricating the electronic devices with inter-
layer/oxide layer.

Various researcher groups have reported to
improve barrier height and reduce leakage current
in the GaN-based metal/interlayer or oxide/semi-
conductor (MIS/MOS) structures by using different
interlayer/oxide layers.5–18 For instance, Chiu
et al.10 prepared the Ni/AlGaN/GaN MOS-HEMTs
by e-beam evaporated high-k La2O3layer as the gate
insulator and reported that the gate leakage current
of a metal gate GaN HEMTs was reduced one order
of magnitude after inserting a La2O3 insulator
between Ni and AlGaN. Chen et al.11 fabricated
the MIS Schottky diode hydrogen sensor with La2O3

as a gate insulator, and the electrical properties and
gas sensing performance were examined from 25�C
to 300�C. Qian et al.12 reported the performance of
La2O3/InAlN/GaN MOS HEMTs and found that the
gate reverse leakage current was reduced by four
orders of magnitude compared to the HEMTs. Jur
et al.13 demonstrated that the deposited lanthanide
oxides on GaN produced stable dielectric with good
interface quality. Chen et al.14 fabricated the GaN
MIS ultraviolet sensor with a La2O3 insulating
layer, and reported a leakage current of
4.95 9 10�11 A. Chen et al.15 studied the annealing
temperature dependent electrical characteristics of
La2O3 gate dielectric for W gated AlGaN/GaN
HEMTs. Munjunath et al.16 prepared the Au/
Sm2O3/n-GaN MIS junction with a high-k rare-
earth Sm2O3 as the insulating layer and found that
the higher barrier height was achieved for the MIS
junction compared to the Au/n-GaN Schottky junc-
tion. Prasad et al.17 demonstrated the electrical and
transport properties of rare-earth oxide Y2O3 and
reported that the MIS diode showed higher barrier
height compared to the conventional Au/n-GaN
Schottky diode. Recently, Prasad et al.18 reported
the effect of annealing on the chemical, structural
and electrical properties of Au/Gd2O3/n-GaN
heterostructure and found that the as-deposited
and 400�C annealed heterostructures showed good
rectifying behaviour with very low-leakage current
compared to the Au/n-GaN Schottky structure.

The main emphasis of the present work is to
fabricate and characterize the electrical properties
of an Au/La2O3/n-GaN metal/insulator/semiconduc-
tor (MIS) junction with the rare-earth high-k

lanthanum oxide (La2O3) as an interlayer. Recently,
the rare-earth oxides received much interest
because they showed good electrical properties such
as high dielectric constant and low-leakage current
density.6 Also, rare-earth oxides have attracted a
significant consideration owing to new applications
on passivating semiconductor interfaces.18 For
instance, Wang et al.19,20 demonstrated a novel
interface engineering technique by the insertion of
in situ La2O3 between 4H-SiC and Al2O3 deposited
in a plasma enhanced atomic layer deposition
chamber, and obtained excellent interfacial and
electrical characteristics by the Al2O3 gate dielectric
with LaSiOx as the interfacial passivation layer. In
this work, rare-earth lanthanum oxide (La2O3) is
selected because of its outstanding properties such
as large band gap (> 5 eV), high dielectric constant
(20-30), high breakdown field (> 13 MV/cm)
strength, good oxide reliability and good thermal
stability.8 Due to the low-leakage current and low
interface state density of La2O3 thin films,8 La2O3 is
an excellent material for interlayer application in
MIS/MOS-HEMTs. As we know, there is no com-
plete data available yet on the barrier heights,
ideality factors, series resistance and surface poten-
tial parameters of La2O3 films on n-type GaN.
Certainly, it is very essential for analysing the
electrical parameters which influence the device
performance, consistency and steadiness. Thus, the
present work mainly focuses on deposition of La2O3

on n-type GaN by e-beam evaporation and probed
its structural and chemical properties with x-ray
diffraction (XRD) and x-ray photoelectron spec-
troscopy (XPS) techniques first. Then, in order to
find the role of La2O3 on the electrical properties of
Au/n-GaN Schottky junction, we fabricated Au/
La2O3/n-GaN MIS junctions by inserting a high-k
rare-earth La2O3 insulating layer between the
metal and semiconductor. The electrical parameters
of the MIS junction such as barrier height, ideality
factor, series resistance and interface state density
are estimated with current–voltage (I–V) and capac-
itance–voltage (C–V) measurements. The electrical
parameters of the MIS junction are correlated with
the electrical results of an Au/n-GaN Schottky
junction (SJ). Finally, a feasible current transport
mechanism of SJ and MIS junctions is reviewed and
discussed.

EXPERIMENTAL PROCEDURE

In this work, 2 lm-thick Si-doped GaN films
(Nd = 4.07 9 1017 cm�3 by Hall measurements)
were grown on c-plane sapphire substrate by the
metal organic chemical vapour deposition (MOCVD)
method. First, a n-GaN wafer was ultrasonically
cleaned in warm trichloroethylene, acetone, metha-
nol and deionized (DI) water for 5 min each step.
Then, the n-GaN surfaces were dipped into buffered
oxide etch (BOE) solution for 10 min to remove the
native oxide followed by rinsing in DI water and
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dried with N2 gas. After that, the ohmic and
Schottky electrodes were defined by using standard
photolithography and lift-off techniques. Bilayer (Ti
(30 nm)/Al (100 nm)) metals were deposited on the
cleaned surface of n-GaN by the e-beam evaporation
technique as the ohmic contacts were followed by a
rapid thermal annealing (RTA) at 750�C for 60 s in
N2 ambient. Next, the defined contacts were dipped
into BOE solution for 30 s and dried with N2. Then,
40 nm thickness lanthanum oxide (La2O3) thin film
was deposited on a n-GaN surface by an e-beam
evaporation technique at a vacuum pressure of
7 9 10�6 Torr. Finally, 20 nm thick circular Au
Schottky electrodes with a diameter of 200 lm
(area = 3.14 9 10�4 cm2) were formed on La2O3

thin film using an e-beam evaporation system.
Now, the fabricated device type was an Au/La2O3/
n-GaN metal/insulator/semiconductor (MIS) junc-
tion. For comparison, the Au/n-GaN Schottky junc-
tion (SJ) was made without a La2O3 insulating layer
in the similar conditions. X-ray diffraction (XRD)
technique was employed to characterize the struc-
tural properties of deposited La2O3 thin films. The
chemical properties and depth profile of the e-beam
deposited La2O3 thin films were carried out by x-ray
photoemission spectroscopy (XPS) analysis. A pre-
cision semiconductor parameter analyzer (Agilent
4156C) and precision LCR meter (Agilent 4284A)
were applied for the measurements of current–
voltage (I–V) and capacitance–voltage (C–V) of the
Au/n-GaN SJ and Au/La2O3/n-GaN MIS junctions,
respectively, in the dark at room temperature.

RESULTS AND DISCUSSION

The diffraction spectrum of lanthanum oxide
(La2O3) thin films formed by e-beam evaporation
method on n-type GaN substrate is measured by the
XRD technique. The XRD pattern of La2O3 film on
n-type GaN is illustrated in Fig. 1. As seen in the
XRD plot, the diffraction peaks observed at an angle
‘2h’ equal to 34.59� and 72.93� corresponds to the
reflections from (002) and (004) planes of GaN

(JCPDS no. 76-0703), respectively. The peaks
obtained at 28.67�, 31.21�, 43.28�, 47.86�, 59.29�,
64.97� and 70.12� are indexed to (002), (400), (125),
(600), (127), (800) and (822) planes of La2O3. All the
peaks are assigned as per JCPDS no. 65-3185.
Further, XPS measurement is employed to investi-
gate chemical states of La2O3 film on n-type GaN
substrate. XPS spectrum of La2O3 film is illustrated
in Fig. 2a. As seen in XPS spectrum, the peaks are
observed at 834.80 eV and 851.52 eV which can be

Fig. 1. X-ray diffraction spectrum of e-beam deposited La2O3 films
on n-type GaN.

Fig. 2. XPS spectra of (a) La 3d and (b) O1s for the La2O3 films, and
(c) XPS depth profile of the La2O3/n-GaN interface.
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attributed to two spin orbits of La 3d3/2 and La 3d5/2,
respectively. The other peaks located at 854.86 eV
and 838.14 eV are La 3d satellite peaks, indicating
the presence of La3+. Moreover, the spin–orbit
splitting between La 3d3/2 and La 3d5/2 peaks of
16.72 eV is characteristic of La2O3 phase.21,22 The
binding energy of the O1s peak is located at
531.66 eV as shown in Fig. 2b. This peak is
attributed to a La–O bond.23 Also, the distribution
of the elements across the La2O3/n-GaN layers is
explored by XPS depth profile measurements. The
XPS depth profile of the La2O3 film on n-type GaN is
represented in Fig. 2c. As seen in Fig. 2c, the depth
profile shows a sharp interface that indicates the
La, O, Ga and N layers are well defined. The XRD
and XPS results confirmed that the La2O3 film is
grown on a n-GaN surface.

The Au/La2O3/n-GaN metal/insulator/semicon-
ductor (MIS) junction is fabricated with a La2O3

as an insulating layer between the Au and n-GaN
layers to associate with the structural and chemical
properties of La2O3 thin films. The schematic dia-
gram of a fabricated Au/La2O3/n-GaN MIS junction
with a high-k rare-earth La2O3 insulating layer is
shown in Fig. 3a. Figure 3b shows the atomic force
microscopy (AFM) image of the e-beam deposited
La2O3 thin film on n-GaN. The surface morphology
of the La2O3 thin films is considerably smooth with
a root-mean-square (rms) roughness of 1.022 nm.

Figure 4 depicts the semi-logarithmic reverse and
forward I–V characteristics of a SJ and MIS junc-
tion measured at room temperature. It is noted that
both the SJ and MIS junction shows a good recti-
fying nature with the rectification ratio of 1 9 103

and 2 9 104, respectively. The rectification ratio of
the MIS junction is higher by one order than the SJ.
The reverse leakage current is found to be
3.93 9 10�6 A and 1.35 9 10�8 A at � 1 V for the
SJ and MIS junction. It is noted that the measured
reverse leakage current of the MIS junction
decreases by two orders of magnitude than the SJ,
implying the La2O3 insulating layer plays an
important role in the reduction of reverse leakage
current. This indicates that the electrical properties
of the MIS junction are improved as compared to the
SJ. Also, non-saturation behaviour is observed as a
function of applied bias voltage in the reverse bias
for the both SJ and MIS junctions. This can be
attributed to the image force lowering of barrier
height (BH) and the existence of a native oxide or
deposited insulating layer at the metal/semiconduc-
tor junction.24,25 The series resistance (RS) and
shunt resistance (RSH) are also extracted from the
I–V characteristics, and the corresponding values
are 26 X and 655 kX for SJ, and 735 X and 27 MX
for the MIS junction. These results reveal that the
junction with and without insulating layer has low
RS and high RSH. The derived values of RS and RSH

are appropriate for the fabrication of SJ and MIS
type Schottky diodes or electronic devices.25 The
forward I–V characteristics of SJ and MIS junctions
are analyzed using the thermionic emission (TE)
theory.26 The BH and n values are found to be
0.67 eV, 1.35 and 0.78 eV, 1.72 for SJ and MIS
junctions, respectively. Clearly, it is seen that the
BH of the MIS junction increases compared to the
SJ junction after inclusive of a La2O3 thin insulat-
ing layer. This may be due to the physical barrier
formed by a La2O3 insulating layer between the Au
and n-GaN films. Consequently, the insulating layer
makes an excess BH of 0.11 eV which indicates the

Fig. 3. (a) The schematic diagram of a fabricated Au/La2O3/n-GaN
MIS junction and (b) Atomic force microscopy (AFM) image of the
La2O3 film on n-type GaN.

Fig. 4. Semi-logarithmic current–voltage (I–V) characteristics of the
Au/n-GaN SJ and Au/La2O3/n-GaN MIS junction measured at room
temperature.
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La2O3 insulating layer enhances the BH of SJ. It is
noted that the estimated ideality factor of SJ and
MIS junction deviated from unity indicating the
non-ideal behaviour of the device. This may be
attributed to interface states at a native thin oxide
layer between metal and semiconductor, electron
tunnelling through the barrier, charge carrier
recombination in depletion region and generation–
recombination through interface traps in the junc-
tion.27 Another reason may be the existence of a
wide distribution of low Schottky barrier patches
produced by a laterally inhomogeneous barrier.25

The Au/n-GaN SJ and Au/La2O3/n-GaN MIS
junction shows a non-linear region in the forward
bias I–V curves at higher voltage region (Fig. 4).
This can be because of the effect of series resistance
(RS) and interface state density (NSS). However, the
BH and ideality factor are significant in linear and
non-linear regions of the I–V characteristics. In
order to estimate BH, ideality factor (n) and series
resistance (RS) of the SJ and MIS junction in a non-
linear region of the forward bias I–V characteristics,
Cheung’s functions were employed.28 Cheung’s
functions can be expressed as

dV

d lnIð Þ ¼
nkT

q
þ IRS; ð1Þ

H Ið Þ ¼ V � nkT

q

� �
ln

I

AA�T2

� �
; ð2Þ

and

H Ið Þ ¼ nUb þ IRS: ð3Þ

Figure 5a and b demonstrate the dV/d(lnI) versus
I, and H(I) versus I plots for the Au/n-GaN SJ and
Au/La2O3/n-GaN MIS junction. Using the dV/d(lnI)-
I plot (Fig. 5a and b), the RS and n values are
determined to be 39 X and 1.9 for the SJ, and 11 kX
and 2.0 for the MIS junction, respectively. Whereas,
the BH and RS are determined to be 37 X and
0.65 eV for the SJ, and 10 kX and 0.75 eV for the
MIS junction, respectively from the H(I)-I plot
(Fig. 5a and b). The RS values extracted from the
dV/d(lnI) versus I and H(I) versus I are closely
matched with one another, indicating the Cheung’s
functions are consistent and valid. It is noticed that
the estimated RS of the MIS junction is somewhat
higher than the SJ, implying that the interfacial
insulating layer exists at the interface. The ideality
factor derived from the linear region of I–V and dV/
d(lnI)–I plot is slightly different from each other,
this can be associated with the effect of series
resistance and the bias dependence of BH along
with the voltage drop across the interfacial layer
and the change of interface states with bias in the
non-linear region of the I–V characteristics.29–31

Moreover, the BH and RS of the SJ and MIS
junction are estimated by employing the modified

Norde function.32 Figure 6 illustrates the Norde
function F(V) against voltage (V) plot for the Au/n-
GaN SJ and Au/La2O3/n-GaN MIS junction. Using
this plot, the BH and RS are determined to be
0.69 eV and 5 kX, and 0.75 eV and 10 kX for the SJ
and MIS junction, respectively.

In addition, when the metal comes into contact
with a semiconductor, the current through a junc-
tion with a native oxide layer on the surface of the
semiconductor is expressed by

I ¼ AA�T2exp � qWS

kT

� �
exp � qVn

nkT

� �� �
; ð4Þ

Fig. 5. (a) dV/d(lnI) versus I and H(I) versus I plot for the Au/n-GaN
SJ, and (b) dV/d(lnI) versus I and H(I) versus I plot for the Au/La2O3/
n-GaN MIS junction.

Fig. 6. Plot of F(V) versus V for the Au/n-GaN SJ and Au/La2O3/n-
GaN MIS junction.
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where A, A*, T, k, and n have their usual mean-
ings.31 The surface potential, WS, is given by

ws ¼
kT

q
ln

AA�T2

I

� �
� Vn; ð5Þ

where Vn is the potential difference between the
Fermi level and the valence band maximum and
Vn = (kT/q) ln (Nc/Nd), where Nc is the effective
density of states in the conduction band and Nd is
the carrier concentration and then Vn can be
extracted. With the help of Eq. 5, WS is derived by
substituting the value of Vn. The derived WS values
against the forward voltage (V) are depicted in
Fig. 7. By using WS–V plot, the critical potential, WS

(IC,VC), and critical voltage (VC) are achieved. Then,
the BH can be calculated by the following equation
and it is defined as33

Ub ¼ WS IC;VCð Þ þ C2VC þ Vn: ð6Þ

As seen in Fig. 7, the WS value decreases linearly up
to V reaching the critical value VC. Also, C2 is the
inverse of the ideality factor and is expressed by

�C2 ¼ ds

dV

� �
IC;VC

¼ 1

n
: ð7Þ

The BH and ideality factor values are estimated
using Eqs. 6 and 7 and the corresponding values are
0.64 eV and 1.35, and 0.74 eV and 1.42 for the SJ
and MIS junction, respectively. The BHs estimated
from the I–V, Cheung’s, Norde functions and WS–V
plot are nearly similar; hence, the methods applied
here are consistent and effective.

Figure 8 demonstrates the 1=C2 characteristics of
the Au/n-GaN SJ and Au/La2O3/n-GaN MIS junc-
tion measured at a frequency of 1 MHz, showing
linear behaviour. Therefore, the depletion layer
capacitance can be expressed by22

1

C2
¼ 2

esqNdA2

� �
Vbi �

kT

q
� V

� �
; ð8Þ

where es, q, Nd, k, T, V and A have the usual
meanings.17 Vbi is the built-in potential which is
given by the equation Vbi = Vo + kT/q, here Vo is
estimated from the x-intercept of the plot of 1/C2

versus V. Then, the BH can be estimated by the
equation Ub = Vo + Vn + kT/q, here Vn = (kT/
q)ln(NC/Nd) and the density of states in the conduc-
tion band edge is given by NC = 2(2pm*kT/h2)3/2.
The built-in potential values are determined to be
0.70 V and 0.89 V for the MS and MIS junction,
respectively. Then, the barrier heights are esti-
mated to be 0.95 eV for SJ and 1.15 eV for the MIS
junction. The BHs estimated by the C–V approach
are larger than the values by way of the I–V
approach; this could be because of the specific
nature of C–V and I–V techniques. Other reasons
may be the presence of excess capacitance, the BHs
are different. The BHs are differing from C–V and
I–V techniques and that may be because of the effect
of the image force lowering and the barrier inho-
mogeneities.34 Other reasons may be because of the
defects in the interface, overruling insulating layer
edge leakage current and deep impurity levels.35

The estimated BHs, ideality factors and series
resistance by I–V, Cheung’s, WS–V plot and C–V
approaches are summarized in Table I. Some of the
reported barrier height values of Au/n-GaN SJ and
GaN-based MIS/MOS type devices are also given in
Table I for comparison.

Furthermore, the electrical characteristics of the
SJ and MIS junction are departing from ideality
because of the interface state density, voltage
dependent ideality factor (n(V)) and effective BH
(Ue) and the presence of an insulating layer. As
proposed by Card and Rhoderick,40 the interface
state density (NSS) is expressed by

NSS Vð Þ ¼ 1

q

ei

d
n Vð Þ � 1ð Þ � es

Wd

� �
; ð9Þ

here n Vð Þ ¼ qV

kTln I=Io

� � ; ð10Þ

Fig. 7. WS versus V plot of the Au/n-GaN SJ and Au/La2O3/n-GaN
MIS junction.

Fig. 8. Plot of C�2 versus V for the Au/n-GaN SJ and Au/La2O3/n-
GaN MIS junction.
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where ei and es are permittivity of the interlayer and
semiconductor, respectively, d is the thickness of the
interfacial layer and Wd is the depletion width
which is extracted by high frequency (1 MHz) C–V
data. The energy of interface states (ESS) are
extracted with respect to the conduction band at
the semiconductor surface (EC) for n-type semicon-
ductors and is expressed by the following relation

EC � ESS ¼ q Ue � Vð Þ;

whereUe ¼ Ubo þ bV ¼ Ubo þ 1 � 1

n Vð Þ

� �
V:

ð11Þ

Figure 9 depicts the NSS versus EC-ESS plot for
the SJ and MIS junction. As seen in Fig. 9, the NSS

increases exponentially from the mid gap towards
the bottom of the conduction band. The determined
NSS values are varied from 1.50 9 1013 eV cm�2 to
7.15 9 1013 eV cm�2 for the SJ and
2.85 9 1012 eV cm�2 to 1.36 9 1013 eV cm�2 for
the MIS junction, respectively. It is observed that
the estimated NSS of the MIS junction is less than
the SJ, indicating that the GaN surface is efficiently
passivated by the La2O3 insulating layer. These
results suggest that the La2O3 insulating layer

plays a vital role in reducing NSS and enhances the
effective BH of the SJ.

In order to know the reverse current conduction
mechanism in the Au/n-GaN SJ and Au/La2O3/n-
GaN MIS junction, the reverse current ln(IR) versus
voltage (VR)1/2 plot is drawn and is illustrated in
Fig. 10. The reverse current is associated with the
Poole–Frenkel emission (PFE) and is expressed as41

Table I. The estimated barrier height, ideality factor and series resistance of the Au/n-GaN SJ and Au/La2O3/
n-GaN MIS junction. Some of the reported barrier height values of the Au/n-GaN and GaN-based MIS/MOS
type devices are given for comparison

Parameters
Au/n-GaN

MS

Au/La2O3/n-
GaN MIS
junction

Reported Ub (eV) values from the litera-
ture

I–V method
Barrier height, Ub (eV) 0.67 0.76 Present work
Ideality factor (n) 1.35 1.72 0.73 eV,36 0.71 eV,37 0.65 eV,38 0.73 eV and

0.94 eV,39 0.68 eV and 0.81 eV,16 0.71 eV and
0.98 eV,18 0.69 eV and 0.82 eV,25 0.70 eV and

0.89 eV31

Cheung’s method
dV/d(lnI) versus I

Series resistance (X) 39 11 k
Ideality factor (n) 1.9 2.0

H (I) versus I
Barrier height, Ub (eV) 0.65 0.75
Series resistance (X) 37 10 k

Norde method
Barrier height, Ub (eV) 0.71 0.75
Series resistance (X) 5 k 10 k

Surface potential
Barrier height Ub (eV) 0.64 0.74
Ideality factor (n) 1.23 1.39

C–V method
Built-in potential (V) 0.70 0.95
Barrier height, Ub (eV) 0.89 1.15

Interface state density (NSS)
(eV�1 cm�2)

7.15 9 1013

to
1.50 9 1013

1.36 9 1013

to
2.85 9 1012

Fig. 9. Plot of NSS versus EC-ESS for the Au/n-GaN SJ and Au/
La2O3/n-GaN MIS junction.
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IR ¼ I0exp
SPFEV

1=2

kTd1=2

� �
; ð12Þ

and for Schottky emission

IR ¼ AA�T2exp
�Ub

kT

� �
exp

SSEV
1=2

kTd1=2

� �
; ð13Þ

where d is the thickness of the film, SPFE and SSE

are the Poole–Frenkel and Schottky field lowering
coefficients, respectively. The theoretical values of
SPFE and SSE are estimated by

SPFE ¼ 2SSE ¼ q3

pese0

� �1=2

; ð14Þ

here q, es and eo are the electric charge, relative
permittivity of the semiconductor and the free space.
Always, the SPFE value is twice the value of the SSE.
The SPFE and SSE values are calculated theoretically
using the Eq. 14 by substituting the values of es and eo
and the values are 2.46 9 10�5 eV m1/2 V�1/2 and
1.23 9 10�5 eV m1/2 V�1/2 for the SJ, and 1.46 9
10�5 eV m1/2 V�1/2 and 0.73 9 10�5 eV m1/2 V�1/2

for the MIS junction, respectively. From Fig. 10, the
extracted slope value is 0.49 9 10�5 eV m1/2 V�1/2 for
the SJ which is almost matched with the theoretical
value of the SSE. Hence, the reverse leakage current
conduction mechanism is governed by Schottky
emission in SJ. However, in the case of the MIS
junction, there are two distinct regions observed
(Fig. 10) that show the two different conduction
mechanisms that occur in the reverse bias. The
extracted slope values are 2.40 9 10�5 eV m1/2 V�1/2

in the lower bias region (region I), and
1.05 9 10�5 eV m1/2 V�1/2 in the higher bias region
(region II) for the MIS junction. The extracted slope
value in region I is found to be nearly matched with
the theoretical value of Poole–Frenkel lowering
coefficients. Hence, the reverse leakage current
conduction mechanism is dominated by the Poole–
Frenkel emission in region I. This indicates that the

carrier transport occurs from the metal into conduc-
tive dislocations through traps states than through
straight emission from the metal.41,42 However, the
extracted slope value in the region II is nearly
matched with the theoretical value of Schottky
lowering coefficients. This suggests that the Schottky
emission is the dominant current conduction mech-
anism in the region II where current conduction
takes place through the interface rather than from
bulk material. This is due to the sub-atomic structure
and non-uniformity of the dielectric layer employed
here.43,44

CONCLUSIONS

In order to understand the effect of the La2O3

insulating layer on the electrical parameters of Au/
n-GaN SJ, the Au/La2O3/n-GaN MIS junction is
developed by a place for La2O3 between the Au and
n-GaN semiconductor. First, the La2O3 thin film is
formed by the e-beam evaporation approach on a n-
type GaN surface and explored for its structural and
chemical properties using XRD and XPS measure-
ments. The results of XRD and XPS indicate that
the La2O3 film is formed on the n-GaN surface. The
electrical performance of the SJ and MIS junction
are measured by I–V and C–V approaches at room
temperature. The electrical parameters of the Au/
La2O3/n-GaN MIS junction are correlated with the
results of Au/n-GaN SJ. The MIS junction showed
an excellent rectifying behaviour with a low reverse
leakage current compared to the SJ. Results showed
that a higher barrier height is obtained for the MIS
junction (0.76 eV (I–V)/0.95 eV (C–V)) than the SJ
(0.67 eV (I–V)/0.70 eV (C–V)). Using Cheung’s,
Norde functions and WS–V plot, the barrier heights
are derived for the SJ and MIS junction, and it is
found that the values are almost matched with one
another, suggesting that the methods applied here
are dependable and effective. The estimated inter-
face state density (NSS) of the MIS junction is lower
than the SJ, implying the La2O3 insulating layer
participated in the reduction of NSS. Observations
revealed that the Schottky emission is the dominant
current conduction mechanism in the reverse bias of
SJ. However, in the case of the MIS junction, the
Poole–Frenkel emission is dominant in the lower
bias region, whereas the Schottky emission is
dominant in the higher bias region. Experimental
findings suggested that La2O3 films can be a
desirable dielectric material in the development of
MIS/MOS devices.
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