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AlGaN/GaN/Si Schottky barrier diodes have been investigated using the current-voltage measurements in the wide
temperature range of 125 — 500K. Measurements were performed an increase in barrier height and a decrease in the
ideality factor with increasing temperature. This is attribued to barrier inhomogeneities by assuming a Gaussian distribution
of barrier heights. It is also found that the values of series resistance obtained from Cheung’s method strongly depend on
temperature and decrease with increasing temperature. As is shown, the temperature-dependent current-voltage
characteristics of the Schottky barrier diodes have been explained by invoking a double Gaussian distribution at the
metal/semiconductor interface. Finally, the thermionic field emission is considered as the phenomena responsible for the

excess currents observed in Schottky barriers.
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1. Related works

In recent decades, AlGaN/GaN high electron mobility
transistors (HEMTs) have generated much interest for
high-power and high frequency applications [1, 2].
Gallium nitride is an ideal candidate for these applications
due to its wide band gaps, high saturation velocity, large
breakdown bias voltages, strong spontaneous and
piezoelectric polarisation fields, ability to form high-
quality heterostructures as well as an efficient carrier
transport. A two-dimensional electron gas (2DEG) can
occur at the AlGaN/GaN heterointerface with a
comparatively high density, as a result from this last
feature. A considerable advance is achieved in this
research field.

Defects and impurities, however, are inevitable and
can therefore behave as trapping centers, leading to a
limitation of the devices’ performance. To overcome
inconveniences and limitations of the trapping effects,
surface passivation is recommended as a technological
solution for AlGaN/GaN transistors. Passivation is a more
method to reduce electron traps [3] and increase in the
drain-current as well as in cut-off frequency and i
microwave output power [4,5]. Passivation with N20O
pretreatment improves the electron transport and reduces
the trapping effects [6].

The mechanism of leakage currents through GaN and
AlGaN Schottky interfaces is treated with temperature
dependence of the current-voltage (I-V-T) characteristics
allows the identification of the wvarious conduction

mechanism modes through the metal/GaN interface and
the study of different effects, such as surface states density
and barrier inhomogeneities [7,8]. Duo to technological
importance of Schottky barrier diodes, many theoretical
and experimental investigations of the current flow
mechanism in Schottky barriers have been reported in the
literature [7-10]. Several results were obtained for the
AlGaN/GaN heterostructures studies. This has been
elucidated by a well-clear increase in the ideality factor
and decrease in the barrier height with decreasing
temperature [11,12]. To explain these features, it has been
assumed that the integration of the concept of barrier
inhomogeneities and the introduction of Gaussian
distribution function with a mean and standard deviation
for the description [13,14]. While the anomalies were
explained through thermionic emmision mechanism
supposing that there is existence of Gaussian distributions
of barrier heights to explain the large leakage currents in
GaN and AlGaN Schottky barriers [15]. Well as the
increase in the ideality factor at low temperature may be
due to generation-recombination centers [16]. Compared
to Ref [7], the temperature dependence of ideality factor
and barrier height is explained on the basis of thermionic
emission mechanism supposing the presence of double
Gaussian distribution of barrierheights. On the other hand,
the series resistance increases with increasing temperature
[17]. They reported to the lack of free charge carriers,
particularly, at low temperatures [18].

In the present work reports on a study of
AlGaN/GaN/Si Schottky barrier diodes using current-
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voltage characteristics. We have also investigated the
ideality factor, barrier height, series resistance and
Richardson’s constant. An attempt to correlate all of the
results has been made in order to explain by the thermionic
emission mechanism by assuming the existence of double
Gaussian distributions of barrier heights and by quantum
mechanical tunneling including the thermionic field
emission.

2. Experimental details

The AIGaN/GaN HEMTs under investigation are
grown on silicon (111) substrate by using molecular beam
epitaxy (MBE). The active layers consist in a 500 nm thick
of undoped AIN/AIGaN buffer, a 1.8 um undoped GaN
channel, a 23 nm thick ofundoped Al 6GaNg 74N barrier
and a 1 nm n*-GaN cap layer. The device processing is
made following conventional HEMT fabrication steps.
The ohmic contact pads are patterned using e-beam
lithography. Hereafter, the metallization by means of
evaporated 12/200/40/100 nm Ti/Al/Ni/Au is deposited at
900°C during 30s. The Schottky gate is realized using
100/150 nm Mo/Au layers. On the other hand, the
AlGaN/GaN HEMTs are passivated by 100/50 nm
SiO,/SIN with N,O pretreatment. The current-voltage
characteristics of the device were measured in the
temperature range of 125-500 K by steps of 25 K using
keithley source measuring unit 4200. The device
temperature was controlled with an accuracy of + 2 K by
using temperature controller PID.

3 Results and discussion

The current-voltage characteristics of an ideal

Schottky barrier diodes (SBD) are given by thermionic
IKT
emission (TE) theory [19]. For bias voltage V = T,

the conventional diode equation can be expressed as :

1= 1 exp (%) )
with :
I, = AA TPexp(— 1222) @)

where @, is the zero bias apparent barrier height (BH), q
is the electron charge, T is the absolute temperature, K is
the Boltzmann constant, A" is the effective Richardson
constant (A" = 26.4 A/lcm’K? for GaN) and A is the diode
area. The apparent barrier height were determined using :

AA°TE ]

©)

1,

where 1y, is the saturation current, is obtained by
extrapolating the linear region of the curve Lnl vesus V to
zero applied voltage. For the ideality factor, it can be

evaluated from the slope of the Lnl-V plots using the
relation

1= % (55) @

Fig.1 shows the forward and reverse bias current-
voltage characteristics of  (Mo/Au)/AlGaN/GaN/Si
Schottky diode in the temperature range 125-500 K. It is
seen that the leakage current increases with an increase in
temperature and the values are in the range of 4.125x10°
A (at 125 K) to 4.613x10”° A (at 500 K) at -1V.
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Fig.1 Experimental forward and reverse current-voltage of
the (Mo/Au)/AlGaN/GaN/Si Schottky diode for different
temperatures.

In Fig.2, we report the Schottky barrier height as well
as the ideality factor versus temperature. The values of
SBH (®@,,) and 5 vary from 0.23 eV and 2.02 at 125 K to
0.87 eV and 1.39 at 500 K respectively. The SBH
decreases and the ideality factor increases with decrease in
temperature. As an attempt of explanation, the decreasing
of SBH (®,,) and the increase in factor ideality at low
temperature are possibly caused by a non-uniformity of the
interfacial charges, inhomogeneities in thicknesses and
alloy compositions of the epilayers, the presence of a thin
insulating layer between the metal and the semiconductor
or the surface states [20,21]. It is worth to notice that these
imperfections can introduce inhomogeneities into the
transport current. Therefore, the transport of current across
the metal/semiconductor heterointerface is a temperature-
activated process [22-24]. This can explain very well why
the electron transport at low temperature is dominated by
the current throught the patches of lower Schottky barrier
height, leading to a larger ideality factor. In a model
developed by Werner [22], proposed that such dependence
is originated by Schottky barrier inhomogeneity which
may be caused several interface quality which depends on
various factors such as the surface treatment, the metal and
the deposition process and the surface defects density
[22,25,26]. Furthermore, the surface defects or local
enhancement of electric field can also give a lateral
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reduction in the Schottky barrier height. This allows to
inhomogeneities in the transport current.
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Fig.2 Temperature-dependence of the apparent barrier
height and ideality factor

The series resistance is an important parameter of
Schottky diodes. The series resistance can be evaluated
from the forward bias current-voltage data using the
methode developed by Cheung and cheung [27]. It is given
according to :

d(d::ﬂ_'- =IR.+ 1 (%] ®)

As shown, Rs have been obtained from the slope of the
dv/dLnl versus | at a fixed temperature. Whereas nkt/q
corresponds to the y-axis intercept. It has been found that
the series resistance decreases with increasing temperature
(see Fig.3). It is worth to mention that the variation of R;
with temperature may be due to the factors responsible for
the increase in ideality factor and the lack of free carrier
concentration at low temperature [28].
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Fig.3 Temperature dependence of the series resistances

The ideality factor of the Schottky barrier diode with a
distribution of low Schottky barrier height may increase
with decreasing temperature [29-32]. The plot of the
experimental apparent barrier height (®.) versus the
ideality factor (5) of the (Mo/Au)/AlGaN/GaN Schottky
diode is illustrated in Fig.4. It is also observed that two

linear regions between @,, and n values of the
(Mo/Au)/AlGaN/GaN SBD, which can be explained by
the lateral inhomogeneities of the barrier heights [31,33].
We will use Tung [30] theoretical approach that found a
linear correlation between the experimental zero-bias
Schottky barrier height and ideality factor. In the first
region 275-500 K, the extrapolation of the experimental

barrier heights versus ideality factor for n = 1 gives a
homogenous barrier height of 1.85 eV. In the second
region 125-275 K, the extrapolation of the experimental
barrier heights versus ideality factor for n = 1 gives a

homogenous barrier height of 0.56 eV. It should be noted
that the decease of the zero-bias barrier height and
increase of the factor ideality especially at low temperature
may be caused by the barrier inhomogeneities.
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Fig.4 The apparent barrier height as a function of the
ideality factor

The abnormal deviations of  current-voltage
characteristics of a Schottky diode has been attributed to a
lateral distribution [22, 32, 34,35]. The Werner’s model
[22] is the most commonly used to study the Gaussian
distribution of barrier heights which varies around a mean
value @,5. According to this Gaussian distribution, the

expression of the barrier height is given by [36] :

P, = Ppg(T=0)— & (6)

where o, is the zero bias standard deviation of the
Schottky barrier height distribution. The temperature
dependence of oy is usually small and can be neglected
[37]. For the ideality factor 5, and based on the Gaussian
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distribution model, an inverse proportionality as a function
of temperature can be shown by using the expression [22] :

1 - _ oapes
1= —p27 71 (7)

here n,, is the apparent ideality factor, p, is the voltage
coefficient of the mean SBH and p; is the voltage
coefficient of the standard deviation. The @, and (nt-1)

versus 1/2KT plot is given in Fig.5. According to Eq. (6),
the plot of @, versus 1/2KT should be a straight line with
y-axis intercept corresponding to the mean barrier height

P and the slope give the standard deviation oo The

values of p, and p; obtained from the y-axis intercept and
the slope of the straight lines respectively. The plot of @,
versus 1/2KT exhibits two Gaussian distributions of
barrier heights. So, we have obtained two sets of values for

P, and oy in the temperature ranges 275-500 K and 125-
275 K : in the first region are P,5; = 1.343 eV and oy

= 0.2 V, and in the second region @5, = 0.55 eV and

op2 = 0.084 V. The existence of a double Gaussian in the
metal/semiconductor contacts can be assigned to the
nature of the inhomogeneities themselves [37]. Similary,

as can be clearly seen from Fig.5, the plot of (nt-1)

versus 1/2KT presents two linear regions. The linear
behavior of this plot demonstrates that the 1) is related to
the voltage deformation of the Schottky barrier height. The
values obtained for p, and ps are respectively : 0.18 V and
-0.092 V in temperature range 275-500 K and 0.221 V and
—0.006 V for temperature ranging from 125-275 K. It
should be noted that the extracted values of the standard
deviation and the mean barrier height indicates the
presence of potentiel fluctuations at the interface and the
interface inhomogeneities.
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Fig.5 The apparent barrier height and ideality
factor versus 1/2KT

To explain these discrepancies according to the
Gaussian distribution of the barrier height, we can rewrite,
Eq. (1) combined with Eqg. (6), under the form :

Ln ('\-]FI:;J - :‘:J};:UEE =Ln (AA") — 9 #be (®)

KT
. . Ly q: -:E.
Fig. 6 depicts the plot of [Ln [T:] T

versus 1000/T. Liner fitting of the curve gives the
Richardson constant A" and the mean barrier height ;.
This plot should give a straight line with slope directly
yielding the 'GP_h,;. and the intercept (Ln AA") at the

ordinate determining A" for a given diode area A. The
relevant values are 0.877 eV and 27.65 Acm™?K? in the
temperature 275-500 K and 1.02 eV and 11.37 Acm?K™
as temperature varies between 125 and 275 K. It should be
noted that the values of the Richardson constant are close
to the theoretical value 26.4 Acm™?K™ for n-GaN [38]. The
experimental Richardson constant has different values for
the different temperature range is most likely due to the
inhomogeneity in the barrier.
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The thermionic field emission (TFE) is considered as
the phenomena responsible for the excess currents
observed in the Schottky barrier. If the current transport is
monitored by the TFE theory, the relation between the
current and voltage can be expressed as [19] :

I=1, exp(qv] 9)

LE,

with :

E; = Eycoth (qE"“] — KT

KT / q (10)
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where Egq is the characteristic tunneling energy that is
related to the tunnel effect transmission probability and is
given by :

Eop = i ( x_d:__] _ (11)

where h is the Plank’s constant, € is the dielectric

constant, m," is the electron effective mass and Ng is the
carrier concentration. Egq is found to be about 0.0076 eV.
When considered the bias coefficient of the barrier height
(B), Eq. (10) can be written as [39,40] :

p— El:"

Newn = Friio @) (12)

Fig.7 shows the ideality factor as a function of
temperature for the case when the current throught the
Schottky junction is dominated by the TFE. A best fit of
the ideality factor is achieved for Egy = 21.8 meV.
Whereas p = 0, it is found that there is a substantial
consistency between the experimental and theoretical
characteristics. The possible origin of the high
characterisctics energy values Ey is connected with the
transmission probability, characterizing the electric field at
the surface of the semiconductor to a given applied bias
[7,30]. Consequently, any mechanism which enhances the
state density or the electric field at the semiconductor will
increase the thermionic field emission well as Eqy. Given
that the improvement of the transmission probability may
be due to local improvement of electric field, it can also
enable a local reduction of the barrier height [41,42]. In
our case, we awarded the dominance of TFE can be linked
to the Gaussian distribution of the barrier height.
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Fig.7 Theoretical temperature dependence of the ideality
factor.

4. Summary

In the present work, we have investigated the
electrical transport characteristics of (Mo/Au)/AlGaN/GaN
Schottky diode. The electrical behavior of the transistor

devices is characterized by using |-V measurements. As
has been shown, the ideality factors increase and the
decreasing trend of the barrier height with a decrease in
temperature. The temperature dependence of barrier height
and ideality factor has been explained based on the
thermionic émission with the assumption of double
Gaussian distribution of the barrier heights at the interface.
In addition, we suggest that the current through the
junction is also influence by the TFE mechanism.
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