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Abstract: In this paper, we have studied the Schottky contact of Ni/Au/AlInN/GaN HEMTs. The current–
voltage Igs (Vgs) of Ni/Au/AlInN/GaN structures were investigated at room temperature. The electrical
parameters such as ideality factor (2.3), barrier height (0.72 eV) and series resistance (33 Ω) were evaluated
from I(V) data, the threshold voltage (-2.42 V), the 2D gas density (1.35 × 1013 cm-2) and barrier height
(0.94 eV) were evaluated from C(V) data. Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction

2. Technology

In recent years AlInN semiconductor layer
have been extensively studied and used
in semiconductor devices like high electron mobility
transistor (HEMTs) because of their excellent
performances in high frequency and high power [1,
2]. AlInN was proposed by Kuzmík as an alternative
lattice matched barrier for GaN-based HEMTs [3],
AlInN/GaN HEMTs have been reported to show a
remarkable stability by surviving operation at
temperatures as high as 1000 °C [4]. In this paper, we
report a characterization and modeling I(V) of the
gate Schottky structures HEMTs AlInN/GaN.

The Ni/Au/AlInN/GaN HEMT was fabricated by
Low Pressure Metal Organic Chemical Vapour
Deposition (LPMOCVD) on SiC substrates. The
epitaxial structure is composed of a buffer layer, an
undoped GaN layer, and an undoped Al0.82In0.18N
barrier layer deposited on the top of an AlN spacer.
The ohmic contacts are Ti/Al/Ni/Au stacks deposited
by evaporation followed by an annealing at 900 °C
for 30 s under Nitrogen atmosphere. Schottky
contacts of the gate were carried out by Ni/Au bilayer
evaporation. The device is passivated with SiN using
plasma enhanced chemical vapor deposition. Fig. 1
shows the structure of Ni/Au/AlInN/GaN HEMT.
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to include the contribution of other current transport
mechanisms. Then:
  qV − R s I   ,
I = I TE 0 exp 
 − 1
  nkT  

Fig. 1. Structure of AlInN/GaN HEMT.

The technological properties of the structure
studied are tabulated in Table 1.
Table 1. The technological properties of the HEMT.
Substrate
Buffer layer thickness
Schottkylayerthickness
Spacer layerthickness
x (of Al (%))
Ohmic contact
Gate contact
Passivation

SiC
GaN (1.7 µm)
AlInN (11 nm)
AlN (1 nm)
82
Ti/Al/Ni/Au
Ni/Au
SiN

When a metal–semiconductor (MS) contact with
an interfacial layer is considered, it is assumed that
forward bias current in a Schottky barrier
is due to thermionic emission current ITE corrected by
tunneling, which is expressed as [5]:

 qφ
I TE 0 = SA × T 2 exp − x 0.5 δ exp  − bn
 kT

(

)

(1)
,



(2)

The semi-Ln(I) curve gives by extrapolation up to
zero voltage the current of saturation
A *:
Richardson
constant
(120(m*n/m0));
*
S: diode area; T: temperature; mn effective mass of
free
electron
mass;
the
electron;
m0:
δ: interfacial layer thickness; x mean barrier height
presented
by
the
thin
interfacial
layer;
k : Boltzmann constant; q: electrical charge;
n: ideality factor;

φbn barrier height.

As a refinement of this method the series
resistance Rs and the ideality factor n were introduced
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I tot = I TE + I GR + I TU + I LK ,

  qV − R s I   ,
I TE = I TE 0 exp
 − 1
 
  kT

3. Method of Analysis

,



Rs depends on the thickness epitaxial layer, the
doping concentration and the electron mobility [6].
The Currents existing in the structure are
determined by different physical phenomena such as
thermionic emission (ITE), the generationrecombination (IGR), tunneling (ITU) and leakage
current (ILK), and the total current may be given by
the following relationship
(4)

The thermionic emission component of the
current is:

The dc measurements were carried out using an
HP4155B semiconductor parameter analyzer and the
measurements of capacitance with measuring
instrument "Keithley Test System" at high frequency
1 MHz.

 qV
I = I TE 0 exp 
 nkT

(3)

(5)

where ITE0 is the saturation value of the thermionic
current component ITE; RS is the series resistance, and
I is the total current. Note that writing Eq. 5 it has
been assumed that the ideality factor n=1. This is
necessary because one takes into account the
generation-recombination current IGR, the tunneling
current ITU and leakage current ILK.
The generation-recombination component of the
current is:

  qV − Rs I  
I GR = I GR 0 exp
 − 1 ,
  2kT  

(6)

where IGR0 is the saturation value of the generationrecombination component IGR, with:

I GR =

qSWn i
,
2τ

(7)

where W is the depletion width, ni is the intrinsic
carrier concentration, S is the diode area and τ is the
carrier lifetime.
The tunneling component of the current is:

  qV − Rs I  
 − 1 ,
I TU = I TU 0 exp
 
  E0

(8)

where ITU0 is the saturation value of the tunneling
current component ITU, E0 is a parameter dependent
on barrier transparency. As suggested by Padovani
and Strattson [7]:

E 
E0 = E00 coth 00  ,
 kT 

(9)
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where Nss is the density of interface states; W is the
width of the semiconductor, and ε i is the

With
E 00 =

where

εS

qh
4π

ND ,
ε S m n*

(10)

permittivity of the interfacial layer. The voltagedependent ideality factor n(V) can be expressed as
n (V ) = (q (V − RSI ) / (kT ln (I / I s ))) .

is the dielectric constant.

Finally, the leakage component of the current is

I LK =

V − Rs I ,
Rt

The expression for the interface state density can be
given as:

(11)

N ss =

where Rt is the parasite resistance which represents
the inhomogeneities and defects at the metalsemiconductor interface.

4. Results and Discussion
In this part we present the different electrical
parameters determined from the current-voltage and
the capacitance voltage characteristic of the structure
Ni/Au/AlInN/GaN.
The gate current Igs (Vgs) of the
Ni/Au/AlInN/GaN HEMT is illustrated in Fig. 2. The
transistors
has
a
linear
characteristic
up to 1.5 V, beyond the effect of the series resistance
appears.
The saturation current (Is), barrier height a φbn ,

( )

ε 
1  εi
 (n(V ) − 1) − s  ,
qδ
W

(13)

In the n-type semiconductor, the energy of the
interface states Ess with respect to the bottom
of the conduction band at the surface of the
semiconductor is given by [12]:

Ec − Ess = q(φbn − (V − IRs )) ,

(14)

The I(V) characteristic in a Schottky diode is used
to evaluate the surface state density Nss,
Fig. 3 represents the energy density distribution
profile of the Au/Ni-AlInN Schottky diode. As can be
seen the Nss values obtained taking the series
resistance values into account are lower than those
obtained without considering the series resistance.

ideality factor (n) and series resistance (Rs)
determined from the characteristic are 3.47×10-10 A,
0.72 eV, 2.3 and 33 Ω, respectively.
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Fig. 3. The energy density distribution profile
of the Au/Ni-AlInN Schottky diode.
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Fig. 2. Gate leakage current Igs(Vgs) of the HEMT.

According to Card and Rhoderick, for a real
Schottky
diode
having
interface
states
in equilibrium with the semiconductor, the ideality
factor n becomes greater than unity and is given
by [8-11]:

n(V ) = 1 +

δ εs

 + qN ss  ,
εi W


(12)

We note that the density of interface state
increases when approaching the conduction band
structures for taking into account the series resistance
Rs. By cons when we consider this resistance, we
observe a saturation zone between Ec-Ess = 0.08 eV
and Ec-Ess = 0.31 eV which corresponds to
aNss ≈ 2×1014eV-1cm-2. So it may indicate the
presence of a deep level in this energy [13].
The energy values of the density distribution
of the Nss are in the range Ec-0.285 to Ec-0.68 eV.
As can be seen in Fig. 3, the magnitude of the Nss
without and with taking into account the Rs in
Ec-0.285 eV is 2.52×1014 eV-1 cm-2 and
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160
140

lot of 1/C2 as a function of gate voltage.
We have found ND = 4.6×1019 cm–3.

2,50E+021

Carrier concentration (cm-3)

2.03×1014 eV-1 cm-2, respectively at room
temperature. The Nss values obtained with
considering the series resistance are lower than those
obtained taking the series resistance values into
account. The above explanation shows that the series
resistance value should be taken into account in
determining the interface state density distribution
curves.
Fig.
4
shows
the
capacitance-voltage
characteristic of the Ni/Au/AlInN/GaN HEMT.
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Fig. 5. The carrier concentration profile versus the depth W
of the AlInN/GaN HEMT.
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The Table 2 summarizes the electrical parameters
calculated from characteristic I (V) and C (V) for the
structure Ni/Au/AlInN/GaN.

Fig. 4. The capacitance of the AlInN/GaN HEMT.
Table 2. The electrical parameters of AlInN/GaN HEMT.

The threshold voltage VTH (defined by a linear
extrapolation of the capacitance curve versus voltage
to zero capacitance) is -2.42 V. The 2DEG sheet
carrier density n2DEG is given by:
ns = 

c gaz 2 D dv
qA

(V : 0 − Vth ) ,

(15)

where q is the electron charge and A is the diode area.
The 2DEG sheet carrier density calculated from the
C–V curve integration was 1.35×1013 cm-2. We
have deduced the carrier concentration profile Nc-v
versus the space charge depth W in the
heterostructure according to the following relation:
2(VR + V0 ) ,
1
=
c 2 qε r ε 0 N D S 2

(16)

and
W =S

ε rε 0 ,
c

(17)

where VR is the reverse bias voltage; V0 is the
diffusion potential; q is the electronic charge; ε0 is the
free-space dielectric constant; εr is the relative
dielectric constant of InAlN barrier, and ND the
doping concentration.
The results are plotted in Fig. 5. It exhibits
a strong peak of a carrier density equals
to 2.41×1021 cm-3 corresponding to the presence of a
gas (2DEG) at the interface InAlN/GaN.
The position of this peak proves that InAlN layer
thickness is about 11 nm. In addition, we have
determined the net doping concentration ND from the
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I(V)

C(V)

Is (A)
n
(eV)
Rs (Ω)
Vth (V)
N2D (cm-3)

3.47 × 10-10
2.3
0.72
33
-2.42
1.35 × 1013

To conclude the experimental part, we find that
the AlInN material indicates the presence of a 2D gas
larger than the AlGaN material; so this is a promoter
material. Remains to improve the technology of
metal to minimize the current flows in reverse.

5. Modeling of I (V) Characteristics
As example, the fitting result for the data
measured on the Ni/ Au/AlInN/GaN Schottky diodes
at room temperature are shown in Fig. 6, a good
agreement between the experimental and calculated
curves was obtained for the following values
Rs = 33 Ω, Rp = 5×107 Ω, E0 = 78 meV with
ND = 4.6×1019 cm-3 which corresponds to de doping
of de layer GaN and Vd = 1.11 V.
Fig. 7 shows the experimental and theoretical
characteristic I(V) according to the contribution
of each current.
An impact of the individual current components
can be summarized as follows:
• The thermionic current is significantly lower than
the measured total current, mainly at lower bias
voltage.
• The generation-recombination current can be
neglected for all bias voltage used.
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• The tunneling current dominated for the entire
range of polarization.
• The leakage current can be observed
for voltage lower than 0.25 V.
These results support an assumption that the
dominant current mechanism in Ni/Au/AlInN/GaN
Schottky diodes is the tunneling current governed by
dislocations.
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Fig. 6. Characteristics I(V) experimental and theoretical of
the Ni/Au/AlInN/GaN structure.
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Fig. 7. Characteristics I(V) following experimental and
theoretical contribution of each current of the
Ni/Au/AlInN/GaN structure.

6. Conclusion
In summary, we have investigated measurements
on AlInN/GaN grown by LPMOCVD current–
voltage characteristics; We have studied the Schottky
contact of Ni/Au/AlInN/GaN transistor. The current–
voltage Igs(Vgs) of Ni/Au/AlInN/GaN structure were
investigated at room temperature. The AlInN HEMT
has a reverse current (I = 3.47×10-5A). The electrical
parameters such as ideality factor (2.3), barrier
height (0.72 eV) and series resistance (33 Ω) were
evaluated from I–V data. The value of the density of
gas evolved from the curve C (V) is of the order of
(1.35×1013 cm-2). The characterization and modeling

I(V) of the gate Schottky structures have been
analyzed and discussed.
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