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In this work we investigate AlGaN/GaN HEMTs structures grown by Low Pressure Metal Organic Chemical Vapour 
Depostion on SiC substrate. The aim of our work is to study anomalous behavior of the performance results of the 
characteristics I-V and C-V of (Mo/Au)-AlGaN/GaN HEMTs structure at room temperature. The experimental data were 
analyzed considering different current-transport mechanisms, such as thermionic emission, generation-recombination, 
tunneling and leakage currents. The barrier height (   ), ideality factor (n) and series resistance (Rs) of (Mo/Au)-AlGaN/GaN 

HEMTs have been calculated from their experimental forward bias current-voltage-temperature (I-V). The capacitance-
voltage (C-V) of (Au/Mo)-AlGaN/GaN HEMTs were investigated at room temperature. 
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1. Introduction 
 

In recent years, the AlGaN/GaN high electron 

mobility transistors (HEMTs) are excellent candidates for 

high power electronics and high temperature applications, 

due to its wide band gap, high thermal stability, and high 

breakdown voltage [1]. The associated AlGaN/GaN 

HEMT structure further features relatively high electron 

mobility due to the existence of the two-dimensional 

electron gases (2DEGs) [2]. SiC, however, has a higher 

thermal conductivity (4.9 W·cm
−1

K
−1

) and presents a 

smaller lattice mismatch to GaN, therefore it is a more 

appropriate choice of substrate for high power applications 

[3]. The Schottky barrier height of the gate electrode is an 

important parameter for device performance. A large 

barrier height leads to small leakage currents and higher 

breakdown voltage which results in the improved noise 

and power performance of HEMTs [4]. The properties of 

the semiconductor-metal interface are, in turn, largely 

dependent on the preparation of the semiconductor surface 

before metallization [5]. At the metal-semiconductor 

interfaces, Schottky barrier heights (SBHs) are much more 

dependent on the metal work function than other III-V 

materials [6]. Although the SBH depends on the 

measurement technique,    (C-V) is in general greater 

than    (I-V) [7]. 

This work is an attempt to investigate the anomalous 

behavior of some Au/Mo/AlGaN/GaN/SiC structure using 

the I-V and C-V measurements. 

  

 

An anomalous step was observed in the forward 

characteristic of the (Mo/Au)-AlGaN/GaN HEMTs. This 

phenomenon is explained in terms of the presence of two 

surface phases each having different barrier heights and 

area [5], and can be mathematically fitted using a simple 

model called “Two SBH” rectifier in which two Schottky 

barriers (one high and one low) are connected in parallel 

[8]. The data obtained were fitted considering various 

current-transport mechanisms, such as thermionic 

emission, generation-recombination, tunneling and leakage 

currents. 

 

2. Experimental details 

 

The layers used in this study were grown by 

LPMOCVD on SiC substrate. The epitaxial structure is 

composed of a buffer layer, an undoped 1.2 µm GaN layer 

and an undoped 25 nm Al0.28Ga0.27N barrier layer. 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. Mushroom-shaped Mo/Au 

gate contacts with Lg = 30 µm gate-length were fabricated 

using electron-beam lithography. Schematic diagram of 

AlGaN/GaN HEMTs is shown in Fig. 1. (a) and (b). 

 The devices are passivated with SiO2/SiN (50/100 

nm) using plasma enhanced chemical-vapor deposition 

(PECVD). After passivation opening, the thick 

interconnection Ti/Pt/Au metallization is evaporated.  
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Fig. 1. (a): Schematic of AlGaN/GaN HEMTs  

(b): AFM images of HEMTs. 

 

The current-voltage (I-V) measurements were 

performed by the use of a HP4155B semiconductor 

parameter analyzer and the capacitance voltage (C-V) 

measurements were performed at 1 MHz by using a 

KEITHLEY test system 590 CV Analyser. 

 

 

3. Experimental results and discussion 
 

3.1. Current-voltage characteristics 

 

We analyze the experimental I-V characteristics by 

the forward bias thermionic emission theory given as 

follows [9]: 
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Where ITE0 is the saturation value of the thermionic 

current, Rs is the series resistance, S is the device area, q is 

the electron charge, T the temperature, A* is the effective 

Richardson constant (     
   ⁄  A cm
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-

2
),    

         effective mass of the electron;     is the free 

electron mass;             interfacial layer 

thickness,            mean barrier height presented by the 

thin interfacial layer, k is the Boltzmann constant, and the 

effective barrier height      is given by:   
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The ideality factor n is calculated from the slope of 

the linear region of the forward-bias I-V plot and can be 

written, from equation (1), as [10]: 
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The currents existing in the structure can be described 

in general, as a contribution of the following mechanisms: 

thermionic emission (   ), the generation-recombination 

(   ), tunneling (   ) and leakage current (   ). Thus, the 

total current can be expressed as: 
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Where     ,      and      are the particular components at 

zero bias,      is a parameter dependent on barrier 

transparency. As suggested by Padovani and Strattson 

[11]: 
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   is the permittivity of the semiconductor (  =ε0 εr). ε0 

is the free-space dielectric constant and εr is the relative 

dielectric constant of barrier. 

Finally, the leakage component of the current is given 

by: 

 

                    
     

  
                                                    (9)                                                                 

 

   is the shunt resistance which represents the 

inhomogeneities and defects at the metal-semiconductor 

interface. 

The forward bias gates I-V characteristics of 

(Mo/Au)-AlGaN/GaN HEMTs is shown in Fig. 2 at 

temperature 300 K. We observe the presence of two 

slopes, a phenomenon was already observed by Morrison 

et al. [5] and Defives et al. [8], indicates the presence of 

two diodes. The first diode D1 (low SBH) has a surface 

smaller than other diode D2 (high SBH). 

The saturation current (Is), ideality factor (n) and 

series resistance (Rs) determined from the characteristic 

are respectively: 1.1×10
-7

 A, 1.57, 800 Ω for low SBH and 

4.6×10
-10 

A, 7.34, 72 Ω for high SBH. 
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Fig. 2. Experimental forward bias I-V characteristic  

of (Mo/Au)-AlGaN/GaN HEMTs. 

 

We made an analytical model for the I-V 

characteristic with different currents. Fig. 3 shows the 

effect of the thermionic, current, the generation-

recombination current, leakage current and the tunneling 

current on the final relationship.  

The parameters chosen for a data fit at 300 K were 

     = 10
-21

 A,      = 10
-12 

A for Rs = 72 Ω,                               

     = 10
-7 

A for Rs = 800 Ω, Rp = 4×10
7
 Ω, E0 = 80 meV. 

It was noted that the theoretical curve coincides with the 
experimental curve. The first diode is simulated by a 

tunneling current with E0 =80 meV and a leakage current 

with series resistance Rs = 800 Ω and shunt resistance        

Rp = 4×10
7 

Ω. The other diode is simulated by a 

thermionic currentITE0 = 10
-21

 A and a generation-

recombination current IGR0 = 10
-12

 A with series resistance 

Rs = 72 Ω. 

Fig. 3. Experimental and theoretical current-voltage 

characteristics of (Mo/Au)-AlGaN/GaN HEMTs. 

 

The value of E0 indicates the presence of a doping 

concentration ND = 3.9x 10
19

 cm
-3

 this value is very high 

that the value of the doping of the AlGaN layer, therefore 

the tunneling current is assisted by defects. 

 

3.2. Capacitance-voltage characteristics 

 

Fig. 4 shows the C-V measurements at 1 MHz and at 

room temperature for the (Mo/Au)-AlGaN/GaN HEMTs. 

 

The threshold voltage Vth (defined by a linear 

extrapolation of the capacitance curve versus voltage to 

zero capacitance) is Vth = -5, 19 V. The 2DEG sheet 

carrier density n2DEG is given by: 
 

                 ∫
          

  
          )              (10)                            

 

Where q is the electron charge and S is diode area. The 

value of the density of gas evolved from the curve C-V is 

of the order of 1.1 × 10
13

 cm
-3

.  

The presence of an negative slope (0 - 0.5 V) this 

involves an interface state density of acceptors type at the 

AlGaN/GaN interface, phenomenon observed by Osvald 

[11]. 

Fig. 4. Experimental C-V characteristics of  

(Mo/Au)-AlGaN/GaN HEMTs at T = 300 K. 

 

In Fig. 5, the 1/C
2
 data followed with two straight 

lines. The doping concentration is calculated from the 

slope in the 1/C
2
 plot using equation (11): 

 

           
 

   
       )

                                       (11)     

 

Where VR is the reverse bias voltage, V0 the diffusion 

potential, q the electronic charge, S is the surface of the 

Schottky contact and ND the doping concentration. In 

addition, we have determined the net doping concentration 

ND and the barrier height     from the plot of 1/C
2
 as a 

function of gate voltage (Fig. 5).We found                                   

ND = 4.8 x 10
17

 cm
−3

 and     = 1.63 eV (for first slope) 

and ND = 3.09×10
18

 cm
−3

 and     = 2.7 eV (for second 

slope). The AlGaN layer present an first doped layer                 

ND = 4.8 x 10
17 

cm
−3

 and an second doped layer                         

ND = 3.09×10
18

 cm
−3

. 
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Fig. 5. 1/C2-V plot of (Mo/Au)-AlGaN/GaN HEMTs. 

 

The carrier concentration profile Nc-v are determined 

by C-V measurements performed at room temperature on 

the (Mo/Au)-AlGaN/GaN HEMTs. We have deduced the 

carrier concentration profile Nc-v versus the space charge 

depth W in the heterostructure according to the following 

relation [12]: 
 

                           
  

    
      ⁄ )

                           (12)    

                     

and                                
  

 
                                      (13) 

                                                           

Fig. 6 shows the distribution of carrier concentration 

profile, it exhibits a peak at 36 nm below the surface 

corresponds to the location of the 2DEG channel formed at 

the AlGaN/GaN heterostructure [13]. The carrier 

concentration profile is found to be 3.84×10
18

 cm
-3

.  

Fig. 6. Profile of the carrier concentration versus the depth W. 

 

3.3. Interface states density characteristics 

 

The density distribution of the interface states Nss in 

equilibrium with the semiconductor can be determined 

from the forward bias (I-V) data by taking the voltage 

dependent ideality factor n(V) and barrier height      into 

 account. The quantities of n(V) can be described as in the 

following equations, respectively [14]: 
 

                   
 

  
[
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For a diode, the ideality factor n becomes greater than 

unity as proposed by Card and Rhoderick [15]: 

 

                 )    
 

  
[
  

 
     ]                 (15)    

                                             

Where εi is the permittivity of the interfacial layer, 

respectively, δ is the thickness of insulator layer, W the 

width of the space charge region and Nss the density of the 

interface states. The value of W was calculated from 

reverse bias C
-2

 vs. V plot as in the following equation: 
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In addition, in n-type semiconductors, the energy of 

the interface states with respect to the top of the 

conduction band at the surface of the semiconductor is 

given by: 
 

                         (          ))           (17) 
 

Fig. 7 shows the energy distribution profile of Nss 

with and without taking into account Rs obtained from the 

forward bias I-V characteristics of (Mo/Au)-AlGaN/GaN 

HEMTs at room temperature. As can be seen in Fig.7, the 

exponential growth of the interfacial state density is very 

apparent. The energy values of the density distribution of 

the Nss are in the range of Ec-0.25 to Ec-0.79 eV.   

The magnitude of Nss with and without Rs in                

Ec-0.25 eV is 2.36×10
13

 eV
-1

 cm
-2

 and                      
1.38×10

13
 eV

-1
 cm

-2
, respectively. We observe a peak 

located at Ec-Ess = 0.28 eV corresponding to a                                          

Nss = 1.98×10
13

 eV
-1

cm
-2

. So it may indicate the presence 

of a deep level in this energy [16].       

The values of Nss obtained by taking into account the 

Rs are about one order higher than those obtained without 

considering the Rs near the conduction band. Therefore the 

effect of Rs must be taken into account in calculations of 

main electrical parameters such as n,    , and Nss [17]. 

Fig. 7. Energy distribution profiles of Nss as a function of 

Ec-Ess   extracted   from   the   forward  bias  I-V  data  of  

   (Mo/Au)-AlGaN/GaN HEMTs at room temperature. 
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4. Conclusion 
 

The anomalous behavior of the performance results of 

the characteristics I-V and C-V of (Mo/Au)-AlGaN/GaN 

HEMTs structures at room temperature are investigated. 

We noticed the presence of two diodes (one high and one 

low). Electrical measurements data, from I-V analysis, 

indicate, in our I-V model, a contribution of the thermionic 

current, the generation-recombination current, leakage 

current and the tunneling current. The first diode is 

simulated by a tunneling current with E0 = 80 meV and a 

leakage current with series resistance Rs = 800 Ω and shunt 

resistance Rp = 4×10
7 

Ω. The other diode is simulated by 

the thermionic current ITE0 = 10
-21

 A and the generation-

recombination current IGR0 = 10
-12

 A with series resistance 

Rs = 72 Ω. From (C-V) experiment curve, we observed an 

negative slope this involves an interface state density of 

acceptors type at the AlGaN/GaN interface. The values of 

Nss obtained by taking into account the Rs are about one 

order lower than those obtained without considering the 

Rs. Therefore the effect of Rs must be taken into account in 

calculations of main electrical parameters such as    , n, 

and Nss. We observe a peak located at Ec-Ess = 0.28 eV 

corresponding to an Nss = 1.98×10
13 

eV
-1

cm
-2

. 
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