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AlGaN/GaN/Si HEMTs have been investigated using current-voltage-temperature and 

CDLTS measurements.As has been found from current voltage measurements, parasitic 

effects were revealed indicating the presence of traps in HEMT device. As a result, the 

origins of traps are determined from CDLTS experiments. 
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1. Introduction  
 

AlGaN/GaN high electron mobility transistors are outstanding candidates for high-power, 

high-temperature, high-frequency, high-voltage, medical detection, and environmental monitoring 

applications.
[1-7]

III-V nitride materials have attract attention due to the wide band gaps, high 

breakdown voltages, high electron saturation velocity, strong radiation resistance, and stable 

chemical properties. 
[8-13]

In addition, the AlGaN/GaN HEMT devices have high power densities, 

an efficient carrier transport as well as a strong spontaneous and piezoelectric polarization 

fields.
[13,14] 

Owing the latter feature,a two-dimensional electron gas is formed at the AlGaN/GaN 

heterointerface with a high charge density, high mobility and sensitive to the change of surface 

charges.
[15,16]

However, due to etched the AlGaN barrier layer, electron transport characteristics 

have affected by interface states in HEMT devices. 
[17,18]

 But there remain problems will affect the 

device reliability and performance such as current collapse,
 [19,20]

  leakage current 
[21,22]

  and 

defects.
 [23-25]

 

Surface passivation is solution to reduce the limitation of HEMT transistors like SiO2/SiN, 

Si3N4, Al2O3, SiNx, MgO or Sc2O3 and SiO2. 
[23,26-29]

 For instance, passivation SiO2/SiN with 

pretreatment reduces the electron traps, gate-lag, drain-lag and improves the electron transport as 

well.
 [23]

Also, N2 plasma treatment improves the ohmic contacts and surface morphology by 

reducing the N2 vacancies. 
[30]

 

In the present work reports on a study of passivated AlGaN/GaN/Si HEMTs using 

conductance deep-level transient spectroscopy. The nature and location of the observed traps will 

be presented. For the same HEMT structure, we have also investigated the static characteristics at 

output. In order to explain the origin of the traps, an attempt to correlate all of the results. 

 
 

2. Experiments  
 
The AlGaN/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 
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AlN/AlGaN buffer, a 1.8 µm undoped GaN channel, a 23 nm thick of undoped Al0.26Ga0.74N 

barrier and a 1 nm n
+
- GaN cap layer. 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/Si HEMTs are passivated by 100 nm SiO2. Static and transfer 

characteristics of the AlGaN/GaN/Si HEMTs is carried out by (I-V-T) measurements with use of 

an HP 4156. Conductance deep-level transient spectroscopy has been used as a technique to 

characterize the traps in the device. Measurements were recorded in the 77 – 600 K temperature 

range from liquid N2. CDLTS under gate pulse is more suitable for study of the AlGaN/GaN/Si 

heterostructures because it allows to investigate the deep levels in the buffer layer and the gate 

area. 
[31]

 

 
 
3. Direct-current characteristics  
 

Static measurements (Ids-Vds-T) have been performed on the samples prepared at different 

temperature. Figure 1 shows the drain-currentas a function of drain-to-source voltage at different 

bias voltageVgs. It is found that the drain-current decreases going from 0.014 A at 100 K to 0.002 

A at 500 K. In addition, degradation of drain-current is given in figure 1a, b and c. the decrease of 

the drain-current may be due a thermally activated effect. This proposal of explanation agrees well 

with the presence of deep level in the surface states and the barrier layer. 
[31,32]

 On the other hand, 

we have noted the presence of the hysteresis effect (see figure 1 a), the kink effect (see figure 1 b) 

and leakage current (see figure 1 c). It is found that the hysteresis effect reveal a decreased current 

in order to pinch-off the channel.  
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Fig. 1.Direct-current characteristics of the AlGaN/GaN/Si HEMTs at different Vgs 

and various temperature. 
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The latter behavior is due to the charge accumulation at the AlGaN/GaN heterointerface. It 

can be seen that the built-in negative charge increases either in the GaN layer or in the AlGaN 

barrier. In addition, the negative accumulated charge is assigned to the electron injection from the 

gate into the AlGaN barrier layer through a trap-assisted tunnelling mechanism. 
[33-35]

As also 

shown (see figure 1 a and b), a spectacular variation of the output conductance, named kink effect. 

The kink effect is due to the presence of traps in the structure, the pinch-off voltage shifts and the 

increase carrier density in the 2DEG. 
[32,36]

Figure 1c shows a large leakage current at T = 500 K. It 

is worth noticing that the leakage current may be explained by the channel temperature changes 

due to the self-heating of the AlGaN/GaN/Si HEMTs. However, the leakage current origin is 

found to be edge leakage currents or deep level impurities. 
[37,38]

 It should be noted that the leakage 

current are dominated by the electron trap state emission near the AlGaN/GaN interface.
[37]  

This 

implies that this leakage current is related to the presence of dislocations in the GaN layer grown 

by MBE.
[22,38] 

The transfer characteristics (Ids-Vgs-T) of the AlGaN/GaN/Si HEMTs are found to study 

the threshold voltage. Figure 2 shows the drain-current as a function of gate-source voltage at 300 

K. The transfer characteristics at different temperature as illustrated in the inset of Figure 2. The 

threshold voltage shift is determined from linear extrapolation of the drain-current versus gate-

source-voltage to zero current. The relevant values are listed in Table 1. As can be seen, the 

threshold voltage variation of AlGaN/GaN/Si HEMTs are found to cause by deep levels associated 

with electrically active defects in the AlGaN/GaN heterostructures.
[38]   
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Fig. 2. Transfer characteristics of the AlGaN/GaN/Si HEMT devices. 

 

 

Table 1.Threshold voltage of the AlGaN/GaN/Si HEMTs. 
 

Temperature (K) 100 200 300 400 500 

Vth (V) -4.55 -4.34 -4.14 -3.93 -3.73 

 
 
4. CDLTS measurements 
 

Conductance deep-level transient spectroscopy measurements have been performed on 

AlGaN/GaN HEMTs. Figure 3 shows the CDLTS signal of AlGaN/GaN/Si HEMTs. As can be 
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noticed, the spectrum is composed of three defects, labeled A1-A3. The signatures of these defects 

are determined from the Arrhenius plot and illustrated in the inset of Figure 3. 
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Fig. 3.CDLTS spectra of the AlGaN/GaN/Si HEMTs. The inset shows the signatures of the traps. 

 

 

The trap A1 is found to have an energy level at 0.24 eV and a capture cross section of 8.3 

x 10
-16

 cm
2
.It is worth noticing that this trap is similar to that reported by Fang et al. 

[40]
 in n-GaN 

grown by hydride vapor phase epitaxy (HVPE) using deep-level transient spectroscopy (DLTS) 

measurements. The same trap is also observed by Mosbahi et al.
[23,41]

 in a previous works for an 

MBE grown AlGaN/GaN/Si. This trap is expected to be a complex involving a pair of Ga- and N– 

vacancies and located at the AlGaN/GaNheterointerface. 

The trap named A2 has an energy located at 0.31 eV and a capture cross section of 5.89 x 

10
-17

 cm
2
. To our knowledge, it seems that this trapping is observed for the first time in our 

CDLTS measurements after gate pulse. This trap can be attributed to dislocation localized in the 

AlGaN barrier.
 [42] 
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Fig. 4.CDLTS spectra of the AlGaN/GaN/Si HEMTs at different tp. 
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The deep trap A3 is characterized by an ionization energy of 0.51 eV and a capture cross 

section of 4.07 x 10
-17

 cm
2
. This trap was detected by Gassoumi et al.

[43] 
in AlGaN/GaN 

heterointerface, also by Mosbahi et al.
[23]

. The same trap is observed by Sin et al.
[44] 

in  

AlGaNSchottky diodes. As has been advanced, this traps is assigned to an N-antisite from AlGaN 

barrier. 

To determine the traps nature, we have carried CDLTS measurements as function of pulse 

time. Figure 4 shows the CDLTS signal at different tp. In addition, we have noticed the presence of 

the same traps. It is worth noticing that the traps A1 and A2 are punctual defects. Then, trap A3 is 

an extended defect. 

 
 
5. Conclusion 
 

In the present work, we have investigated the transport properties of AlGaN/GaN/Si 

HEMTs. The electrical behavior of the structure is characterized by using current-voltage and 

CDLTS measurements. As has been shown, parasitic effects explainsby the presence of deep 

levels in the transistor device. As a consequence, CDLTS is used to characterize deep levels. This 

leads to show the relationship between the anomalies in the I-V-T characteristics and CDLTS 

measurements have been estabilished. 
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