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Deep centers in AlGaN/GaN high electron mobility transistors (HEMTs) on SiC substrate have been characterized by 
capacitance deep level transient spectroscopy (DLTS) and conductance deep level transient spectroscopy (CDLTS). These 
measurements reveal the presence of three kinds of electron defects E1, E2 and E3 with activation energies of 0.52, 0.29 
and 0.09eV, respectively and a hole-like trap HL1 with activation energy 0.905eV. The conductance DLTS using a gate 
pulse, shows an additional trap HL2, located at the surface. The localization and the identification of these traps are 
presented. Finally, these experimental results demonstrate the complementarities of these two techniques. 
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1. Introduction 
 
AlGaN/GaN HEMTs become the promising solid-

state high power in high temperature and high frequency 
microwave devices thank to the high breakdown field and 
high carrier velocity of the GaN material[1-4]. Good 
results have been achieved during recent years in GaN 
based HEMTs[1-7]. In order to obtain the highest 
microwave performances of the wide band-gap devices, 
SiC is commonly chosen as the substrate of choice for its 
good thermal conductivity, small lattice mismatch and 
small thermal expansion coefficient difference with 
GaN[2,8]. Besides, a large number of layer structures and 
devices have been designed to improve the performance of 
these devices [1,8-10]. 

In the recent several years, the research on GaN 
HEMTs has attracted much attention and remarkable 
achievements have been made. However, there are still 
some problems unsolved in the production of GaN-based 
devices. The existence of dispersion effects observed in 
wide-bandgap devices has limited the initial expectations 
(power performances, reliability). The considerable list of 
advantages attributed to devices based on group-III 
nitrides in the last decade, due to their excellent properties, 
is partially limited by these negative effects.  

The presence of trapping centers in AlGaN/GaN 
HEMTs, related to surface, material, and/or interface 
states, has been considered as the main cause of these 
effects [11, 12], already studied in other technologies. 
Some of the observed effects are threshold voltage shift 
[13,14], current collapse[15], reduction of short channel 
effect[14], light sensitivity[13], transconductance 

frequency dispersion, gate-lag and drain-lag transients[16], 
and limited microwave output power [16-17]. 

A number of research efforts have been directed 
toward identification and elimination of the trapping 
effects in AlGaN/GaN transistors. These studies have 
utilized several different characterization techniques, 
including photoionization spectroscopy[18]; drain leakage-
current measurements[19], transient drain current 
measurements at different temperatures[20], current-mode 
deep level transient spectroscopy (DLTS)[21], and 
capacitance mode DLTS. In the present investigation, we 
have employed conductance and capacitance deep level 
transient spectroscopy modes (CDLTS and DLTS 
respectively).  

In this paper, we summarize results obtained by 
Conductance (CDLTS) and (DLTS) deep level transient 
spectroscopy. Finally, the complementarity of these two 
techniques is presented.  

 
 
2. Experimental 
 
The layer used in this study was grown by metal-

organic chemical vapour deposition (MOCVD) on SiC 
substrate. The epitaxial layer structure contains an AlN 
nucleation layer 1µm of GaN buffer, 5 nm AlGaN 
undoped, 20nm AlGaN Si doped 317105 −× cm  followed 
by 5nm of AlGaN undoped capped by 1nm of GaN. The 
Al mole fraction in all AlGaN layers was nominally 22%. 
The device processing consisted of mesa isolation using 
ECR-RIE followed by ohmic and Schottky metallisations. 
Ohmic contacts were prepared by evaporating Ti/Al/Ni/Au 
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multilayer and rapid-thermal annealing at 850°C in an N2 
atmosphere for 30 s. The ohmic contact resistance of 

mmΩ− 4.02.0  was measured on TLM patterns. The 
Schottky contacts consisted of a thick Ni layer covered by 
Au layer and patterned by e-beam lithography. The 
ideality factor of this contact is 1.8 associated with a ΦB of 
0.8eV. The devices studied had gate width of mμ100 . 

The drain source current transient was recorded using 
a numerical multimeter (HP 34401 A) and then, was 
treated numerically using the Lang method as in classical 
capacitance DLTS[48]. The measurements were carried 
out between 77K and 600K in a nitrogen cooled cryostat.   

 
 
3. Results and discussions 
 
3.1. Static measurements 
 
Drain-source current voltage (Ids–Vds–T) 

measurements as a function of gate voltage and 
temperature have been performed. Output characteristics 
registered at different temperatures show several parasitic 
effects. The gate negative voltage Vgs was increased in 
order to pinch-off the channel (0to -5V) and to open (-5V 
to 0V). Immediately after, the measurement is done again; 
we observed a large decrease of the drain current for the 
second measurements. An example of this degradation of 
drain current at 250K is given in Fig. 1. We have 
reproduced the same measurements on the same sample 
for a higher temperature (450K). We have observed that 
drain current degradation gets progressively reduced, and 
it has almost disappeared (Fig. 2 and 3). This behavior 
confirms that we are in the case of a thermally activated 
effect. A possible explanation of this degradation in 
current is the presence of deep levels in the barrier layer 
under the gate metal, or deep levels at the interface and/or 
in the buffer layer and surface states. 

 
 

 
 

Fig 1. Typical DC (Ids-Vds) characteristics at T=250K, 
the gate bias has been first increased from 0V to -5V and  
                        then decreased from -5V to 0V.  
 
 
 

Whereas the output characteristics at 300K are nearly 
ideal (Fig. 2), at 450K a spectacular variation of the output 
conductance is noted, known as kink effect. It consists of a 
rapid increase of the drain current in the saturation region 
for a given value of drain voltage (Vkink). This increasing 
in drain current induces an increase in the drain/source 
output conductance (gds) and a decrease in the microwave 
power gain. 

 
 

 
 

Fig 2. Typical DC (Ids-Vds) characteristics at T=300K, 
the gate bias has been first increased from 0V to -5V and  
                   then decreased from -5V to 0V.  
 
 

 
 
Fig 3. Typical DC (Ids-Vds) characteristics at T=450K, 
the gate bias has been first increased from 0V to -5V and  
                     then decreased from -5V to 0V.  
 
 
This gives us a hint that the kink effect were attributed 

to impact ionization coupled either with traps in the 
structure[47], and trapping/detrapping phenomena on these 
centers change the charge density near the surface. Like on 
AlGaAs/GaAs HEMT and in III–V FETs, conductance 
dispersion is generally attributed to surface states or to 
deep level[22-24]. The origin of this effect, however, is 
not as yet clear. 
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Fig 4. Id-Vgs characteristics at T=100K, T=300K and  
T=550K with Vds= 15V 

 
As a conclusion on these first investigations, the drift 

on drain current characteristics presented above can be 
explained by the presence of deep defects near the 
Substrate/channel interface[25]. 

Another parasitic effect is the threshold voltage shift 
with temperature. As displayed in Fig. 4, the threshold 
voltage is -3.39 V at T=100K, -3.71 V at T =300K and -
3.18 V at T =550K. This shift is thought to be caused by 
deep levels associated with electrically active defects in 
the heterostructures.  

In order to study the origin of these different parasitic 
effects in the output characteristics, we have performed 
capacitance (DLTS) and conductance deep level transient 
spectroscopy (CDLTS). 

 
3.2 Capacitance and conductance deep level  
       transient spectroscopy  
 
DLTS measurements were performed at temperature 

between 77K and 600K using boxcar technique. The 
modulation of the space charge region under the gate 
induced by DLTS allows to investigate the traps in the 
barrier layer. The capacitance DLTS spectrum (Fig.5) 
reveals the presence of three positive peaks, corresponding 
to electron emission from different traps called E1, E2 and 
E3, a one negative peak corresponding to hole-like trap 
called HL1.  

 

 
Fig 5. A typical DLTS spectrum showing the presence of 

four levels. 

The apparent activation energies and capture cross-
sections are deduced from the Arrhenius plot of  
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A comparison of the obtained an activation energies 
with the ones reported in the literature allows us to relate 
undoubtedly the electron trap E1. This trap (also labelled 
B, E05 or A5 in the literature) tends to be the most 
prominent electron trap observable by DLTS in n-type 
GaN[26-33]. Hacke et al.[34] and Haase et al.[35] assigned 
this trap to the nitrogen antisite point defect, NGa, on the 
grounds of the results of tight-binding calculations 
determining the deep donor level of NGa at EC − 0.54 
eV[36]. More recent results by Chung et al.[37], showing 
that the E1 trap concentration could be effectively 
suppressed by In doping, support this assignment since 
isoelectronic In atoms, occupying vacant Ga sites in the 
GaN crystal lattice during the growth, result in a lowering 
the density of Ga vacancy-related defects. However, 
several authors revealed that the E1 traps displayed the 
logarithmic capture kinetics [38] and that their 
concentration increased with the increase of dislocation 
density[39], and concluded that the traps were associated 
with dislocations themselves or were created during the 
dislocation generation process.  

 

 
 

Fig 6. Arrhenius plot for the deep levels observed in the 
AlGaN/GaN/SiC HEMTs. 

 
 
The hole-like trap signal HL1 appearing around 

KT 432=  has been investigated by Gassoumi et al 
using CDLTS under gate pulse when Vgs switching from 
0V to -2V at Vds=4.5V [25] (Fig. 7 and Fig.8). Polyakov 
et al.[40] have shown recently the existence of hole-like 
traps. They suggested that this centre is the deep acceptor 
responsible for the donor–acceptor pair and yellow 
luminescence band in GaN[41]. As to the origin of this 
hole trap, consider the following: several authors have 
reported the presence of a deep hole trap between 0.75 and 
0.9 eV above the valence band [42]. The origin of this 
defect, however, is not as yet clear. 
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Fig 7. A typical CDLTS spectrum showing the presence 

of four levels under a gate pulse. 
 
The electron traps E2 with an activation energy of 

0.29eV and a cross section of 217101.4 cm−× can be 
attributed to the defect level with activation energy of 
0.26eV reported by Hacke et al.[43] and 0.18eV reported 
by Götz et al.[44]. The very close correspondence between 
the Arrhenius plots for these levels and the similar 
activation energies derived from these plots suggest that 
they correspond to the same defect level. Marso et al.[45], 
Gassoumi  have also observed a defect with similar 
signature in AlGaN/GaN/Si HEMT and have shown that 
this trap is located in the region below the 2DEG 
channel[46]. 

 

 
 

Fig 8. Arrhenius plot for the deep levels observed in the 
AlGaN/GaN/SiC HEMTs under gate pulse. 

 
 
The microscopic nature of defect E3 is not clearly 

elucidated. Nevertheless, a level with close activation 
energy of 0.09 eV has been observed by CDLTS 
measurements and assigned to the N vacancy[46]. These 
defects are confirmed by conductance DLTS (CDLTS) 
technique under a gate pulse.  

Hole-like trap (HL2) with activation energy 0.40 eV 
was observed with CDLTS. This defect may be located 
near the surface in the ungated region (between gate and 
drain). Indeed, I see neither by the classic DLTS nor by 
the measurement of the CDLTS under a drain-pulse. 

 
 
4. Conclusion 
 
The related deep levels in HEMT’s were directly 

characterized by both capacitance and conductance Deep 
Level Transient Spectroscopy. Capacitance DLTS reveals 
three kinds of electron defects E1, E2 and E3, with an 
activation energy of 0.52, 0.29 and 0.09 eV, respectively 
and one hol-like trap HL1 with an activation energy 
0.905eV. The conductance DLTS using a gate pulse, when 
the device is biased closer to the threshold voltage, shows 
one additional trap,HL2, located at the surface. 

This work has pointed out the complementarity and 
the consistency of DLTS and CDLTS techniques. These 
combined analyses make possible the detection and the 
location of AlGaN/GaN traps in HEMTs. 
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