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1. Introduction 

AlGaN/GaN high-electron mobility transistors 
(HEMTs) are excellent candidates for high-power and high 
frequency applications due to the superior properties of the 
GaN-based material [1]. In fact GaN-based material is char-
acterized by: high breakdown field, high electron mobility, 
high peak saturation velocity and high thermal conductivity. 
These properties allow the GaN-based devices to operate at 
voltages and temperature ranges beyond the more conven-
tional compound semiconductor materials (GaAs and InP). 
Furthermore very high frequencies operation (beyond 100 
GHz) has been proved for these devices [2].  

Nowadays GaN HEMTs devices with record perform-
ances were realized: power densities as high as 20 to 40 
W/mm [3], [4] and absolute powers up to 500W [5]. A 
number of demonstrations of GaN-based Doherty amplifi-
ers were achieved, e.g. [6,7] for the increasing of efficiency 
in linear operation. Class-E amplifiers based on GaN 
HFETs with PAE levels beyond 80% and 10 W of output 
power at 2 GHz have been reported [8]. Switch-mode 
class-F amplifiers based on GaN HFETs are also very 
promising [9]. 

However, in spite of all these promising performances 
AlGaN/GaN HEMT devices technology suffer from vari-
ous limiting factors that can be grouped as: i) parasitic and 
ii) reliability issues. Examples of parasitic effects are sur-
face and bulk traps which can strongly limit the drain cur-
rent level under pulsed and RF operations, dislocations or 
defects at the gate junction which can induce high reverse 
leakage current and soft breakdown, and kink effects which 
can result in husteresis in current-voltage characteristics. 
From the reliability point of view instead, it must be con-
sidered that high power densities and high PAE values re-
quire large values of drain bias, large peak currents, and 
large input/output RF-signal amplitudes. The high bias 
conditions used to get the maximum performance from 
these devices induce extremely high electric field in the 
device channel that can generate severe device degradation. 
In this paper we will present an overview of the main para-
sitic and reliability issues that nowadays affects the 
GaN-based devices. 
 
2. Parasitic effects 
Current slump.  
The effect that most severely limits the RF power perform-

ance in AlGaN/GaN HEMTs is the so-called RF current 
collapse or RF power slump, which originates from charge 
trapping at the device surface and/or in the buffer [10]. 
Good passivation process in general is capable of minimiz-
ing this parasitic phenomenon. One alternative technologi-
cal solution that has been proposed consists of using 
GaN/AlGaN/GaN epitaxial structures with a thin (typically 
3–5 nm) n-type-doped GaN cap layer. The latter has been 
suggested to act as a “surface charge control” layer that 
reduces the effect of surface polarization charge [11]. The 
use of the GaN cap in combination with SiN surface pas-
sivation has actually allowed record output power per-
formance as well as long-term stable RF operation [12]. We 
also investigated the use of a GaN cap layer [13]. 2D nu-
merical device simulations have provided an explanation 
for the influence of the GaN cap layer on current collapse 
and on the gate-leakage current. Another solution to allevi-
ate current collapse has been suggested by A. Koudymov 
and coworkers [14]. They demonstrated that the conductiv-
ity of the dielectric material under the field plate plays a 
crucial role in the current collapse removal. 
Gate leakage current and breakdown voltage reduction 

Actual AlGaN–GaN HEMTs present, in general, very 
large Schottky-gate leakage current compared to the ideal 
Schottky gate reverse current [15]. It has been demon-
strated that the gate leakage current increases with the de-
fect charge due to thinning of the Schottky barrier, and that 
the breakdown voltage is reduced due to the electric field 
concentration at the gate electrode edge [16]. To suppress 
the breakdown voltage lowering, the authors in [16] found 
that the surface charge density must be less than 5·1011cm-2. 
The field plate structure is however effective for suppress-
ing the breakdown voltage reduction due to the defect 
charge, as FP enhances the relaxation of the electric field. 
Finally W.S. Tan and coworkers have highlighted that in a 
conventional HFET, the gate leakage current consists of 
three separate components: surface, bulk and mesa edge 
contributions [17]. With a specific test structure they have 
been able to demonstrate that passivation suppresses cur-
rent flow across the ungated surface, fully consistent with 
the model for current slump. 
Kink effect 

Another parasitic effect recently observed in GaN 
HEMT is the kink effect (in the output characteristics). 
Kink is possibly due to negative charge build-up under the 
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gate, taking place at low VDS values followed by negative 
charge detrapping or compensation, occurring for high VDS 
values. Dynamic measurements as well as photo-stimulated 
measurements strongly suggest carrier trapping and detrap-
ping as possible explanation. 
 
3. Reliability issues 
Bias-point related degradation 
Kim and coworkers [18] presented the effects of SiN pas-
sivation and hot electron stress on short-term reliability and 
gate lag phenomena of undoped AlGaN–GaN HFETs. They 
demonstrated that while SiN passivation improved the de-
vice reliability and power performance, hot electron stress 
exacerbated the current collapse which was alleviated by 
SiN passivation. Gate lag measurements on the stressed 
devices with SiN passivation revealed pronounced effects 
of charge trapping induced by high-electric field stress. We 
have carried out several long-term (up to 3000 hours) stress 
test in quarter micron T-gate GaN-HEMT biased in differ-
ent conditions: ON STATE (characterized by relatively low 
VDS values, 20-25V 6W/mm constant dissipated power), in 
OFF-STATE conditions (characterized by relatively high 
VDS values 30-40V, VGS=VTH-1V), and in 
SEMI-ON-STATE (characterized by an intermediate con-
dition, VDS 30-40V, VGS=VTH+1V), in order to emulate the 
device condition on the load-line during the RF-operation. 
In general we have observed that the most critical situation 
is the SEMI-ON stress, where the presence of a large con-
centration of hot electrons causes the strongest degradation. 
We have carried out also an extensive short-term reliability 
evaluation of GaN HEMT biased at high-electric-field 
stress condition in ON- and OFF-state (for 150 h), see [13]. 
Degradation modes common to both stress conditions are ID 
and gm drop, gate-lag amplification, and gate-leakage cur-
rent decrease. Moreover, gm degradation is maximum at 
high VGS or in correspondence with the gm peak for 
ON-state and OFF-state stress, respectively following a 
degradation located mainly at the gate edge (for the off 
state stress) or at the drain edge (for the on-state stress). It 
must be underline however that Field Plate engineering 
[21] is a powerful way to reduce high electric fields within 
the device active area hence alleviating any reliability is-
sues related to the high electric fields and hot electrons. 
2D device simulations 
2D device simulations [19] have also been applied to inves-
tigate the observed degradations. Simulations indicate that 
the degradation should be ascribed to the simultaneous 
generation of acceptor traps at the gate-drain surface and 
trap accumulation within the GaN buffer region. Only the 
simultaneous generation of surface and buffer traps can 
account for all of the observed degradation modes. How-
ever J. Mateos and coworkers [20] by using Monte Carlo 
simulation provided Recently an alternative explanation to 
the observed hot carrier degradation in 250nm gate Al-
GaN/GaN HEMT. They demonstrated that hot electrons 
can cause a localized degradation at the drain side of the 
gate edge (where the maximum electric field is present. The 
localized degradation is modeled by reducing the value of 

the polarization charge with respect to the unstressed de-
vice in such a region. The results of the simulations show 
that if strain relaxation is extended into the gate-drain re-
gion, not only the access resistance is increased, but also 
the threshold potential is shifted and the transconductance 
is reduced. These effects are in agreement with those ob-
served experimentally in [13]. 
New Degradation mechanisms proposed. 

Joh and del Alamo from MIT [22] have carried out sys-
tematic experiments on the electrical reliability of 
state-of-the-art GaN HEMTs. They have found that degra-
dation is mostly driven by electric field and that there is a 
critical electric field below which negligible degradation is 
observed. Degradation is consistent with a model of defect 
formation in the AlGaN barrier as a result of the high elec-
tric field. They postulate that lattice defects are introduced 
by excessive stress.  
 
4. Conclusions 

In this paper we reviewed the most critical parasitic ef-
fects encountered in AlGaN/GaN HEMT technology and 
their associated issues on performance and reliability. The 
related failure mechanisms were also described.  
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