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Abstract

The performance of gallium nitride transistors is still limited by technological problems often
related to defects and traps. In this work, virgin AlGaN/AlN/GaN HEMTs exhibiting an
anomalous DC behavior accompanied by frequency dispersion in the microwave range, both in
the transconductance and output conductance, are analyzed. This anomalous response, which is
mitigated by high-bias conditions, is attributed to the presence of traps and defects both in the
volume of the GaN channel and in the source and drain contacts. A simple equivalent circuit
model is proposed to replicate the dispersive response of the transistor, achieving an excellent
agreement with the measured S–parameters and thus providing relevant information about its
characteristic frequency.
Keywords: small signal equivalent circuit, gallium nitride (GaN), high electron mobility
transistor (HEMT), microwave transistors, traps
(Some ﬁgures may appear in colour only in the online journal)

1. Introduction

solution for future technologies in the power electronics
industry. However, even if there are already commercial
AlGaN/GaN HEMTs, the last generations of transistors
fabricated on optimized heterojunctions still have some
reliability limitations and transient effects, usually related to
traps, located mainly at the top surface, at the channel heterojunction [3, 4], and also in the GaN buffer [5].
On the one hand, surface traps found at the air-semiconductor interface (typically at the top of the AlGaN layer
close to the gate contact) are associated with the electrons
injected from the gate, and one of their consequences is the
so-called ‘virtual gate’ effect [6]. The charges at the surface
contribute to the channel depletion, which extends the effect
of the gate along the gate-to-drain region. These kinds of traps
are typically evidenced by gate lag measurements, showing
drain current transient effects associated with the characteristic rate of trapping and de-trapping processes [7], which can
be mitigated by means of surface passivation [8]. Traps

Over the last decade, gallium nitride (GaN) has become a
semiconductor of great interest to develop high power RF
electronics required for applications like radar, electronic
warfare, electric power generation and management, or personal telecommunications. The main advantage of GaN,
compared with other wide bandgap competitors like SiC, is its
high electronic mobility, thus making it possible to provide
large power gain up to very high frequencies [1]. AlGaN/
GaN high electron mobility transistors (HEMTs) have
recently demonstrated cutoff frequencies in excess of
400 GHz [2]. The higher power per unit die area of GaN with
respect to other solutions allows one to reduce cost and system complexity, although initial cost of GaN HEMT production is still high. In order to decrease the price of the
starting material, large area Si substrates are used to grow
GaN epitaxial structures, becoming the most promising
0268-1242/17/035011+08$33.00
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located at the channel heterojunction or at the interface
between the semiconductor and the ohmic contacts can also
have an important inﬂuence on the device characteristics.
On the other hand, traps located in the GaN buffer may
capture electrons ﬂowing through the channel. This trapped
negative charge causes the so-called ‘current collapse’ effect,
which was also observed in the very ﬁrst implementations of
GaAs and GaN MESFETs [9]. Current collapse can be
identiﬁed in measured current–voltage curves as a reduction
of the drain current (ID) after applying high voltage conditions, with the consequence of a dramatic increase of the onstate resistance of the transistors [10, 11].
Apart from DC and transient effects, all these kinds of
traps induce other performance problems like frequency dis¢ ) and
persion in the apparent drain-to-source resistance (RDS
¢
transconductance (gm ). In this manuscript, the term ‘apparent’
is being used to denote the frequency-dependent parameters
extracted from the measurements by assuming the ‘standard’
small signal equivalent circuit (S-SSEC) model for FETs
[12, 13]. This frequency dispersion phenomenon has been
usually modelled with independent elements to account for
¢ and gm¢ , by adding to the Sthe frequency dependence of RDS
SSEC of the transistor an extra resistor and a current source,
respectively, ﬁltered by a capacitor [14–16].
The main novelty of our results is the strong frequency
dispersion exhibited by the transconductance and drain conductance of virgin devices (accompanied by a highly resistive
state), which does not completely disappear when biasing the
transistors, and therefore can be of importance for their RF
operation. Starting from the DC characterization of AlGaN/
AlN/GaN HEMTs, we evidence the presence of an anomalously low drain current (with a consequently high value of
the on-resistance) in virgin devices. Additionally, when
biasing the transistors for the ﬁrst time, frequency-dispersion
¢ and gm¢ are observed in the MHz-GHz range.
effects in RDS
Such effects consist in an increase (reduction) at low fre¢ (gm¢ ) when a virgin device is
quencies of the apparent RDS
ﬁrstly biased at a given quiescent point. Interestingly, the
initially poor drain current and on-resistance, and the dispersive mechanism appearing in conjunction with them,
progressively vanish after biasing at points of increasing
power, irreversibly cancelling most of the effects leading to
the degraded performance of virgin transistors. However, the
devices need to be biased with sufﬁciently high drain current
in order to signiﬁcantly suppress the original defective performances, which we attribute to traps in the ohmic contacts
and gate-drain region of the channel.
A simple physics-based equivalent circuit will be used to
characterize such effects. In contrast to [15, 16], whose dispersion models are based on including additional current
sources to the S-SSEC, we propose to model the anomalous
performance of the transistors by means of an equivalent
circuit that takes into account the trapping effects (T-SSEC)
by simply introducing a RC tank into the S-SSEC. Such a
model allows one to properly reproduce the experimental
results of both the anomalous on-resistance and the frequency
¢ and gm¢ , and provides a physics-based
dispersion of RDS

interpretation of the effect of traps inside the HEMTs as well
as an estimation of their characteristic frequency.
In section 2 we will describe the devices under analysis
and show the observed anomalous behavior of virgin devices
in both DC and RF, including the trap-related frequency
dispersion effects. In section 3 we propose a new equivalent
circuit model (T-SSEC) that accounts for the dispersive
behavior related to the presence of traps, and we provide a
plausible explanation about the location and nature of the
trapping centers. Finally, the main conclusions are drawn in
section 4.

2. Experimental measurements
2.1. Devices under test

The HEMTs characterized in this work are based on an
AlGaN/GaN heterojunction grown on a silicon substrate.
More concretely the structure is based on a 14 nm thick
AlGaN (29% Al) layer, on a 1.73 μm thick GaN buffer, with a
1 nm thick AlN spacer in the middle and a 0.5 nm thick GaN
cap layer on the top. This heterolayer has a sheet carrier
concentration of ns=1.3×1013 cm−2 and a Hall mobility of
1800 cm2 V−1 s−1 at 300 K, and thus an average sheet
resistance of 245 Ω, (after passivation with N2O pretreatment
and 150 nm of SiN). More details about the optimization of
the heterolayer and the technological process for the fabrication of the transistors that have been used in this work can
be found in [17, 18]. A set of devices, grouped in multiple
repeated reticles in a single wafer, have been measured. In
each reticle there are two-ﬁnger transistors with two different
widths (2×25 and 2×50 μm), drain-to-source distances
between 1.5 to 5.5 μm, gate lengths from 75 to 250 nm, and a
constant source-to-gate length of 600 nm. The results shown
in this paper correspond to a device with two gate ﬁngers of
25 μm each, with a gate length of 150 nm, and a drain-tosource spacing of 2.5 μm. Nevertheless, a similar behavior
has been found in the complete set of devices, and the main
conclusions can be applied to all of them without loss of
generality.
2.2. DC measurements

The DC current–voltage characteristics were initially measured in a ﬁrst reticle in order to determine the adequate bias
point for the subsequent high frequency characterization. The
output and transfer characteristics of the reference device,
together with the gm extracted from the DC curves, are shown
in ﬁgure 1. Figure 2 shows pulsed measurements of ID with
different pre-pulse conditions (VDS0, VGS0) made in this ﬁrst
reticle. The transients reveal signiﬁcant gate-lag (when starting from VDS0=0 V, VGS0=−8 V) and drain-lag (starting
from VDS0=10 V, VGS0=−8 V) effects, with characteristic
times of the order of 0.1 ms. Drain-lag effects are much more
evident when the current ﬂux through the device increases, as
already shown in [17]; this indicates the presence of volume
traps in the channel.
2
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Figure 3. Measured ID-VGS with VDS=2.5 V in the reference

150 nm gate HEMT. Arrows indicate the direction of the voltage
sweep, starting at VGS=−5.0 V.

(with VDS=2.5 V) is plotted. The abrupt step of ID when
increasing VGS evidences a sudden improvement from an
initial state with poor conduction and high on-resistance. The
change may happen in a more progressive way, but always
showing an irreversible behavior and therefore leading to a
hysteresis cycle similar to that of ﬁgure 3. If the measurement
is repeated, no hysteresis appears; the current follows the
upper branch of the cycle both at increasing and decreasing
VGS. We attribute this effect to the presence of traps, which do
not seem to be located below the gate, since the increase of
the current does not involve a signiﬁcant change of the
threshold voltage, as shown in ﬁgure 3. In order to further
clarify the inﬂuence of that traps on the behavior of the
devices, RF measurements were subsequently performed in a
new set of devices.

Figure 1. Measured (a) ID-VDS, and (b) ID-VGS characteristics (and its
slope gm) in the reference 150 nm gate HEMT. Stars indicate the
three operational bias points of interest. Measurements correspond to
a ‘biased’ device, when the values of ID (even at low VGS) are
already stable.

2.3. RF measurement protocol

The measurements of the S-parameters of the transistors were
carried out using a vector network analyzer model PNA-X
N5244A from Keysight Technologies, in the frequency range
between 10 MHz and 43.5 GHz. Since the study of the slow
traps leading to the drain and gate lag effects is out of the
scope of this paper, measurements at lower frequencies were
not performed. The intrinsic Y–parameters [19] of the transistor were extracted after properly de-embedding the effect
of the parasitic resistances, inductances and capacitances. In
our case, the values of the parasitic elements have been
determined by means of measurements of dummy open and
short structures that were also included in the fabrication of
the reticles.
Assuming the S–SSEC model described in [13], the
¢ and gm¢ can be calculated as:
values of the parameters RDS

Figure 2. Transient values of ID when applying VDS=10 V and

VGS=0 V after biasing for 1 ms at different quiescent points: (i) at
zero bias VDS0=0 V, VGS0=0 V; (ii) at ‘cold pinch-off’
VDS0=0 V, VGS0=−8 V; and (iii) ‘hot pinch-off’ VDS0=10 V,
VGS0=−8 V.

In addition to these features of the DC behavior typically
found in GaN HEMTs, we also evidenced an anomalous
hysteretic behavior when measuring transistors for the ﬁrst
time (i.e. virgin). This effect is shown in ﬁgure 3, where the
value of the drain current when applying a dual VGS sweep

R¢DS =
gm¢ =
3

1
Re {Y12 + Y22 }

(Y12 - Y21)(Y11 + Y12)
Im {Y11 + Y12 }

(1 )

(2 )
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2.4. Zero-bias impedance

Figure 4 shows the value of the zero bias drain-to-source
impedance ZD of the unstressed HEMT (step 1), and after
applying increasing bias conditions (step 3, after Q-point and
step 5, after HPC). We can clearly observe that, without any
previous bias excitation, the virgin device shows a prominent
increase of the impedance at low frequency, with values in
excess of 1 kΩ. After biasing the device at the Q-point, the
zero bias impedance at low frequencies is reduced by more
than one order of magnitude. A further reduction of ZD is
observed after applying HPC, while the transition from high
to low resistance shifts to higher frequencies. At the highest
frequencies (above 2–3 GHz) there are no signiﬁcant changes
in ZD. It must be noted that this process seems to be irreversible, since the state induced in the device at zero bias after
applying a given bias condition is stable in the very long term
(at least some weeks according to our tests). An additional
reduction of the impedance is also possible by increasing the
bias conditions above the HPC point, although some traces of
the effect of the traps at the origin of the initial highly
resistive state are still remaining.
The described anomalous behavior is attributed to the
presence of some kind of trapping state within or in the
vicinity of the channel, whose negative charge is able to
decrease the electron concentration in the two-dimensional
electron gas (2DEG), thus producing a substantial increase of
the impedance of the HEMTs. Traps located in the ohmic
contact regions could also provide a signiﬁcant contribution
to the observed evolution of the device resistance. Furthermore, the phenomenon is present up to a given cut-off frequency, which may be directly related to the characteristic
times of these traps (much faster than those originating the
typical drain and gate lag effects in GaN HEMTs). Biasing
the device seems to force a de-trapping (or even trap-suppression) mechanism, more signiﬁcant the stronger the bias
conditions are. The fact that the cut-off frequency shifts to
higher values indicates that mainly the slowest of these traps
are affected by the bias.

Figure 4. Magnitude of the drain-to-source impedance (ZD) of the
virgin device (step 1) and after biasing it at Q-point (step 3) and HPC
(step 5), measured at zero bias (VDS=VGS=0 V). The inset shows
the complex impedance in a Smith chart (the symbol indicates the
point at 10 MHz).

¢ and gm¢
As will be shown later, the so-obtained values of RDS
are not constant with frequency, as one would expect, but a
low-frequency dispersion related to the effect of the traps
appears [15, 16]. This frequency dispersion was progressively
disappearing when increasing the values of VDS and VGS.
Therefore, we selected a bias point with low power dissipation (VDS=1.5 V, VGS=−2.5 V), called Q-point in
ﬁgure 1, as the point of reference for the analysis of the
inﬂuence of the traps on the device performance. The relatively low value for VDS was chosen to prevent the weakening
of the trapping effects as much as possible, while that of
VGS was selected for providing the maximum value of
transconductance.

The measurements of the S-parameters of the transistors,
starting from a non-previously measured reticle, were performed following a systematic process. Our protocol for the
RF measurements involves the following bias conditions (in
chronological order):
Step 1: Virgin device at zero bias (VDS=VGS=0 V).
Step 2: Q-point (VDS=1.5 V, VGS=−2.5 V).
Step 3: Zero bias (VDS=VGS=0 V).
Step 4: High power condition HPC (VDS=10 V,
VGS=0 V).
Step 5: Zero bias (VDS=VGS=0 V).
Step 6: Q-point (VDS=1.5 V, VGS=−2.5 V).
The transistor is biased in each state for a period of
several seconds, in which the S-parameters are extracted. The
RF characterization at Q-point (steps 2 and 6) is thus performed twice: (i) step 2, for a virgin device, and (ii) step 6,
after being biased under HPC. Measurements at zero bias
(steps 1, 3 and 5), although with limited interest for practical
applications, allow one to obtain the evolution of the drain-tosource resistance: at its virgin state and after Q-point and HPC
biasing, respectively.

2.5. Frequency dispersion

The full set of intrinsic S-parameters (after de-embedding the
effect of the parasitic elements from the raw measurements)
of the device biased at the Q-point, without any previous
stress (step 2) and after applying HPC (step 6) are plotted in
ﬁgure 5 showing signiﬁcant variations at low frequency,
mainly for S22 and S21. Both parameters show unnatural
shapes at low frequencies before biasing, with a pronounced
hump in S22 and an anomalous decrease and phase change in
S21. As in the case of zero bias conditions, we attribute this
behavior to the effect of traps, which are later mitigated after
applying HPC bias. Another important aspect observed during the measurement is the abovementioned increase of the
static drain current at Q-point (being ID=5.4 mA at step 2,
and increasing up to ID=7.8 mA in step 6), which is consistent with the decrease of the resistance previously

4
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observed, associated to the de-trapping induced during HPC
biasing. The gate leakage increase is also remarkable, by a
factor 2, without a signiﬁcant threshold voltage shift.
¢ and gm¢ , by applying (1)
The corresponding values of RDS
and (2) to the S-parameters shown in ﬁgure 5 (i.e., assuming
the S-SSEC model), are represented in ﬁgure 6. As expected,
strong differences at low frequencies (in the sub-GHz range)
are also noticeable here between both scenarios. Before
applying HPC, when the dispersive mechanism is particularly
signiﬁcant, both parameters show a prominent hump at low
frequencies, which translates into a lower value of gm¢ and a
¢ (by factors of roughly half and twice
higher value of RDS
respectively, compared to the levels of the plateau at higher
frequencies). This indicates that the S-SSEC is not valid to
reproduce the device performance in the initial state. After
applying HPC, de-trapping mechanisms mitigate the dispersion effects and the cut-off frequency shifts to higher values.
The slight difference in gm¢ at high frequencies is attributed to
the previously mentioned variation of ID, which translates into
an overall increase of the transconductance in the second case.

Figure 5. Intrinsic S-parameters extracted from the measurements

at Q-point (VDS=1.5 V, VGS=−2.5 V), before HPC in the blue
solid line (step 2) and after HPC in the dashed red line (step 6).
Parameters S11 and S22 are represented in Smith chart format,
and S21 and S12 are represented in polar format with a maximum
scale of 2.0.

3. Frequency dispersion model
3.1. Small-signal equivalent circuit

Small-signal equivalent circuit models provide a powerful
tool for the understanding, analysis, characterization and
design of microwave transistors. Discrepancies between the
drain conductance characterized from DC measurements and
that measured at microwave frequencies have been found in
different transistor technologies, and its frequency dependence has been traditionally modeled by incorporating a series
RC branch to the intrinsic equivalent circuit model (connecting drain and source contacts, in parallel with the drain
conductance, drain–source capacitance and transconductance
branches [14]). From this type of model, it is possible to
calculate a characteristic frequency given by 1/2πRC, which
determines the transition between the higher drain resistance
at lower frequencies, and the lower drain resistance at higher
frequencies.
Given that the frequency dispersive behavior observed in
¢ is often accompanied by a frequency dependent value of
RDS
gm¢ , both with the same characteristic frequency, successive
works [15, 16] have proposed improved models that include
an additional current source in parallel with the resistance of
the RC branch. In such models, apart from the fact that the
¢ and gm¢ is modeled separately by
frequency dispersion on RDS
adding an extra resistance and a current source respectively,
the use of two current sources in parallel, between the drain
and source contacts, may lead to the erroneous idea of multiple channels or signal paths within the real device structure.
Furthermore, even if being able to reproduce the experimental
measurements, the circuit module proposed to model the
dispersive effects acts counterintuitively from a physical point
of view, since it has no inﬂuence at low frequency, which is
where trap-related effects manifest. Indeed, the added branch

Figure 6. Apparent transconductance (gm¢ ) and drain-to-source
¢ ) calculated at Q-point (VDS=1.5 V,
resistance (RDS
VGS=−2.5 V), before HPC (step 2) and after HPC (step 6).

5
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Figure 7. Proposed model that includes trapping effects into the

small signal equivalent circuit (T-SSEC).

is blocked by the capacitor at low frequency, while it is at
high frequency where both the resistor and the current source
have effect on the circuit performance.
The small signal equivalent circuit proposed in this work
(T–SSEC) for the modeling of the observed trap-related frequency dispersion of the transconductance and drain conductance of the GaN HEMTs is presented in ﬁgure 6. It is
simply based on incorporating a parallel RC tank (i.e. RT and
CT) to the S-SSEC model for FETs, placed in series with the
conventional drain–source branch, without the need to add
any additional current source. This additional RC tank
represents more faithfully the physics of the interaction of the
current ﬂow with the traps within or close to the channel (and
the ohmic contact regions, if it is the case). It produces an
increase of the output resistance at low frequencies due to the
resistor RT, and has no effect at higher frequencies when the
signal is bypassed by CT. Despite its simplicity, this model is
also able to reproduce the drop of gm¢ , since the current source
sees RT in series with the drain current path. In addition, this
T-SSEC easily allows decoupling the effect of the traps from
the general small signal model. In the case of working above
the characteristic frequency of the traps, the device performance can simply be reproduced by eliminating the RC tank
(i.e., RT=CT=0) and using the S–SSEC model, keeping
the same values for the rest of elements.
At this point it should be clariﬁed that the aim of the
proposed T-SSEC is not an improvement of the ﬁtting with
experimental results with respect to the models proposed in
[15, 16], since they involve more degrees of freedom due to
the use of a higher number of ﬁtting parameters. The purpose
in this case is to provide a simple tool that better-describes the
physical effect of traps and is able to reproduce their inﬂuence
on the transistor performance. Indeed, both approaches could
be combined if one wants to account for the anomalous
effects related to the fast traps observed in our transistors and
the standard current collapse and drain and gate lag, usually
linked to the presence of slower traps.
The proposed T-SSEC of ﬁgure 7 has been used to
reproduce the dispersive behavior observed in the measurements of the intrinsic S–parameters plotted in ﬁgure 5. To

Figure 8. Intrinsic S-parameters extracted from the measurements

(blue symbols) at Q-point (VDS=1.5 V, VGS=−2.5 V) before
HPC, and model ﬁtting (red lines) using: (a) the S-SSEC [13], and
(b) the proposed T-SSEC of ﬁgure 7. The inset shows the apparent
¢ and gm¢ parameters extracted from the S-parameters obtained
RDS
from the T-SSEC (red line) and the measurements (blue symbols).
Parameters S11 and S22 are represented in Smith chart format, and S21
and S12 are represented in polar format with a maximum scale of 2.0.

achieve an adequate ﬁtting, a ﬁrst estimation of the values of
the elements of the S-SSEC is provided by the formulae
described in [13], followed by an optimization of the values
of the parameters of the model carried out using the software
Quite universal Circuit Simulator (QUCS) [20]. For comparison, the ﬁtting obtained with the S–SSEC model (i.e.,
without RT and CT) is shown in ﬁgure 8(a), evidencing that
the standard model is able to reproduce the measured Sparameters only at high frequencies. In contrast, the results
obtained with the proposed T–SSEC model, shown in
ﬁgure 8(b), successfully reproduce the device performance in
all the frequency range (including the low-frequency deviations in the S22 and S21). In this second case, all the common
elements of both SSECs are kept with the same values (except
for gm, which is slightly increased), and the additional RT and
CT have been optimized to properly reproduce the device
response at low frequencies, and, in particular, they ﬁt the
¢ and gm¢ parameters. The
dispersion of the apparent RDS
obtained values of RT=380 Ω and CT=550 fF allow us to
6
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frequency of the dispersive effects after HPC biasing already
observed in the drain-to-source impedance.
3.2. Physical interpretation

Based on these results, we propose two possible interpretations of the measured behavior in terms of two kinds of
additional traps/defects present in virgin devices: (i) volume
traps in the gate-drain region of the GaN channel [21] that
modify the conduction band of the heterostructure [22], and
(ii) traps at the metal semiconductor interface that degrade the
conduction of the source and drain ohmic contacts and thus
the on-resistance of the transistors. Both effects are compatible with the conﬁguration of the proposed equivalent circuit,
ﬁgure 7, since both types of traps increase the source–drain
resistance, an effect that is globally taken into account by the
RC tank. In a virgin device, charged traps increase the
impedance at low frequency, being around 1 kΩ at zero bias,
ﬁgure 4. When biasing the devices, the amount of the trapped
negative charge is lowered, so that when reaching the HPC,
the inﬂuence of the traps is reduced, and the zero bias
impedance is reduced to around 40 Ω, ﬁgure 4. We attribute
the initial trapped charges to crystal defects that could possibly be repaired when enough power is dissipated in the
device, so that afterwards their inﬂuence is permanently
reduced. Such a restoration effect produced by the HPC bias
would mainly affect the slower traps, thus leading to the shift
to higher values observed in the cut-off frequency of the
dispersion phenomena.
Another possibility to explain the observed effects is that
the onset of the current ﬂow leads to a permanently empty
state of the traps initially increasing the resistance in virgin
devices.

Figure 9. Intrinsic S-parameters extracted from the measurements

(blue symbols) at Q-point (VDS=1.5 V, VGS=−2.5 V) after HPC,
and model ﬁtting (red line) using the proposed T-SSEC. The inset
¢ and gm¢ parameters extracted from the Sshows the apparent RDS
parameters obtained from the T-SSEC (red line) and the measurements (blue symbols). Parameters S11 and S22 are represented in
Smith chart format, and S21 and S12 are represented in polar format
with a maximum scale of 2.0.
Table 1. Equivalent circuit element values.

Circuit
Element
RGS
CGS
RGD
CGD
RDS
CDS
gm
τ
RT
CT

Model
ﬁgure 8(a)
S-SSEC
before HPC

Model
ﬁgure 8(b)
T-SSEC
before HPC

Model
ﬁgure 9
T-SSEC
after HPC

8Ω
50 fF
45 Ω
12 fF
320 Ω
20 fF
17.5 mS
0.8 ps
—
—

8Ω
50 fF
45 Ω
12 fF
320 Ω
20 fF
18.5 mS
0.8 ps
380 Ω
550 fF

8Ω
50 fF
45 Ω
12 fF
300 Ω
20 fF
22.5 mS
0.8 ps
100 Ω
240 fF

4. Conclusion
In spite of the huge progress recently done in the technology
of GaN-based HEMTs, traps are still a limiting factor for their
practical application. In this paper, virgin AlGaN/AlN/GaN
HEMTs evidencing an anomalous DC and RF behavior have
been analyzed. A strong dispersion, accompanied by a high
on-resistance value, is evident in virgin devices, and is still
noticeable when the transistors are biased at low drain current
levels. This anomalous effect is irreversibly reduced, but
never completely cancelled, when the device is biased at high
power conditions. The timescale of the dispersion has been
found to be much higher than that of the typical drain and gate
lag effects, around 1 GHz. Moreover, no signiﬁcant threshold
voltage shift is observed, so that we attribute these effects to
the presence of crystal defects in the gate–drain region of the
GaN channel and the ohmic contacts of virgin devices,
creating trapping states which are initially charged with
electrons and are progressively released when those defects
are repaired by the applied bias. A simple circuit model, based
on incorporating an RC tank to the standard FET equivalent
circuit, has been proposed to replicate the observed frequency
dispersion.

have an estimation of the characteristic frequency of the traps,
which in this case corresponds to fT≈800 MHz.
As described in section 2, the low frequency dispersion
can be strongly suppressed when a high current passes
through the channel (i.e., HPC), which presumably empties
(or suppresses) in a long time scale the trapping states
responsible of the anomalous frequency dependence. In this
second scenario, the traps have a much lower effect, so that
the value of RT to be used in the T-SSEC is much lower,
100 Ω, but is still signiﬁcant. This is shown in ﬁgure 9, where
the results of the T–SSEC model are compared with the
intrinsic S-parameters measured at the Q-point after applying
HPC. The complete list of the values of the parameters
obtained for the models used in ﬁgures 8 and 9 are summarized in table 1. The value of CT is also lower that in the
previous case, thus providing a higher characteristic frequency of fT≈6.5 GHz, consistent with the shift to higher
7
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