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INTRODUCTION
In recent years GaN HFET technology has established
itself as a long-term contender to other materials for use in
power amplifier design. This is due to GaN’s properties of
high breakdown electric fields, high electron mobility and
velocity, and the large bandgap of the epitaxially grown
hetrojunction technology [1]. This means that GaN
devices have large breakdown voltages, high cut-off
frequency and large power handling capability of up to
30W/mm [2].
One of the main problems that remains with
AlGaN/GaN devices is current slump. This is the
reduction in drain current that is caused by trapping at the
exposed gate-drain region of the device [3-5]. Silicon
nitride passivation greatly reduces current slump, by
removing the net surface charges. Other methods used to
reduce trapping effects and hence current slump are the
addition of a p-GaN cap layer [6], and the addition of field
plates on the gate-drain region [2].
This phenomenon is also referred to as DC-RF
dispersion or knee-walkout, and results in a discrepancy
between the measured RF output power of the devices and
the power that would be predicted from DC I-V

characterization,

according

to

the

equation

Pout = (∆I × ∆V ) / 8 , where ∆I and ∆V are the RF

current swing and voltage swing .
In this paper pulsed DC I-V and RF time domain
waveform measurements are presented to analyze the
problem of DC-RF dispersion.
The device under test is a 2x100µm AlGaN/GaN HFET
on a SiC substrate. It has a gate length of 0.8µm, with a
field plate overlapping the gate by 0.5µm [2], and sourcedrain gap of 4µm. The HFET layer structure is grown by
MOVPE and consists of 30nm AlGaN (25%), and 1.2µm
insulating GaN on vanadium doped SiC, with no
intentional doping included in the structure. Silicon nitride
passivation has been used to reduce current slump.
MEASUREMENTS
Pulsed I-V measurements were performed on the
device, where the “off” state was set to different bias
points, to simulate the bias conditions of a class A
amplifier. Fig. 1 shows the pulsed I-V’s when pulsed from
VD=0V/VG=0V, and also when pulsed from VD =40V/VG
=-3V. These results clearly show the effects of current
slump in the device, as is well documented.
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Abstract
AlGaN/GaN HFET’s have been analyzed under DC
and RF Stimulus in an attempt to analyze the
phenomenon of DC-RF dispersion. DC pulsed I-V
measurements were performed where the pulse “off”
state was set to different bias points, to simulate a class
A bias condition at various drain voltages. RF timedomain waveform measurements were also performed.
The I-V measurements exhibited the common problem
of current slump, as did the RF power performance of
the device. Interestingly, it was found that there was
strong correlation between the pulsed I-V and RF
measurements when they are considered as a function
of bias point. Although current slump is evident during
pulsed I-V measurements, it is not permanent, and
there is negligible degradation of the device after
prolonged RF stimulus.
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Fig. 1. Pulsed DC I-V measurements. VG ranges from -8V Æ
+2V in 1V steps
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RF dynamic load-lines at different drain voltage bias

The measurements are performed at 840MHz and the
device is biased in class A (VG=-3V), at different drain
voltages. In order to penetrate the knee region at all times,
the device is load-pulled into real impedances using an
active harmonic load-pull system [8]. This system allows
complete control of the impedances presented to the first
three harmonics, which is important since all three
harmonics must be presented with the same impedance in
order to keep the RF dynamic load-lines straight. The
compressed output current waveforms in Fig. 3 confirm
that the device is in saturation.
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Fig. 4. RF dynamic load-lines superimposed on pulsed DC IV’s pulsed from the same bias points.

CONCLUSION
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The RF dynamic load-lines clearly display DC-RF
dispersion, and show that the RF knee-walkout increases
with drain voltage bias. This is consistent with other work,
and explains why GaN devices do not produce as much
output power as might be expected.
During these measurements, the observed maximum RF
input gate voltage is approximately 2V. Therefore, the RF
dynamic load-lines should be consistent with that
produced by the pulsed I-V measurement corresponding
to VG=+2V, which in this case is the top I-V trace. This is
clearly not the case for the I-V in Fig.2, where the traces
are pulsed from the “off” state VG=0V/VD=0V.
However, when the RF dynamic load-lines are
superimposed on pulsed I-V plots which are pulsed from
the same quiescent bias point as the RF measurement, the
plots do correspond. i.e. the bias conditions for the four
RF measurements are; VG=-3V/VD=10V, VG=3V/VD=20V, VG=-3V/VD=30V, VG=-3V/VD=40V. These
are also the points that the pulsed I-V’s return to in the
“off” state. This is shown in Fig. 4
It was also found that the device produced a maximum
output power of 5.5W/mm, and experienced negligible
degradation after prolonged DC and RF testing.
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In order to analyze DC-RF dispersion, CW
measurements were performed on the device using a
vector-corrected on-wafer time domain measurement
system, similar to that demonstrated in [7-8]. This system
measures the input and output voltage and current timedomain waveforms.
In this case we are interested in plotting the RF dynamic
load-line of the device (RF output current vs. RF output
voltage). Fig.2 shows how the RF signal interacts with the
knee region of the device when biased at different drain
voltages.
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Fig. 3. Time-domain RF output current
corresponding to the measurements shown in fig. 2
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These results show that in class A operation, there is a
strong correlation between the current slump observed in
pulsed I-V measurements and that observed in the RF
waveform measurements. This implies that the DC-RF
dispersion in AlGaN/GaN devices may be dependant on
the quiescent DC bias point and that there is a direct
relationship between the two. This holds for operation in
class A.
This result may be expected in class A operation, since
the average RF voltage and current should be the same as
the quiescent DC bias.
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