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Abstract

The impact of RF stress on dispersion and
power characteristics of AlGaN/GaN HEMTs are
reported. Reduced drain current ( ~ 67 mA/mm
in the saturation region) and similar output
power and Power-Added Efficiency were found
after RF stress. Transconductance dispersion is
small before and after RF stress while output
resistance dispersion reduces after RF stress.
Tests performed under UV light suggest that the
observed results may be attributed to trapping in
the AlIGaN/GaN HEMT layers.

I. Introduction

AlGaN/GaN HEMTs have been” reported
with superior output power characteristics [1].
However, current instability and dispersion
effects have been reported to be present in such
wide bandgap devices as demonstrated by
various experiments [2-4]. The observed
characteristics of AlGaN/GaN HEMTSs are not
well understood at this point and their power
performance often deviates from DC predicted
characteristics. It is consequently very important
to understand and if possible to control and
suppress such effects to improve the power
performance of GaN-based devices. In this
work, the impact of RF stress on the dispersion
of output resistance (Rps) and transconductance
(gm), as well as the power characteristics of
AlGaN/GaN HEMTs was studied. Load-pull
and dispersion measurements were used for this
purpose. In addition, UV light was employed to
examine the current instability and dispersion
effects of RF-stressed devices.

Section II describes the DC and microwave
characteristics of AlIGaN/GaN HEMTs. Section
I compares the device /-V characteristics and
microwave power performance before and after
RF stress. Section IV presents the impact of RF
stress on Rpgs and g, dispersion effects. Section
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V shows the impact of UV light on the /-V curve
and power characteristics of RF-stressed devices.

II. DC and Microwave Characteristics

The layers of the AlGaN/GaN HEMTs
studied here were grown on 4H-SiC substrates
using RF-assisted MBE. The devices had a gate
length of 0.25 um and a total gate finger width of
150 um. A peak transconductance of ~ 170
mS/mm was observed. The device showed
maximum oscillation frequency (fn.) of ~ 95
GHz and cut-off frequency (f7) of ~ 50 GHz at
Vs ~ -3.0 to -3.5 V. Fig. 1 shows the
dependence of f,,,. and fr on the gate and drain
bias voltages. As can be seen, the devices show
good microwave characteristics under a wide
range of bias conditions, which provide
flexibility for circuit applications.
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Fig. 1: Dependence of f,, and fr on bias
conditions for 0.25x150 um’ AlGaN/GaN
HEMTs.
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III. Impact of RF Stress on DC and

Microwave Power Characteristics

Fig.2 shows the DC I-¥ characteristics for
devices before and after RF stress. RF stress was
performed using a 5 GHz microwave source
delivering a power of 20 dBm to the gate of the
device. The current was found to reduce and the
pinch-off voltage became less negative after RF
stress. This could possibly be associated with
the presence of traps in AlGaN/GaN HEMTs.
Under large RF signal, carriers may be excited
and fill up such traps. In case of acceptor-type
traps, these become negative charged after being
filled and act as a second gate [5]. They are
consequently presenting an additional negative
voltage on the gate, and therefore a less negative
gate voltage is necessary to pinch off the device,
as shown by the experimental results.
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Fig. 2: IV characteristics of 0.25x150 pm’
AlGaN/GaN HEMTs before and after RF stress.

Load-pull measurements were performed
under input and output matching conditions at 5
GHz. Fig. 3 shows the power characteristics
before and after RF stress. The device was
biased at V= -3V, and V= 12 V. At low input
power levels, one can see that /ps reduces by ~
10 mA after RF stress. In addition, as the input
power level increases, the drain current is found
to gradually reduce before RF stress, while after
RF stress, the Ipg variation is relatively small.
Despite the presented Ipg variation, the device
shows only slight reduction of gain, P,,, and
PAE. As mentioned above, the variation of Ipg
may be attributed to filling up of traps due to
carrier excitation. This introduces negative

Poyt (dBm), Gain (dB), bs (mA)

charges and an additional gate negative voltage
which lead in a smaller effective carrier
concentration. Since these traps have very long
time constants, their presence manifests in
changes of DC characteristics but their impact on
microwave performance is relatively small.
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Fig. 3: Power characteristics and /pg of 0.25x150
um’ AlGaN/GaN HEMTs before and after RF
stress.

IV. Dispersion of Output Resistance and
Transconductance

The dispersion of output resistance was
measured by applying a DC voltage to the gate,
while an AC signal with a DC voltage offset was
used for the drain bias. The dispersion effects
can be measured directly from the AC voltage
across a sensing resistor at the drain terminal. A
similar setup with AC signal applied to the gate
side was used for transconductance dispersion
measurements. The measurement was
performed in the frequency range of 50 Hz to
100 kHz.

Fig. 4 shows the transconductance
dispersion after RF stress. Since the extrinsic g,
is closely related to the source access resistance,
the g,, measurement can be used to evaluate the
dispersion characteristics of the gate-source
lateral region. Very little dispersion of
transconductance was observed for both cases
before and after RF stress, which suggests that
the traps of the device are not located in the gate-
source region. The latter also agrees with the
fact that carriers accelerate along the channel and
attain high energy within the gate-drain area.
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Therefore, carriers are more likely to participate
in the trapping-detrapping process in the vicinity
of the drain terminal. The pronounced
dispersion effects of Rps shown below support
this assumption.
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Fig. 4. Frequency-dependent transconductance
of 0.25x150 pm’> AlGaN/GaN HEMTs from 50
Hz to 100 kHz after RF stress.

Fig. 5 shows the output resistance dispersion
before and after RF stress at V5= -3 V and under
different Vps. Dispersion of Rps was observed
before and after RF stress and the devices
showed smaller output resistance dispersion after
RF stress. Considering that Rps is related to the
number of carriers in the channel when Vpg
changes, the reduced Rps dispersion implies
smaller carrier variation after RF stress. Since
traps are likely to be filled up after RF excitation,
there are less traps available for the carrier
trapping-detrapping process. As a result, less
Rps dispersion was observed after RF stress.

V. Impact of UV Light on RF-stressed
Devices

To investigate the trapping effects on wide
bandgap GaN-based devices, high power UV
light was applied to the RF-stressed devices. UV
light contains photons with energy higher than
the bandgap of GaN, and therefore it can be used
to excite deep level traps in the GaN-based
devices. Fig. 6 compares the /-V characteristics
before RF stress and after RF stress followed by
exposure to continuous UV light. Under strong
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Fig. 5: Frequency-dependent output resistance of
0.25x150 pm® AlGaN/GaN HEMTs from 50 Hz
to 100 kHz before and after RF stress.

UV light, the trapped carriers are fully excited,
and therefore the additional negative charges
introduced by traps are eliminated, with the
result of increased drain current. As can be seen,
the drain current is completely recovered from
the reduction due to RF stress and becomes even
higher than the value before RF stress. The
result suggests that traps may be partially filled
before RF excitation. Moreover, the reduction of
Ips after RF stress appears to be mainly related to
traps rather than a permanent damage of the
device.
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Fig.6: DC I-V characteristics of 0.25x150 pm’
AlGaN/GaN HEMTs before RF stress and after
RF stress followed by UV light exposure.
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Fig. 7 compares the power characteristics of
devices before RF stress and after RF stress
followed by exposure to continuous UV light.
As can be seen, the output power and gain are
similar, while Ips and PAE are different. The
drain current Ipg is higher and reduces at a
slower rate after exposure to UV light. This is
due to traps, which are no longer filled
eliminating therefore the virtual gate effects. A
further reduction of Ips is observed at input
power level exceeding ~ 10 dBm. This occurs
with and without UV light exposure and is
related to thermal effects. On the other hand, the
reduced PAE can be ascribed to the increased
drain current level with UV light. Since P,,, and
gain are similar, a higher drain current translates
in a higher DC power consumption and therefore
a lower PAE.
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Fig.7: Power characteristics of 0.25x150 um’
AlGaN/GaN HEMTs before RF stress and after
RF stress followed by UV light exposure.

VI. Conclusion

Overall, the impact of RF stress on
AlGaN/GaN HEMTs was investigated by means
of microwave power and low-frequency
dispersion measurements. The devices present a
significant DC current change after RF power
stress. However, only small variation was
observed for microwave power characteristics.
Filled up traps with long time constants due to
RF excitation may be responsible for this
finding. The dispersion measurements suggest
that traps are mainly located in the gate-drain
area and less traps are available for the trapping-
detrapping process after RF stress. In addition,

PAE (%)

devices tested under UV light show drain current
recovery indicating that the trapping effects are
responsible for the observed characteristics. The
results help to identify the origin of current
instability and dispersion effects of AlGaN/GaN
HEMTs and lead to further improvement of the
device performance.
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