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Abstract—In this article, the effect of negative gate bias
stress and temperature on threshold voltage (Vth) and on-state
resistance (Ron) instability of 650 V Schottky p-GaN gate HEMT
devices from different manufacturers was explored. It is found
that the there was an immediate Vth drift once the device was
stressed. With the decrease in the negative gate voltage (Vgs), the
variation in Vth (∆Vth) and the variation in Ron (∆Ron) became
more significant. The measuring Vgs also played an important
role when the testing Vgs was low. The low temperature can lead
to the constant increment in ∆Vth, while ∆Vth decreased and then
increased at elevated temperatures. The trapping/de-trapping
speeds of electrons and holes were enhanced with temperature.
The substantial increase in ∆Ron at high temperatures can
increase the loss of devices to a great extent. The instability of
the static performances of Schottky p-GaN gate HEMT devices
are harmful to the real application.

Index Terms—GaN HEMT, Negative Bias Stress Instability,
Temperature.

I. INTRODUCTION

Wide-bandgap power semiconductor devices, i.e. Silicon
Carbide (SiC) [1] and Gallium Nitride (GaN) [2] are now key
in power electronics applications. GaN High Electron Mobility
Transistors (HEMTs) are in particular regarded as promising
competitors in high frequency and high power density
power electronic systems owing to the exceptional material
properties [3]–[5]. In the pursuit of safe operation, accurate
measurements [6] and to simplify gate driver designs [7],
the adoption of normally-off GaN devices becomes important.
Among many approaches to achieve normally-off design, the
implementation of a p-GaN structure between gate metal
and AlGaN/GaN junction to lift up the band diagram has
received wide application due to the balance among cost,
manufacturability and performance [8], [9]. Depending on
the selection of the metal, doping of p-GaN stack and
manufacturing process, the contact between p-GaN layer and
gate electrode is either Ohmic type or Schottky type. The
Ohmic p-GaN gate HEMT device has the merits of threshold
voltage (V th) stability, but it is a current-driven device, which
has the drawback of large gate leakage current and high driving
loss. The Schottky p-GaN technology can effectively reduce
the gate current and achieve voltage-driven characteristics,
which is advantageous to reduce the loss and facilitate the
design of the gate driver.

Nevertheless, the introduced p-GaN layer between the
gate metal and the barrier layer is floating in terms of
electrical potential, as shown in Fig. 1. The existence of
the Schottky p-GaN layer naturally forms two back-to-back
connected p-n junctions. The p-GaN/gate electrode is a
Schottky diode (J1) with a parallel-connected capacitance
(C1), while the p-GaN/AlGaN/GaN forms a P-i-N diode (J2)
with a parallel-connected capacitance (C2). The floating stack
makes the device susceptible to various forms of stress and is
likely to induce performance instability [10], [11]. Recently,
the researchers have investigated the impact of static/dynamic
gate voltage (Vgs) stress and off-state drain-source voltage
stress on the device performance [12], [13]. Considering that
the negative gate voltage is often applied to avoid false turn-on
and the necessity of GaN HEMT devices to work under
various temperatures, it is imperative to study these operating
conditions on the performance instability of GaN HEMT
devices. Therefore, negative gate bias stress/recovery tests
were conducted on the Schottky p-GaN gate HEMT devices
from different manufacturers under different gate biases and
a wide temperature range. The experiment methodology was
illustrated in Section II. The drift patterns and mechanisms in
V th and on-state resistance (Ron) under different test conditions
were measured and analyzed in Section III. The conclusion
was drawn in Section IV.

Fig. 1. Cross section of Schottky p-GaN gate HEMT.



II. EXPERIMENT METHODOLOGY

Two separate devices of different manufacturers are tested,
GPI65015DFN as 650 V/15 A Schottky p-GaN gate HEMT
and GS-065-018-2-L as 650 V/18 A Schottky p-GaN
gate HEMT. The experimental procedure adhered to the
typical measure-stress/recovery-measure sequence [14]. The
schematic diagram of the test method is depicted in Fig. 2.
In the bias stress test [15], negative Vgs of -2 V, -4 V, -6 V,
-8 V, and -10 V was applied on the devices for 1000 sec.
Subsequently, the electrical stress was removed in the recovery
phase and the devices naturally recovered for another 1000 sec.
To examine the static performance instability of GaN HEMT
devices under various temperatures, the devices were stressed
and recovered in the thermal chamber (TAS LTCL600) for
each 1000 sec. The test temperature ranged from -50◦C
to 150◦C, with a fixed Vgs of -10 V. To characterize the
performance of the devices, the I-V curves of devices were
collected by the source measuring unit (B2902A) after 1 ms,
10 ms, 100 ms, 1 sec, 10 sec, 50 sec, 100 sec, 500 sec, and
1000 sec during stress and recovery phases. The measuring
Vgs was swept from 0-6 V, and drain-source voltage (Vds)
was chosen at a low value of 0.1 V intentionally to minimize
the injection of electrons/holes during characterization. The
resistance on the wires can be excluded by adopting four point
probe method.

Fig. 2. Test schematic: (a) Stress & recovery phase, (b) I-V characterization.

III. NEGATIVE BTI TEST RESULTS AND ANALYSIS

A. Negative Gate Bias Stress Test under Different Vgs

The variations in V th (∆V th) under different negative gate
bias stress (NBTI) tests [16] are depicted in Fig. 3 and Fig. 4,
respectively. ∆V th is defined as the change in V th during the
stress and recovery phases compared with the initial V th at
each group of the test. For the GPI65015DFN GaN HEMT
device, a sharp ∆V th increase of 0.4 V happened once the
stress was applied, regardless of the magnitude of Vgs. At low
Vgs of -2 V, ∆V th kept decreasing until the last data collection

point. With the decrease in test Vgs, ∆V th started to increase at
earlier time points. During the recovery phase, a voltage jump
also happened after applying the first measuring voltage. Then,
V th slowly returned to the initial value at a similar speed under
all conditions. As for the GS-065-018-2-L GaN HEMT device,
a sharp initial ∆V th jump was observed as well, which was
voltage-related and was higher than the GPI65015DFN device.
Besides, ∆V th of the GS-065-018-2-L device kept decreasing
at -2 V, while it decreased before 500 sec during stressing
and finally increased at 1000 sec at other test Vgs. The turning
point of ∆V th occurred much slower than the GPI65015DFN
device. In the recovery phase, ∆V th reduced at a equivalent
speed, similar to the GPI65015DFN device.

Fig. 3. Shift of ∆V th of GPI65015DFN device in negative gate bias test at
different Vgs: (a) Stress phase, (b) Recovery phase.

Under the negative gate bias stress, the Schottky diode J1
of GaN HEMT devices was forward biased and the P-i-N
diode J2 was reversed biased. The barrier height of the
gate metal/p-GaN was reduced, which facilitated the electron
tunneling from the gate metal to the p-GaN layer and the
hole emission from the p-GaN layer to the gate metal [17].
As the gate bias became more negative, more electrons
were injected to the gate p-GaN stack and more holes were
emitted to the gate metal. The progressively deficient holes
and increased ionized negative acceptors in the p-GaN layer
induced the increase in ∆V th and the right shift in I-V curves
for the GPI65015DFN device, especially at low Vgs tests.
As for the GS-065-018-2-L device, ∆V th demonstrated a
slower shifting speed, which was caused by the difference
in trapping/de-trapping time constant of electrons and holes



Fig. 4. Shift of ∆V th of GS-065-018-2-L device in negative gate bias test at
different Vgs: (a) Stress phase, (b) Recovery phase.

due to different device technology. It should be mentioned
that for both devices, an initial V th jump was observed.
Since positive Vgs was applied to characterize the device
performance, the testing Vgs shortly induced the reverse bias
of J1 and the forward bias of J2. In this transient, holes can
accumulate at the p-GaN/AlGaN interface or even trapped in
the AlGaN layer, while the electrons were injected from the
2DEG (Two-Dimensional Electron Gas). However, the release
of electrons was much faster than the emission of holes [14],
[18], which led to the transient deficiency of positive charges
and increased in V th. During the recovering phase, the injected
electrons and holes started to drift back to the original state
and V th gradually reduced to original values.

The variations in Ron (∆Ron) of GPI65015DFN and
GS-065-018-2-L devices under different negative gate bias
conditions are demonstrated in Fig. 5 and Fig. 6, respectively.
Likewise, ∆Ron is defined as the variance of Ron in comparison
to the initial Ron measured at the beginning of each test. For
the GaN HEMT device from GPI65015DFN, ∆Ron increased
with the decrease of the applied Vgs, and the obvious change
in ∆Ron was seen after 50 sec. During the recovery, ∆Ron
increased at the -2 V test, while ∆Ron decreased under the rest
of test conditions. Regarding the GS-065-018-2-L GaN HEMT
device, ∆Ron constantly decreased during the stressing phase
and continuously increased during the recovery phase at the
-2 V test. However, ∆Ron decreased at first and then increased
after 100 sec in the stressing stage, while ∆Ron increased
originally and then experienced a drop after 500 sec at all

the other Vgs tests.

Fig. 5. Shift of ∆Ron of GPI65015DFN device in negative gate bias test at
different Vgs: (a) Stress phase, (b) Recovery phase.

The shift in ∆Ron was related to the variation in ∆V th. For
both tested GaN HEMT devices, the injection of electrons
into the p-GaN layer and the emission of the holes from the
p-GaN stack can lead to the depletion in the positive charges
under negative gate bias stress. With the decrease in negative
Vgs, the p-GaN stack became less positive, further inducing
the increase in ∆Ron during stressing period. However,
the recovery of Ron of GPI65015DFN and GS-065-018-2-L
devices behaved differently. ∆Ron of the GPI65015DFN
HEMT decreased with time under most test conditions, while
∆Ron of the GS-065-018-2-L HEMT increased and then
decreased. For the device from GPI65015DFN, the removed
holes drifted back and Ron gradually recovered. Because the
time constant of holes is larger compared with electrons, the
p-GaN stack slowly reestablished and the evident recovery of
Ron was not observed until 50 sec. For the GS-065-018-2-L
device, the positive drift of ∆Ron was more affected by the
measuring Vgs. The fast spill over of the electrons from the
2DEG channel during the characterization reduced the holes
in the p-GaN stack, leading to a positive shift in the I-V curve,
thereby increasing the Ron. After abundant recovery time, the
restore of holes became dominant. Hence, ∆Ron started to
recover again. It is worth mentioning that at the negative
Vgs test of -2 V, the reduction in holes in the p-GaN stack
was minor for both devices. The measuring Vgs of 6 V had
an strong impact on the performance instability of Schottky
p-GaN gate HEMT devices.



Fig. 6. Shift of ∆Ron of GS-065-018-2-L device in negative gate bias test at
different Vgs: (a) Stress phase, (b) Recovery phase.

B. NBTI Gate Bias Stress Under Different Temperatures

The shifts in ∆V th of GPI65015DFN and GS-065-018-2-L
devices under Vgs stressing test of -10 V at different
temperatures are shown in Fig. 7 and Fig. 8, respectively.
Several interesting phenomenon can be found. Firstly, for the
GPI65015DFN device, ∆V th increased with the progress of
the stressing test at -50◦C and -25◦C. When the ambient
temperature rose above 0◦C, ∆V th decreased at first and
then increased. The turning point moved leftwards as the
temperature was elevated, as can be found in Fig. 7. Secondly,
the initial V th increment increased with temperature from
-50◦C to 75◦C, but the increment dropped instead when the
temperature was further increased. Thirdly, the shift of ∆V th of
GS-065-018-2-L device under different temperatures behaved
in a different way. At -50◦C and -25◦C, the overall increasing
trend in ∆V th was slowed, and the obvious ∆V th change
happened after 100 sec. At 0◦C, ∆V th kept declining after the
initial jump. Although the drop-and-increase trend was also
found at elevated temperatures, the reduction in ∆V th became
much more significant compared with the GPI65015DFN
device. Finally, the recovery of ∆V th was accelerated with
the increase of temperature for both devices.

For the negative gate bias stress test at -10 V, the
testing temperature had a significant impact on the device
performance. Since the initial ∆V th jump increased with
temperature under specific conditions, it can be inferred
that the tunneling of electrons was greatly restrained at low
temperatures below 0◦C. With the increase in temperature, the

Fig. 7. Shift of ∆V th of GPI65015DFN device under negative gate bias test
at different temperatures: (a) Stress phase, (b) Recovery phase.

Fig. 8. Shift of ∆V th of GS-065-018-2-L device under negative gate bias test
at different temperatures: (a) Stress phase, (b) Recovery phase.



trapping of electrons became easier due to enhanced energy.
In the meantime, the holes injected into the p-GaN stack by
the positive measuring gate bias also became stronger [19].
Hence, a ∆V th drop happened faster in Fig. 7 and Fig. 8. Due
to different gate structure technology, the magnitude of the
drop for two devices was different. The recovery of V th was
also accelerated because of faster de-trapping speed.

The changes in ∆Ron of GPI65015DFN and
GS-065-018-2-L devices under negative gate bias tests
at different temperatures are shown in Fig. 9 and Fig. 10,
respectively. For both GaN HEMT devices, ∆Ron had minor
variations at low temperatures below 0◦C. With the increase
in temperature, the drift in ∆Ron became more substantial and
faster during the stressing phase. At the end of the test, ∆Ron
increased by 23.99 mΩ for the GPI65015DFN device and
32.65 mΩ for the GS-065-018-2-L device. In the recovery
phase, ∆Ron slowly recovered to the initial state and the
recovery was expedited with the increasing temperature.

Fig. 9. Shift of ∆Ron of GPI65015DFN device under negative gate bias test
at different temperatures: (a) Stress phase, (b) Recovery phase.

The reduction in positive charges led to the positive shift
of I-V curves. Correspondingly, Ron increased with time. With
the rise in ambient temperature, the deficiency of holes became
more significant and the drift in ∆Ron occurred faster. Apart
from the tunneling of electrons from the gate metal and the
emission of holes from the p-GaN layer, it is deduced that
the increased temperature has energized the electrons in the
2DEG. The electrons with high energy can inject into the
p-GaN layer and contributed to the increase in ∆Ron as well.

Fig. 10. Shift of ∆Ron of GS-065-018-2-L device under negative gate bias
test at different temperatures: (a) Stress phase, (b) Recovery phase.

IV. CONCLUSION

In this paper, the static performance instabilities of 650 V
Schottky p-GaN gate HEMT devices were characterized
under various negative gate bias stresses. Based on the test
results, the drifts in ∆V th and ∆Ron were dependent on the
Vgs magnitude, temperature, and device technology. It was
discovered that as long as the measuring Vgs was applied,
there was a positive ∆V th. With the decrease in negative Vgs,
the decrease in ∆V th gradually turned into increase during
the stressing stage, and the increment in ∆Ron was larger.
The positive shifts in ∆V th and ∆Ron were attributed to the
holes deficiency in the p-GaN stack, and the measuring Vgs
played an important role when the negative gate bias was
low. Besides, ∆V th increased at temperature below 0◦C in the
stressing period. With the increase in temperature, the overall
trend of ∆V th decreased and then increased. The initial ∆V th
jump increased with temperature below 75◦C, but it reduced
once the temperature reached above 75◦C. The ∆Ron drifted
significantly with the increase in ambient temperature at -10 V,
which is disadvantageous to the device application.

REFERENCES

[1] S. Jahdi, O. Alatise, J. A. Ortiz Gonzalez, R. Bonyadi, L. Ran, and
P. Mawby, “Temperature and switching rate dependence of crosstalk
in si-igbt and sic power modules,” IEEE Transactions on Industrial
Electronics, vol. 63, no. 2, pp. 849–863, 2016.



[2] Y. Gunaydin, S. Jahdi, X. Yuan, R. Yu, C. Shen, S. P. Munagala,
A. Hopkins, N. Simpson, M. Hosseinzadehlish, J. Ortiz-Gonzalez, and
O. Alatise, “Unclamped inductive stressing of gan and sic cascode power
devices to failure at elevated temperatures,” Microelectronics Reliability,
vol. 138, p. 114711, 2022.

[3] E. A. Jones, F. F. Wang, and D. Costinett, “Review of commercial gan
power devices and gan-based converter design challenges,” IEEE journal
of emerging and selected topics in power electronics, vol. 4, no. 3, pp.
707–719, 2016.

[4] Y. Gunaydin, S. Jahdi, O. Alatise, J. O. Gonzalez, R. Wu, B. Stark,
M. Hedayati, X. Yuan, and P. Mellor, “Performance of wide-bandgap
discrete and module cascodes at sub-1 kv: Gan vs. sic,” Microelectronics
Reliability, vol. 125, p. 114362, 2021.

[5] Y. Gunaydin, S. Jahdi, O. Alatise, J. O. Gonzalez, M. Hedayati, B. Stark,
J. Yang, X. Yuan, and P. Mellor, “Impact of temperature and switching
rate on forward and reverse conduction of gan and sic cascode devices: A
technology evaluation,” in The 10th International Conference on Power
Electronics, Machines and Drives (PEMD 2020), 2020, pp. 782–787.

[6] H. C. P. Dymond, Y. Wang, S. Jahdi, and B. H. Stark, “Probing
techniques for gan power electronics: How to obtain 400+ mhz
voltage and current measurement bandwidths without compromising pcb
layout,” in PCIM Europe 2022; International Exhibition and Conference
for Power Electronics, Intelligent Motion, Renewable Energy and Energy
Management, 2022, pp. 1–10.

[7] S. Leonovs, S. Jahdi, H. C. P. Dymond, and B. H. Stark, “Use
of an nsga-ii genetic algorithm and active gate driving to improve
simulated gan power electronic switching waveforms,” in PCIM Europe
2022; International Exhibition and Conference for Power Electronics,
Intelligent Motion, Renewable Energy and Energy Management, 2022,
pp. 1–10.

[8] Y. Cheng, J. He, H. Xu, K. Zhong, Z. Zheng, J. Sun, and K. J. Chen,
“Gate reliability of schottky-type p-gan gate hemts under ac positive gate
bias stress with a switching drain bias,” IEEE Electron Device Letters,
vol. 43, no. 9, pp. 1404–1407, 2022.

[9] M. Millesimo, M. Borga, B. Bakeroot, N. Posthuma, S. Decoutere,
E. Sangiorgi, C. Fiegna, and A. Tallarico, “The role of frequency and
duty cycle on the gate reliability of p-gan hemts,” IEEE Electron Device
Letters, vol. 43, no. 11, pp. 1846–1849, 2022.

[10] S.-W. Tang, B. Bakeroot, Z.-H. Huang, S.-C. Chen, W.-S. Lin, T.-C. Lo,
M. Borga, D. Wellekens, N. Posthuma, S. Decoutere et al., “Using gate

leakage conduction to understand positive gate bias induced threshold
voltage shift in p-gan gate hemts,” IEEE Transactions on Electron
Devices, vol. 70, no. 2, pp. 449–453, 2022.

[11] L. Gill, S. DasGupta, J. Neely, R. Kaplar, and A. Michaels, “A review
of gan hemt dynamic on-resistance and dynamic stress effects on field
distribution,” IEEE Transactions on Power Electronics, 2023.

[12] R. Wang, J.-M. Lei, H. Guo, R. Li, D.-J. Chen, H. Lu, R. Zhang, and
Y.-D. Zheng, “VT shift and recovery mechanisms of p-gan gate hemts
under dc/ac gate stress investigated by fast sweeping characterization,”
IEEE Electron Device Letters, vol. 42, no. 10, pp. 1508–1511, 2021.

[13] J. Chen, M. Hua, J. Wei, J. He, C. Wang, Z. Zheng, and K. J. Chen,
“Off-state drain-voltage-stress-induced V th instability in schottky-type
p-gan gate hemts,” IEEE Journal of Emerging and Selected Topics in
Power Electronics, vol. 9, no. 3, pp. 3686–3694, 2020.

[14] X. Chao, C. Tang, C. Wang, J. Tan, L. Ji, L. Chen, H. Zhu, Q. Sun,
and D. W. Zhang, “Observation and analysis of anomalous v th shift
of p-gan gate hemts under off-state drain stress,” IEEE Transactions on
Electron Devices, vol. 69, no. 12, pp. 6587–6593, 2022.

[15] A. Deb, J. O. Gonzalez, E. Bashar, S. Jahdi, M. Taha, P. Mawby,
and O. Alatise, “On the repeatability and reliability of threshold
voltage measurements during gate bias stresses in wide bandgap power
devices,” in 2022 IEEE Workshop on Wide Bandgap Power Devices and
Applications in Europe (WiPDA Europe), 2022, pp. 1–6.

[16] J. Ortiz Gonzalez, M. Hedayati, S. Jahdi, B. Stark, and O. Alatise,
“Dynamic characterization of sic and gan devices with bti stresses,”
Microelectronics Reliability, vol. 100-101, p. 113389, 2019.

[17] S. Li, Z. He, R. Gao, Y. Chen, Y. Chen, C. Liu, Y. Huang, and G. Li,
“Time-dependent threshold voltage instability mechanisms of p-gan gate
algan/gan hemts under high reverse bias conditions,” IEEE Transactions
on Electron Devices, vol. 68, no. 1, pp. 443–446, 2020.

[18] S. Yang, S. Huang, J. Wei, Z. Zheng, Y. Wang, J. He, and K. J. Chen,
“Identification of trap states in p-gan layer of a p-gan/algan/gan power
hemt structure by deep-level transient spectroscopy,” IEEE Electron
Device Letters, vol. 41, no. 5, pp. 685–688, 2020.

[19] H. Wu, X. Fu, J. Guo, Y. Wang, T. Liu, and S. Hu, “Time-resolved
threshold voltage instability of 650-v schottky type p-gan gate hemt
under temperature-dependent forward and reverse gate bias conditions,”
IEEE Transactions on Electron Devices, vol. 69, no. 2, pp. 531–535,
2022.


