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Enhancement-mode p-GaN gate HEMTs are well-suited for power
electronics applications due to their balanced electrical perfor-
mance and manufacturing stability [1]. In particular, Schottky-
type p-GaN gate offers reduced gate leakage and enhanced gate
operating voltage. However, Schottky p-GaN HEMTs still face
key challenges such as low threshold voltage (Vry) and signifi-
cant Vg instability under both gate and drain bias stress [2, 3].
The source-connected p-GaN HEMT has been proposed as an
effective approach for enhancing Vrp [4]. Subsequently, p-GaN
bridges are implemented in AlGaN-channel ohmic-type p-GaN
gate HEMTs [5], achieving higher Vg but with significant gate
leakage. However, the physical mechanisms through which the p-
GaN bridge enhances Vpp remain inadequately understood and
require deeper investigation. More importantly, the integration
of multiple p-GaN bridges into Schottky p-GaN HEMTs and their
potential advantages for enhancing Vi and Vipy stability remains
largely unexplored and warrants further comprehensive investiga-
tion.

In this work, we propose the integration of multiple p-GaN
bridges into Schottky-type p-GaN gate HEMTs (PB-HEMTS),
achieving significant threshold voltage (Vry) enhancement and
enabling wide-range Vg modulation by varying the number of
bridges. To elucidate the Vi enhancement mechanism, a gate
equivalent circuit model is developed and comprehensively ana-
lyzed. Importantly, it is demonstrated that the multiple p-GaN
bridges structure effectively functions as the discharge path for the
floating p-GaN layer, substantially improving Vry stability under
gate and drain voltage stress. Moreover, the gate metal/p-GaN
Schottky junction continues to function, thereby ensuring low gate
leakage.

Experiment. Figures 1(a) and (b) illustrate the structure and
micrograph of the PB-HEMT. Details of the device fabrication
process can be found in Appendix A.

Results and discussion. Figure 1(c) shows the transfer char-
acteristics of the C-HEMT and PB-HEMTs with 1, 2, 3, 4, and
5 bridges. The PB-HEMTs demonstrate a significantly enhanced
Vra, with a wide modulation range from 2.25 to 3.05 V achiev-
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able by varying the number of p-GaN bridges. The on-resistance of
the PB-HEMT exhibits a slight increase with a greater number of
bridges (Figure 1(d)). As shown in Figure 1(e), the PB-HEMTSs
exhibit a slight increase in gate forward leakage (Ig) compared
to the C-HEMT, which is attributed to additional gate-to-source
leakage paths introduced by the p-GaN bridges. Nevertheless, the
reverse-biased metal/p-GaN Schottky junction in PB-HEMT re-
mains functional, thereby maintaining the Ig at a low level. The
transfer length method (TLM) measurements of the p-GaN /source
ohmic contact characteristics indicate relatively high current and a
low reverse barrier, suggesting that the p-GaN/source metal con-
tact forms a weak Schottky junction with high leakage (Jur-scm)
as shown in Figure 1(f). Therefore, the p-GaN bridges are suffi-
cient to establish conductive paths for charge transfer between the
gate and source before the channel is fully turned on.

Figures 1(g)—(i) show the equivalent gate circuits of C-HEMT
and PB-HEMT. The gate stack of the C-HEMT can be mod-
elled as a p-GaN/metal Schottky junction (Jscmg) with a p-
GaN/AlGaN/GaN PIN junction (Jpin) connected back-to-back in
series [3]. In the PB-HEMT, the Jyi,_scu and the p-GaN bridge
resistance create a secondary path in parallel with Jpin between
the gate and source. The source ground potential is transmitted
through this path into the p-GaN, thereby reducing the electrical
potential (Vprn) at the anode of Jpin diode. Consequently, PB-
HEMT requires a higher gate voltage to elevate Vpin to the level
necessary for channel turn-on, resulting in an increased Viyy.

To comprehensively evaluate the Vg stability of both the C-
HEMT and PB-HEMTSs, dynamic and static bias stress tests have
been conducted respectively. Figure 1(j) demonstrates that under
0-40 V pulsed drain stress, the C-HEMT exhibits a substantial
positive Vipgp shift of 0.78 V, while the PB-HEMT shows a signif-
icantly reduced shift of only 0.21 V. More notably, under pulsed
gate stress (Figure 1(k)), the PB-HEMT maintains exceptional
stability with a negligible Vg shift of merely 0.09 V, in sharp
contrast to the considerable negative shift of 0.92 V observed in
the C-HEMT. The superior Vppg stability of the PB-HEMT is
further demonstrated under static bias conditions (Figures 1(1)
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Figure 1 (Color online) (a) Schematic diagram and (b) micrograph of PB-HEMT; (c) transfer (d) output (e) gate leakage characteristics of

C-HEMT and PB-HEMT with 1, 2, 3, 4, and 5 bridges; (f) TLM test

results of p-GaN/source ohmic contact; equivalent gate circuits of (g)

C-HEMT and (h) PB-HEMT; (i) top view of equivalent circuit the PB-HEMT with three bridges; transfer curves of C-HEMT and PB-HEMT
(with three bridges) under (j) pulsed drain stress, (k) pulsed gate stress, (1) static drain stress, (m) static gate stress; Vy shifts of two devices
under long-term stress: (n) Vps = 400 V, (o) Vgs = 7 V, and (p) Vbs = 200 V at 25°C and 150°C; (q) charge storage mechanism in p-GaN
under high drain stress; (r) charge release mechanism through the p-GaN bridges of PB-HEMT; (s) band diagrams of Schottky p-GaN HEMT

gate region under forward gate bias stress.

and (m)). The PB-HEMT exhibits remarkably small Vg shifts
of 0.19 V under 400 V drain stress and 0.06 V under 8 V gate
stress, representing a substantial improvement over the C-HEMT.
The Vry stability of PB-HEMTs with 1 to 5 bridges is system-
atically characterized. As the p-GaN bridge count increases, the
drain-induced Vg shift decreases monotonically. Meanwhile, the
gate-induced Vry shift exhibits a negative reduction followed by a
positive increase, primarily attributed to the competition between
positive and negative charge storage. Detailed results and discus-
sions are provided in Appendixes D and E. Figures 1(n) and (o)
demonstrate the superior Vipy stability of PB-HEMT compared to
C-HEMT under long-term (0-1000 s) bias stress at Vpg = 400 V
and Vgg = 7 V, respectively. Furthermore, PB-HEMT maintains
stable Vg under high-temperature stress at 150°C, as shown in
Figure 1(p).

The Vpp instability in Schottky p-GaN gate HEMTSs is pri-
marily attributed to the storage of non-equilibrium charges in the
p-GaN layer [2]. Under high drain stress, hole emission from the
p-GaN layer toward the gate occurs, resulting in hole deficiency
in p-GaN layer (Figure 1(q)). When switched to the on-state,
the reverse-biased Jgcp under forward gate bias inhibits hole re-
plenishment, while the resulting accumulation of negative charges
in p-GaN layer induces a positive Vg shift. Conversely, under
high gate stress (Figure 1(s)), excessive hole injection into p-GaN
layer leads to positive charge accumulation, causing negative Vi
shifts. In PB-HEMT, the unique multi-bridge structure enables
rapid hole transfer to the floating p-GaN through the source con-
nection, effectively releasing the non-equilibrium negative charges
accumulated in p-GaN layer after drain stress (Figure 1(r)). By
the same mechanism, the excessive hole injection and accumula-
tion in p-GaN layer under forward gate stress can be efficiently
released through the p-GaN bridges to source electrode. Conse-

quently, the PB-HEMT demonstrates exceptional Vry stability
under both high drain and gate bias stress.

Conclusion. We propose to increase the Vg and enhance the
Vru stability of Schottky p-GaN gate HEMTs through multiple
p-GaN bridges engineering. By varying the number of p-GaN
bridges, a wide range of Vg modulation can be achieved. The
enhanced Vi stability is attributed to the role of the p-GaN
bridges as discharge paths for the floating p-GaN layer, which
facilitates rapid charge release and replenishment, thereby effec-
tively suppressing the charge storage effect. The fabrication of the
PB-HEMT is compatible with conventional p-GaN gate HEMT
processes without requiring additional steps, indicating strong po-
tential for highly reliable power electronics applications.
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