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GaN power devices have broad application prospects in
fast charging systems, power supplies, data centers, and
electric vehicles due to their high critical breakdown field
strength, high switching frequency, and high conversion ef-
ficiency [1-3]. AlGaN/GaN/AlGaN double-heterostructure
(DH) high-electron-mobility transistors (HEMTs) have been
extensively studied owing to their low leakage current and
low off-state power dissipation. Although investigations
on DH-HEMTSs have achieved great breakthroughs regard-
ing the static power dissipation in recent years, the dy-
namic characteristics and reliability of DH-HEMTs have
rarely been studied. Moreover, DH-HEMTSs are required
to further improve the breakdown voltage and reduce the
power dissipation of devices to meet the requirements
of numerous applications, such as electric vehicles/hybrid
electric vehicles and the charging infrastructure. In this
study, Alg.3Gag.7N/GaN/Alg.1Gag.oN DH-HEMTs with an
Ohmic/Schokkty hybrid drain and AlxOgz/SiO2 passiva-
tion were fabricated. A high breakdown voltage of more
than 3000 V and a leakage current below 0.1 pA/mm
were achieved for the Alp.3Gag.7N/GaN/Alg.1Gag.9gN DH-
HEMTSs. Moreover, these devices exhibit excellent dynamic
characteristics.

Material growth —and device fabrication. The
Alp.3Gag.7N (24 nm)/GaN (10 nm)/Alp.1Gag.9N (200 nm)
epitaxial wafer used in this study was grown onto a two-inch
C-plane sapphire substrate via metal-organic chemical vapor
deposition (MOCVD). The first step of the device fabrica-
tion consisted of isolating the mesa. Subsequently, two types
of DH-HEMTSs with different drain contacts (i.e., a conven-
tional Ohmic drain and an Ohmic/Schottky hybrid drain)

were fabricated on the same wafer. The gate metal and
the Schottky contact in the drain were fabricated through
a one-step lithography process and electron beam evapora-
tion. Then, 3 nm Alo O3 and 800 nm SiO2 were sequentially
deposited using thermal atom layer deposition (ALD) and
plasma-enhanced chemical vapor deposition (PECVD), re-
spectively, for passivating the DH-HEMTs. Finally, contact
vias were opened via ion-beam etching, and the power metal
Ni/Au (50/500 nm) used for interconnection was deposited
using electron beam evaporation. Figure 1(a) shows the
cross-sectional schematic profiles of the DH-HEMTs with
an Ohmic/Schottky hybrid drain.

Results and discussion. Figure 1(b) shows the output
characteristics of the DH-HEMTs with an Ohmic/Schottky
hybrid drain and conventional Ohmic drain. Figure 1(c)
shows the transfer and gate leakage characteristics of the
DH-HEMTs with the different drain structures. Both de-
vices present similar transfer and gate leakage curves. Fig-
ure 1(d) shows the Ion/Iorr ratio and SS as a function
of temperature. The Ion/Iorr ratio remains as high as
10° for the DH-HEMTs with a hybrid drain at 473 K. SS
increases from 63 to 105 mV/dec as the measurement tem-
perature increased from room temperature to 473 K. These
results indicate that the DH-HEMTs with a hybrid drain
have excellent high temperature characteristics. The thresh-
old voltage shift (Vry) as a function of the duration of the
applied stress under different gate bias stresses is illustrated
in Figure 1(e). The Vpy shift is less than 0.25 V under gate
bias stresses of —20, —10, and 2 V. Figure 1(f) shows the
off-state breakdown characteristics of the DH-HEMT's with
a hybrid drain and different Lgp values. The breakdown
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(Color online) (a) Cross-sectional schematic profiles of the DH-HEMTs with an Ohmic/Schottky hybrid drain. (b) Out-

put characteristics and (c) transfer characteristics of the Alg.3Gag.7N/GaN/Alg.1Gag.9oN DH-HEMTs with different drain structures
and Lgp = 6, 52 pm. (d) Ion/Iorr ratio and SS as a function of temperature. (e) Vry as a function of the duration of the
applied stress under different gate bias stresses. (f) Breakdown characteristics of the Aly.3Gag.7N/GaN/Aly.1Gag.9N DH-HEMTSs
with a hybrid drain and a conventional Ohmic drain at Vgs = —8 V. The gate leakage current curve for Lgp = 52 pm is also
illustrated. (g) Normalized Ro, at different quiescent drain bias points.

voltage (Vr) is defined as the drain voltage at which the
leakage current reaches 0.1 pA/mm. The Vg values of the
DH-HEMTSs with a hybrid drain are 553, 747, 990, 1598, and
2032 V for Lgp = 6, 8, 10, 17, and 22 pum, respectively. The
ViR of the DH-HEMTSs with a hybrid drain is greater than
that with a conventional Ohmic drain owing to the better
edge and surface metal morphology [4]. It is worth noting
that, in the case of Lgp = 52 um, the breakdown voltage
exceeds 3000 V. Additionally, the off-state leakage current
at Vps = 3000 V is around 1078 mA /mm, which indicates
that the off-state power dissipation is only 3 uW/mm. Fig-
ure 1(g) shows the dynamic on-resistance (Ron) degradation
of the DH-HEMT's with a hybrid drain and AloOz/SiO2 pas-
sivation and the DH-HEMTSs with a hybrid drain and SiN
passivation at different quiescent drain bias points. The dy-
namic Ron of the devices was measured under soft switching
using the pulse I-V system. The pulse period is 50 ms. The
pulse width of the drain and gate bias is 500 and 300 s,
respectively. The delay time between the drain and gate
pulses is 100 ps. The dynamic Ron dispersion is less than
30% under a quiescent drain bias of up to 650 V of the
DH-HEMTs with a hybrid drain and AlyO3/SiO2 passiva-
tion which is less than that of the DH-HEMTs with a hy-
brid drain and SiN passivation. The devices passivated by
PECVD-SiN have a high interface state density, resulting
in a serious dynamic Ron degradation [5]. AloO3 deposited
by ALD has a better interface quality and a reduced inter-
face state density, which can suppress dynamic Ron degrada-
tion. Moreover, AloO3 can protect the AlGaN surface from
plasma damage during the PECVD-SIN process. Therefore,
the devices with AlO3/SiO2 passivation showed excellent
dynamic characteristics.

Conclusion. A novel Alg3Gag.7N/GaN/Aly.1Gag.9N

DH-HEMT with an Ohmic/Schottky hybrid drain and
Al203/Si02 passivation was proposed. A high Vg of more
than 3000 V and an extremely low power dissipation were
achieved. The dynamic Ron dispersion was well suppressed
owing to the AloO3/SiO2 passivation. These results indicate
that the fabricated DH-HEMT's have significant potential for
high-temperature and high-power applications.
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