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Abstract

In this study, we investigated characteristics of AlGaN/GaN
HEMTS with high resistive buffer structure consisted of period-
ically carbon-doped (PCD) GaN buffer layer and AlGaN back
barrier layer. The PCD structure was proposed for reducing un-
desirable trapping effects, which resulted in effective suppres-
sion of the current collapse compared to that in conventional
carbon buffer structure. To further improve the dynamic per-
formances of the device and to increase the electron confinement
of the two dimensional electron gas (2-DEG) channel, AlIGaN
back barrier was inserted between the GaN channel and the
PCD buffer layer, which results in greatly improved current col-
lapse with slightly improved 2-DEG mobility and density, com-
pared to those of the device without back barrier. The OFF-state
leakage current of the device with back-barrier is about 2 orders
lower in magnitude than that of device without back barrier,
which leads to the breakdown voltage of 1.9 kV and figure of
merit of 1.9 GV?Q'cm? for the device with Lep of 10 pm, one of
the highest values ever reported for the GaN-based high-elec-
tron mobility transistors (HEMTs).

1. Introduction

AlGaN/GaN-based high-electron mobility transistors
(HEMTs) are attractive for high power electronics applica-
tions due to superior material properties of the III-nitride sem-
iconductors such as large energy band-gap, high breakdown
electrical field, and high saturation velocity [1]. In addition,
high-resistivity (HR) buffer layer is required to fully utilize
the material advantages of the HEMTs. The unintentionally
doped (UID) GaN buffer layer has an insufficient resistivity
due to inevitably introduced background n-type dopants, such
as nitrogen vacancy and oxygen impurity, which can induce
parasitic leakage paths increasing the OFF-state leakage cur-
rent. The HR or semi-insulating (S.I.) GaN buffer layers can
be achieved by introducing acceptors-like defects or disloca-
tions and doping of deep acceptor impurities (such as Fe or C
atoms), which compensates the background donors [2-5].
These approaches to obtain the S.I. buffer layer, however, oc-
casionally suffer from a severe current collapse due to unde-
sirable trapping effects related to the deep acceptors [6-11].
In our previous work, the novel periodically carbon-doped
(PCD) GaN buffer structures was proposed instead of con-
ventional thick carbon-doped GaN (C-GaN) buffer structure

in order to suppress the undesirable effects related to the deep
acceptors. However, the suppression of the trapping effect
was not so satisfactory to achieve a reliable dynamic device
operation [6]. In this work, simulation was first performed to
obtain the optimized PCD GaN buffer structure with inserting
an additional AlGaN back barrier between the GaN channel
layer and the PCD buffer, which convince the improved elec-
trical characteristics of the device. The HEMTs fabricated
with optimized PCD GaN buffer and AlGaN back barrier ex-
hibited not only an extremely low OFF-state leakage current,
but also a greatly reduced current collapse phenomenon.

2. Results and Discusstion

The epitaxial structure for the propose AlGaN/GaN
HEMT consists of 30 nm-thick low-temperature GaN layer,
2 um-thick PCD buffer layer with carbon doping concentra-
tion of and 1 x 10'%/cm?, 30 nm-thick Aly.0sGao.9N back bar-
rier, 100 nm-thick GaN channel layer, | nm-thick AIN layer,
and 25 nm-thick Alp1Gao79N layers, subsequently grown by
using metal organic chemical vapor deposition (MOCVD) on
the sapphire substrate. For comparison, two different refer-
ence HEMT structures were also grown with; 1) conventional
S.I. UID-GaN buffer layer without both the PCD layer and
AlGaN back barrier, 2) PCD buffer layer without the AlGaN
back barrier. The schematic of the fabricated AlGaN/GaN-
based HEMTs with three different S.I. GaN buffer layers are
shown in Figure 1.
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Figure 1 Schematic cross-sectional structures of fabri-
cated HEMTs with various buffer structures.

For the device fabrication, the isolation process was carried
out by using inductively coupled plasma-reactive ion etching
(ICP-RIE). Then source and drain contacts were formed by
Si/Ti/Al/Ni/Au metal scheme, and followed by rapid thermal
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annealing (RTA) at 850 °C for 30 sec in nitrogen ambient.
Finally, Ni/Au metal was deposited for gate electrode.

The DC characteristics of the fabricated devices are meas-
ured by using an Agilent 4156 C semiconductor parameter
analyzer at room temperature. Figure 2 shows the transfer
characteristics at saturation region (Vgs: 10 V) of the fabri-
cated AlGaN/GaN HEMTs with three different buffer struc-
tures. The proposed device with both PCD buffer and AlGaN
back barrier shows an very low OFF-state leakage current of
~2 % 10® A/mm, which is much lower compared to the val-
ues of two reference HEMTs; ~1 X 10 A/mm and ~2 X
1077 A/mm for the HEMT with S.I UID GaN buffer and for
the HEMTs with PCD buffer only, respectively. It is also no-
ticed that the ON-current of the proposed HEMT is compara-
ble to the currents of the reference HEMTSs, which results in
excellent ON/OFF current ratio of 1.7 X 108, even though
the OFF-state leakage current of the proposed HEMT is two
and four orders lower in magnitude than those of the reference
HEMTs with S.I UID GaN buffer and the HEMT with PCD
buffer only, respectively. This indicates that the PCD buffer
layer eliminates parasitic leakage paths because the carbon-
related deep acceptors compensate the back ground donors in
the PCD layer and further the AlGaN back barrier enhances
the electron confinement in the channel which effectively pre-
vent electrons from flowing into the buffer layer.
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Figure 2 Comparisons of measured ID-VGS characteris-
tics of fabricated HEMTs with different buffer structures.

The OFF-state breakdown characteristics of the fabricated
HEMTs with a gate-to-drain distance (Lgp) of 5 and 10 um
were measured by using Curve Tracers 370A as shown in Fig-
ure 3. The breakdown voltage (Vi) is defined as the drain
voltage when the drain current reaches to 1 mA/mm. For de-
vice with Lgp of 5 pum, the HEMTs with S.1. UID GaN buffer,
with PCD GaN buffer, and with PCD GaN buffer and AlGaN
back barrier exhibit Vi, of 461 V, 1180 V, and 1291 V, re-
spectively. High Vi, for the HEMTs with the PCD buffer
layer is believed to be due to the spatial compensation be-
tween the UID and C-doped GaN layer [6]. The compensa-
tion makes the UID layer fully depleted to greatly increase
the resistance of the layer, which causes the PCD buffer layer
to be semi-insulating. The proposed HEMT exhibited even

higher Vi, because the AlGaN back barrier effectively blocks
electrons flowing to buffer layer, as discussed above. The ex-
tremely high Vi, of 1918 V was achieved from the proposed
HEMT with Lgp of 10 um. The extracted R, of the proposed
HEMT in this work is 1.9 mQ-cm? with the device active area
including the channel regions as well as transfer region from
the source and drain contact pads. A very high FOM of 1.9
GV2Q'em? has been achieved for the proposed device with
Lop of 10 pm, one of the highest values ever reported for the
GaN-based high-electron mobility transistors (HEMTs), even
though the proposed HEMT investigated in this work does
not have other approaches like field-plated structures.
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Figure 3 Measured OFF-state breakdown characteristics
of fabricated HEMTs with different buffer structures by using
curve tracer 370A.

3. Conclusions

Characteristics of high-performance AlGaN/GaN HETMs
with high resistive GaN buffer consisted of PCD buffer and
AlGaN back-barrier were investigated. The proposed device
with both PCD buffer and AlGaN back barrier shows the very
low OFF-state leakage current of ~2 X 10 A/mm, and the
excellent breakdown voltage of 1918 V. A very high FOM of
1.9 GV2Qlcm? has been achieved for this device. This indi-
cates that the proposed buffer structure consisted of PCD
buffer and AlGaN back-barrier is promising for high power
device applications.
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