PS-6-8

Extended Abstracts of the 2014 International Conference on Solid State Devices and Materials, Tsukuba, 2014, pp134-135

Study of HfO./AlGaN/GaN MOS-HEMT for High Power Application
Wei Cheng Lan', Ping Chieh Chin', Yueh Chin Lin?, Jer Shen Maa® and Edward Yi Chang®*

!Institute of Photonic System, National Chiao-Tung University (NCTU).
1001 Ta Hsueh Road, Hsinchu 30010, Taiwan, R.O.C.
Phone: +886-9-3889-7876 E-mail: function@cycu.org.tw
2Institute of Materials Science and Engineering, National Chiao-Tung University (NCTU).
3Institute of Lighting and Energy Photonics, National Chiao-Tung University (NCTU).
“Institute of Electronics Engineering, National Chiao-Tung University (NCTU).

Abstract

HfO2/AlGaN/GaN MOS-HEMT with different post
deposition annealing (PDA) temperatures is character-
ized for high power application. The results indicated
that AlGaN/GaN MOS-HEMT with HfO2 as gate insu-
lator have better electrical characteristics, including
reduction of gate leakage current and improvement of
the drain current degradation under high voltage stress.
Furthermore, reliability of HfO. MOS-HEMT after
PDA 500°C is more stable compared to other techniques
HEMT devices.

1. Introduction

In recent years, GaN-based high-electron-mobility tran-
sistors (HEMTSs) devices have become one of the most
promising power device, due to their excellent electric
properties, such as wide bandgap (3.4 eV), high saturation
velocity (2.5x107 cm/s), large breakdown electrical field
(3.3 MV/cm) and great output power density [1].

However, there are several unsolved issues that limit the
industry applications of the conventional AlGaN/GaN
HEMTSs. Gate leakage current is the major problem, which
increases power dissipation and decreases the device life-
time for long-term operation [2-3]. Besides, poor long-term
reliability of the schottky gate causes serious current deg-
radation.

Recently, effective suppression of gate leakage current
and current degradation of AlGaN/GaN HEMT have been
demonstrated by inserting a high energy bandgap insulator
between gate metal electrode and semiconductor [4]. In this
study, we present the electrical performance of Al-
GaN/GaN MOS-HEMT with HfO; as the gate insulator. It
shows that the gate leakage current is substantially reduced,
and the drain-source current degradation is suppressed as
compared the conventional schottky barrier AlGaN/GaN
HEMT.

2. Device fabrication and measurement

The samples used in this study are AlGaN/GaN HEMT
wafers grown by MOCVD on the silicon substrate. It in-
cludes a lum GaN buffer, a 30nm undoped AlGaN barrier
and 1.5nm undoped GaN cap. Both MOS-HEMT and con-
ventional AlGaN/GaN HEMT devices were fabricated for
performance comparison. Fabrication process includes me-
sa isolation, Ohmic contact, and gate information. The me-
sa isolation was performed using inductively coupled plas-

ma (ICP) etch with Cl, gas to define the active region, the
etching depth was 200nm. The multilayer metal of
Ti/Al/Ni/Au was deposited using E-Gun evaporator and
annealed by rapid thermal annealing (RTA) system at 800°
C for 60 sec in N, ambient to form Ohmic contact, and the
spacing of source-drain was 20um. Finally, Ni/Au gate
metal was deposited by E-Gun evaporator, and the gate
length used was 2um. Conventional HEMT device (sample
S1) was fabricated for comparison. For the MOS-HEMTs,
the process steps are the same as conventional HEMT de-
vices except for an insulator thin film (gate dielectric) was
deposited between GaN cap and Ni/Au. 7nm HfO, was
deposited on by molecular beam deposition (MBD) as the
gate dielectric. Three samples with various post deposition
annealing (PDA) temperatures were prepared: sample 2
(S2), sample 3 (S3) and sample 4 (S4) were individually
annealed at 400°C, 450°C and 500°C.

Agilent E5270B power device analyzer was used for DC
characterization of the samples and reliability test after
long-term high voltage stress. To investigate the long-term
current degradation, the devices were stressed for 1 hour at
a drain-source voltage (Vps) of 200V with Ves=-5V and the
I-V characteristics were measured from off-state to on-state
before and after stress.

3. Results and discussions
3.1 DC measurements
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Fig. 1 Comparison of DC characteristics for conventional
HEMT and MOS-HEMT: Gn, and lps versus Vs Curves.

Figure 1 shows the comparison of the DC characteristics
of the four different types of AlIGaN/GaN HEMTs. As
compared with the conventional HEMT, comparable device
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DC characteristics were obtained for the MOS-HEMTs.
However, higher maximum drain-source current (Ipsmax) 0f
588mA/mm at gate-source voltage of 6V was achieved for
the sample 4 as shown in Fig. 1(S1: 555mA/mm, S2:
424mAJ/mm, S3: 491mA/mm).

3.2 Reliability test

For the high voltage stress test, the AlGaN/GaN HEMTs
were stressed at a drain-source voltage (Vps) of 200V with
Ves =-5V for 1 hour. The DC characteristics before and
after stress for the conventional HEMT and MOS-HEMT
are shown in Fig. 2, and the Vs bias was setting from -5 to
3V. It was found that the drain-source current (Ips) de-
creased for all devices after stressed for 1 hour. However,
the current degradation of the conventional HEMT is more
serious than the three types of MOS-HEMTS, this is due to
the HfO; layer effectively suppressed the defect generation
and charge injection when the devices were under high
voltage stress [1].
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Fig. 2 DC characteristics of the four samples before and
after stress.

In addition, Fig. 2 shows that the current degradation of
S4 is lower than S2 and S3. This is owing to the interface
traps between HfO, and AlGaN were favorably reduced by
post deposition annealing at 500°C. The effective density of
the interface traps Dj: with different time constants can be
estimated using the following expression:

_ Cstack - AVidis
q
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where Csack IS the capacitance of the HfO, (7nm) stack and
AVigis is the onset voltage dispersion between two fre-
quencies [5]. From figure 3, it is obvious that the Dj; of S4
is the smallest among the three types of MOS-HEMT stud-
ied.

The smaller current degradation indicates that S4 is more
stable than the other samples. Furthermore, the threshold
voltage of S2, S3 and S4 are -4.7V, -4.5V and -3.7V, re-
spectively.
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Fig. 3 High-frequency (1 kHz) and quasi-static (1 Hz) C-V
curves of the MOS-HEMT with HfO, stack as the insulator.

4. Conclusions

An effective insulator technique using 7nm thick
HfO: film deposited by molecular beam deposition
is applied to the fabrication of AlIGaN/GaN power
MOS-HEMTSs. In this study, the MOS-HEMT gate
leakage current can be reduced almost 2~4 orders
compared to the conventional HEMT in forward
bias region. Moreover, MOS-HEMT with HfO: as
gate insulator can suppress the current degrada-
tion under high voltage stress after PDA at 500°C.
In summary, MOS-HEMT with HfO2 gate insulator
have demonstrated good potential for high power
applications as evidenced by the suppression of
gate leakage current and device current degrada-
tion.
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