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１．はじめに 
　c面を有するGaN基板を用いてトレンチ型パワートランジスタを作製する場合、チャネ
ルは無極性面に形成されるため、無極性面上のMOS界面特性を理解し制御することが重要
である。 

２．素子構造 
　図１にMOS構造を示す。‒c軸方向に5°オフのm面GaN基板
上にMOCVD成長したn-GaN層を用いた。基板の転位密度は
約1×106cm-2である。AFMで評価した表面RMS値は0.15nm
であった。BHF溶液で表面処理を行った後に、ALD法により
Al2O3膜を30nm堆積しMOS構造を作製した。試料の一部は
ゲート電極形成後にN2中で300℃の熱処理（PMA）を施し
た。 

３．評価結果
　図２に、アドミタンス法より求めた界面準位密度分布を示
す。PMA処理を行わない (as-deposited)試料において
も、1010cm-2eV-1台後半から1011cm-2eV-1台前半の低い
準位密度が得られた。第一原理計算と表面分析実験よ
り、m面GaN表面にはGa-Nダイマーの形成が示唆されて
おり [1, 2]、低い準位密度との関連性が予想される。ま
た、図2に示すように、300℃のPMAにより1010台前半
まで準位密度が低下した。 
　図３に、PMA処理を行った試料の室温 (RT) と200℃
でのC-V評価結果を示す。測定周波数は1MHzである。
200℃で測定したC-V曲線は、蓄積領域に近いバイアス
でRT結果と異なっているが、これはデバイ長の温度変化
に起因する変化である。実線は理想C-V曲線の計算値で
あるが、RTと200℃の実験値は計算地とよく一致してい
る。また、フラットバンド電圧（VFB）の温度変化はな
く、非常に安定した界面が形成されていることが明らか
になった。 
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Van de Walle and Segev [11] and Landmann et al. [12] also 
predicted similar surface states originating from the Ga-N 
dimer. There is a possibility that such surface electronic states 
affect transport properties and/or gate controllability in GaN 
MOS transistors with the m-plane channel. In fact, Gupta et al. 
[13] reported difference of transport performance between m- 
and a-plane-oriented side-wall channels in the GaN 
MOSFETs. To improve the device performance of trench-type 
GaN MOSFETs, accordingly, interface characterization of 
insulators/m-plane GaN structures is very important.  
 Matocha et al. [14] reported capacitance-voltage (C-V) 
characterization of SiO2/m-plane GaN structures. However, 
the C-V characteristics showed a ridge-like feature and a 
significant shift of flatband voltage (VFB) toward the negative 
bias direction. Although Wu et al. [15] investigated the 
Al2O3/m-plane GaN structure grown on a GaN substrate, they 
presented C-V curves exhibiting accumulation capacitance 
much smaller than the oxide capacitance at the forward bias, 
indicating that high-density interface states near the 
conduction band minimum (CBM) prevented the flatband 
condition. Jia et al. [16] also reported poor C-V characteristics 
with anomalous capacitance increase at forward bias for the 
MOS diodes on the m-plane GaN. Very recently, Ando et al. 
[17] demonstrated excellent C-V curves for the Al2O3/m-plane 
GaN structure, resulting in low state densities in the order of 
1010 cm-2eV-1. However, little is known on interface properties 
of GaN MOS structures using m-plane GaN. In this paper, 
accordingly, we report on electrical characterization of 
Al2O3/GaN interfaces using homo-epitaxial m-plane GaN 
layers grown on GaN substrates. 

 
II. DEVICE STRUCTURE and FABRICATION PROCESS 

 
 Figure 1 shows the Al2O3/m-plane GaN MOS structure 
prepared by atomic layer deposition (ALD). We used a high-
quality n-GaN layer grown by metal-organic chemical vapor 
deposition (MOCVD) on an m-plane n+-GaN substrate, 
provided by Mitsubishi Chemical. The dislocation density of 
the substrate is at most 1×106 cm-2. No intentional doping was 
carried out during the epitaxial growth of GaN. The substrate 
surface was 5o-off tilted toward [000-1] direction. The atomic 

force microscope image of the m-plane GaN surface, as shown 
in Fig. 2(a), exhibited an atomically flat surface with root 
mean square roughness of 0.15 nm. Hirai et al. [18] reported 
pyramidal hillocks on the on-axis m-plane GaN layer. With 
increasing off-cut angle toward [000-1] direction, however, 
they observed gradual reduction in hillock height, and the 
pyramids eventually disappeared at an off-cut angle of 5.4o. 
Tanaka et al. [19] also demonstrated excellent m-plane GaN 
surface quality using a substrate with 5.0o off angle toward 
[000-1] direction. 
 From the C-V characteristics of a Schottky diode on the 
m-plane GaN, we obtained the donor density of 9×1015 cm-3. 
Secondary-ion mass spectroscopy (SIMS) measurement 
showed the O concentration of 1.5×1016 cm-3. On the other 
hand, the C density in the epitaxial layer was below the 
detection limit (2×1015 cm-3). These results indicate that the 
residual O atom acts as donor in the undoped m-plane GaN 
layer. Tanaka et al. [19] reported similar densities for O and C 
impurities in the m-plane GaN layer on a substrate inclined 5o 
toward [000-1] direction.  
 After a pre-treatment of the GaN surface in a BHF 
solution (HF: NH4F= 1: 6), the 30-nm thick Al2O3 layer was 
deposited on the m-plane GaN surface at 300ºC using ALD 
system (SUGA-SAL1500). A dry pump was equipped in the 
ALD system, resulting in a background pressure of ~12 Pa. 
The N2 carrier gas was introduced into the reactor with a flow 
rate of 20 sccm. For the Al2O3 deposition, water vapor and 
trimethylaluminum were used as precursors. Each precursor 
was injected into the reactor for 15 ms and the purging time 
was set to 10 s. In this case, the deposition rate is 0.11 
nm/cycle, indicating the formation of Al2O3 in a layer-by-
layer fashion. We obtained refractive index values ranging 
from 1.60 to 1.65 for the ALD Al2O3 layers. Figure 2(b) 
shows a transmission electron microscope (TEM) image of the 
Al2O3/GaN structure, which revealed a homogeneous 
amorphous Al2O3 layer on the m-plane GaN layer with an 
abrupt amorphous/crystalline interface. A Ni/Au stack with a 
diameter of 200 µm was deposited on the Al2O3 surface as gate 
electrode. After the gate formation, post-metallization 
annealing (PMA) was carried out at 300oC in N2 ambient for 

Fig.5
With Terman(solid line)

Fig. 5. Interface state density (Dit) distributions at Al2O3/m-
plane GaN interfaces without and with PMA. State densities
were extracted from the conductance method. For as-prepared
sample, Dit evaluated by Terman method is also plotted by solid
line.
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図1  m面GaNに形成した
　　Al2O3/GaN MOS構造

図3 室温と200℃でのC-V測定結果
と各温度での理想曲線

図2 界面準位密度分布
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