
MOS Characteristics on Homoepitaxial GaN Layer 
 

Shinya Takashima
1
, Katsunori Ueno

1
, Hideaki Matsuyama

1
, 

Masaharu Edo
1
, Jun Suda

2
, and Kiyokazu Nakagawa

3 
 

1 Fuji Electric Co., Ltd. 
1, Fuji-machi, Hino-city, Tokyo 191-8502, Japan 

Phone: +81-42-585-6598 E-mail: takashima-shinya@fujielectric.com 
2
 Kyoto Univ. 

Kyotodaigaku-katsura, Nishikyo, Kyoto 615-8510, Japan 
3 Univ. of Yamanashi 

7-32, Miyamae-cho, Kofu, Yamanashi 400-8511, Japan 

 

Abstract 

In this paper, we report the lateral MOSFETs on 

homoepitaxial p-GaN layer to investigate the MOS 

channel behavior. We evaluate the quality of the mod-

erately-doped p-GaN layer and low interface state 

density on SiO2/n-GaN MOS interface as the elemental 

parts for MOSFETs. The fabricated MOSFETs show 

reasonable Vth and field effect mobility. 

 

1. Introduction 

GaN is one of the promising materials for next genera-

tion power conversion systems and attracting much atten-

tion due to its wide bandgap energy and the large critical 

electric field [1]. AlGaN/GaN high electron-mobility tran-

sistors (HEMTs) have been developed extensively so far 

with heteroepitaxial GaN layer on sapphire or Si substrates. 

However, the vertical device structures with homoepitaxial 

GaN layer on GaN substrates are more suitable to handle 

high voltage and large current [2, 3], and also MOS-gate is 

preferable for switching devices because of its normally-off 

behavior. 

There are many prior arts regarding the dielectric/GaN 

interface on heteroepitaxial GaN layers grown on sapphire 

or Si substrates, but there are few reports focused on the 

MOS channel characteristics on the homoepitaxial p-type 

GaN layer. Thanks to the recent developments of bulk GaN 

crystal growth, we are able to perform the investigation of 

GaN MOS characteristics based on the high quality ho-

moepitaxial GaN layer. In this study, by using the homoep-

itaxially grown GaN, we investigate the characteristics of 

moderately-doped p-type GaN layer, and the SiO2/GaN 

interface, which are the elemental parts of MOSFETs, and 

then demonstrate the lateral MOSFETs in order to evaluate 

the MOS channel characteristics on the homoepitaxial lay-

er. 

 

2. Experimental Procedure 

Samples used in this study were fabricated on homoep-

itaxial GaN layers grown by MOCVD on free-standing 

n-type GaN (0001) substrates obtained by HVPE growth. 

For characterization of moderately doped p-type GaN 

layer, 1-m-thick Mg-doped p-type GaN layer with Mg 

impurity on the order of 10
17

 cm
-3

 were grown on the 

n-GaN/substrate. In addition, 100-nm-thick heavily-doped 

p-GaN layer was grown on it in order to achieve the good 

ohmic contacts. To carry out precise measurements, clo-

ver-leaf patterns were fabricated by photolithography and 

dry-etching. Note that the heavily-doped layer was re-

moved by dry etching except the contact region where the 

ohmic metals were placed. Hall measurements were carried 

out in the wide temperature range of 120-873 K to perform 

reliable analysis. 

Characterization of the MOS interface was performed 

on SiO2/n-GaN capacitors. 100-nm-thick SiO2 layer was 

deposited at 300-400°C on homoepitaxial n-GaN layer us-

ing a plasma-CVD apparatus developed by Univ. of Ya-

manashi and SST Inc. Aluminum layer was deposited to 

form circular metal patterns on the SiO2 layer. Backside 

contact was also formed by Aluminum deposition to obtain 

the vertical MOS capacitor structure. I-V, C-V, and G-V 

measurements were carried out to evaluate the dielectric 

breakdown and the MOS interface state. 

Lateral MOSFETs were fabricated on 2-m-thick ho-

moepitaxial p-GaN layer with Mg concentration of 5×10
17

 

cm
-3

. The source/drain regions were selectively formed by 

Si ion implantation followed by the activation annealing 

before the gate oxide deposition. Aluminum metal was used 

as the gate metal and also the source/drain contact metal to 

simplify the process. Id-Vg and Id-Vd characteristics were 

measured. 

 

3. Results and Discussion 

Evaluation of p-type GaN homoepitaxial layer 

   The temperature dependence of hole concentration and 

the mobility for the moderately-doped p-GaN layer is 

shown in Fig. 1. At around the maximum temperature, the 

saturation of hole concentration is observed, which gives 

accurate fitting results. The fitting is done by the semicon-

ductor carrier statistics with the consideration of lowering 

of the activation energy by ionized acceptors [4]. The ac-

ceptor concentration (NA), the compensating donor concen-

tration (ND), the activation energy (EA), and the hole ef-

fective mass (m
*
/m0) are extracted by the fitting. The results 

show that ND is on the same order of the typical back-

ground donor level for unintentionally-doped n-GaN layers, 

indicating high quality p-GaN layer without any defect in-
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troduced by Mg doping. 

SiO2/GaN MOS interface 

Although SiO2 is formed by a deposition method, the 

fabricated SiO2/GaN MOS capacitors show good I-V char-

acteristics exhibiting dielectric breakdown at around 9-10 

MV/cm. C-V characteristics show negligible frequency 

dispersion as shown in Fig. 2, indicating very low interface 

trap density (Dit). We tried Dit analysis by a Hi-Lo method 

and a conductance method, but both give no apparent in-

terface trap response. This suggests that we obtained high 

quality SiO2/GaN interface with few interface state, which 

is estimated in the range of 10
10

 cm
-2

eV
-1

.  

 

Lateral MOSFET 

The typical Id-Vg transfer characteristics of fabricated 

MOSFETs are shown in Fig. 3 (a). The threshold voltage 

(Vth) is defined as the gate bias intercept of the linear ex-

trapolation of Id, and Vth ~ 15 V is extracted, which is close 

to the simulated value of 18 V for MOSFETs consist of the 

p-type layer with NA of 5×10
17

 cm
-3

 and 100-nm-thick SiO2 

gate oxide. Below Vth, the Id shows gradual increase. The 

reason is under investigation but this might be due to the 

channel inhomogeneity caused by the process damage such 

as the post-implantation annealing, or the difference of the 

MOS interface quality between n-GaN surface and p-GaN 

surface. The Id-Vd output characteristics show the 

text-book-like curves which exhibit increasing Id spacing 

against Vg increase as shown in Fig. 3 (b). 

The field effect mobility gradually increases by apply-

ing the gate voltage and shows the peak value of 29.7 

cm
2
/V-s. This value is not as high as the previous reports 

on heteroepitaxial p-GaN [5]. It may be due to the higher 

doping concentration of the p-GaN layer used in this study. 

We believe the MOS channel mobility will be improved by 

using lightly-doped p-GaN layer such as 1×10
17

 cm
-3

 or 

lower, which will be the future work. 

 

4. Conclusion 

We investigated the lateral MOSFETs and evaluated the 

elemental parts of them. The moderately-doped p-type GaN 

layer was characterized by Hall-effect measurement, and 

the low compensation ratio was confirmed. MOS interface 

quality was investigated by SiO2/n-GaN MOS capacitor, 

and no obvious interface state was observed. The fabricated 

lateral MOSFETs exhibited reasonable Vth and the field 

effect mobility. Further doping control of high quality ho-

moepitaxial p-GaN layer and evaluation of MOS channel 

characteristics on it are the future work. 
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Fig. 1. Temperature dependence of hole concentration and mobil-

ity in a moderately-doped p-GaN layer obtained by Hall-effect 

measurement. NA = 6.5×1017 cm-3, ND = 7.5×1015 cm-3, EA = 243 

meV, and mh
*/m0 = 2.0 were extracted by the fitting (dashed line). 

 

 
Fig. 2. Frequency dispersion of C-V curve measured on the 

SiO2/n-GaN MOS capacitor. 

 

 
Fig. 3. (a) Id-Vg transfer characteristics and (b) Id-Vd output char-

acteristics measured on MOSFET of W/L = 100/100 m and dox = 

100 nm. 

- 1047 -


