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Abstract  
  p-GaN HEMT with AlGaN cap layer was grown on a 
low-resistance SiC substrate. The wide band gap material 
AlGaN as the cap layer, which can effectively suppress the 
holes injection and achieve the purpose of improving the 
gate reliability. In addition, we chose a zero-degree angle 
and low-resistance SiC substrate, which not only greatly 
reduces the lattice dislocation defects caused by the 
heterogeneous junction, but also greatly reduces the 
overall cost. The device shows the nice gate voltage swing 
of 18.5V (@IGS=1mA/mm) and Off-state breakdown 
voltage of 763V. Especially, the dynamic characteristics 
and hole injection behavior was analyzed by pulse 
measurement, which caused Ron increasing and VTH 
shifting under the gate lag effect. 
 
INTRODUCTION  

GaN power transistors have become one of the key 
devices in high-power and high-efficiency power conversion 
systems, mainly using material properties such as wide band 
gap、high mobility and high electric breakdown field. In 
order to achieve the device in normally off operation, various 
approaches such as the gate recessed structure [1-3], fluorine 
ion treatment [4], and a p-type GaN cap layer have been 
reported [5]–[7]. GaN power transistors have become one of 
the key devices in high-power and high-efficiency power 
conversion systems, mainly using material properties such as 
high breakdown voltage, fast switching speed and low on-
resistance. However, in commercial p-GaN HEMTs, device 
gates can be divided into ohmic contacts or Schottky contacts. 
Ohmic gates such as gate injection transistors (GIT), and 
Schottky gates have lower forward gate leakage current is 
mainly due to a reverse Schottky diode at the junction of the 
metal and p-GaN. At the same time, the Schottky gate p-GaN 
HEMT also exhibits a time-dependent gate breakdown 
voltage (TDGB), but the gate operating voltage is limited to 
6~7 V. Therefore, many groups are developing methods to 
increase the maximum value so that it can be used in a wider 
gate bias operating range. Under positive bias, the gate 
breakdown of p-GaN HEMT can be attributed to the high 
electric field concentrated at the metal/p-GaN interface. 
Different from the TDDB performance of Si and SiC power 
MOSFETs, the TDGB behavior of p-GaN HEMTs usually 
shows a positive correlation with the temperature coefficient, 
which means that high-energy carriers are accelerated by 
impact ionization or hot electron bombardment in a high 

electric field. Therefore, one of the methods to improve the 
reliability of the gate is to make structural or process changes 
at the metal/p-GaN junction. On the other hand, many studies 
have analyzed the physical mechanism of dynamic resistance 
change, which is mainly caused by hot electron injection on 
the surface and defects in the buffer layer. There are many 
ways to produce these defects, such as: carrier vacancy, lattice 
dislocation and impurities. On the other hand, GaN devices 
are mostly operated under high-frequency and high-power 
operating conditions, so the characteristics of the device 
during high-temperature operation are also important. In 
particularly, there are two different substrates in the p-GaN 
HEMT, namely GaN-on-Si and GaN-on-SiC. However, 
compared with GaN-on-Si HEMT, GaN-on-SiC HEMT is 
expected to be a good choice for high-power switching 
components due to its high thermal conductivity, low 
resistivity, and high-voltage capability. Another advantage of 
using a SiC substrate is its lower lattice mismatch of ~3% for 
GaN (that of Si is ~17%). Therefore, a low-resistance and 
zero-degree SiC substrate, which not only has the advantages 
of the above-mentioned GaN on SiC, but also has a lower 
price than high resistivity SiC substrate. Finally, we combine 
the AlGaN cap layer and low resistivity SiC substrate on the 
p-GaN HEMT, which were published in journal paper, 
respectively [8-9]. 
 
EXPERIMENTAL PROCEDURES 
 
 In this work, the AlGaN/p-GaN/AlN/AlGaN/GaN HEMT 
was grown on 6-inch low resistivity SiC substrate by 
MOCVD. For the epitaxial structure is presented in Fig. 1(a), 
an undoped GaN channel layer with a thickness of 300 nm 
was grown on an undoped AlGaN/GaN buffer/transition layer 
with a thickness of 4 μm. Subsequently, a Al0.25Ga0.75N barrier 
layer with a thickness of 15 nm and a p-type GaN layer with 
a thickness of 100 nm were grown. Finally, a Al0.2Ga0.8N was 
grown on the p-GaN layer with a thickness of 10 nm. For the 
device fabrication, the p-GaN etching of Cl2/BCl3/SF6 based 
inductively coupled plasma and the AlN layer as an etching 
stop layer. The ohmic contacts were prepared by electron 
beam evaporation and Ti/Al/Ni/Au (25/120/25/150 nm) were 
stacked on the device sequentially. Then, both devices were 
annealed by RTA system at 875 ◦C for 30 s in N2 ambient. 
Finally, a Ni/Au (25/120 nm) gate metal stack is deposited 
and 100 nm of SiO2 was passivated.  
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RESULTS AND DISCUSSION 

 
Fig 2(a) and (b) shows the log-scale transfer (IDS-VGS) 

and output (IDS-VDS) characteristics of the device. As shown 
in Fig3(a), the off-state current was 5×10-5mA/mm at VGS = 0 
V. Additionally, the threshold voltage (VTH) value 1.5 V. The 
corresponding maximum drain current density (IDmax) values 
and Ron were 210 mA/mm and 20 Ω．mm, respectively.  

To observe the hole injection effect during the gate 
operation, IGS-VGS measurement was shown in Fig3(a). The 
device exhibits the large gate operation voltage under the 
forward bias and the gate turn on voltage (VGS＿ON) of 18.5V 
was defined at VGS=1mA/mm. The device obtains the better 
gate behavior due to the thicker and higher barrier height, 
which may suppress the carrier injection effectively. In 
Fig3(b), the device shows a high Off-state breakdown voltage 
of 763V. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 

In this work, we use pulse measurement to analyze the 
hole injection effect and dynamic characteristics of the device 
under different stress voltage (VGSQ) and stressing times. The 
operation condition and gate lag measurement were shown in 
Fig. 4(a), (b), respectively. There are two bias conditions that 
must be considered: pulse voltage (VGSP, VDSP) and quiescent 
voltage (VGSQ, VDSQ). During the measurement, when the 
pulse voltage switched to the quiescent voltage rapidly with a 
2 µs pulse width and 200 µs period, and the VGSQ was swept 
from 0 to −15 V in increments of −5 V. The device shows the 
dynamic Ron of 1.22 times at VGSQ= -15V. 

 In Fig. 5(a), the VTH shift towards the positive direction 
under the VGSQ=6 V when the stressing time increases in 
0.1/1/10/20 ms, respectively. This phenomenon is causing by 
the enhanced electron injection from channel at higher VGSQ 
and trapping at the p-GaN/AlN/AlGaN interface. Moreover, 
the VTH shifting can be plotted in the pulse measurement, as 
shown in Fig. 5(b). When a VGSQ is applied from 1V to 5V, 
the hole holes may accumulate at the p-GaN/AlGaN interface 
(see the schematic band diagrams in Figure. 6(a)), or trap 
states in the AlGaN/GaN interface, increasing 2DEG density 
temporarily and causing negative shifting of VTH. When a 
VGSQ is applied from 5V to 15V, VTH shift towards the positive 
direction. This phenomenon can be explained that some 
injected electrons will be captured by the electron traps in the 
p-GaN/AlGaN interface, and the trapped electrons cannot 
escape immediately (see the schematic band diagrams in 
Figure. 6(b)). Afterward, the stress voltage is larger than 15V, 
the hole injection is turned on and inject to the p-GaN/AlGaN 
interface which recombine the trapping electrons (see the 

90 120 150 180 210 240 270
30

45

60

75

90

105

120

Et
ch

in
g 

D
ep

th
 (n

m
)

Etching time (sec)

Etching stopGas : Cl2/BCl3/SF6

Fig. 1(a) Cross sectional schematic of p-GaN gate HEMT, 
(b) the etching stop technique and p-GaN profile by AFM 
analyze. 

Fig. 2.  DC characteristics of device with LGS/LG/LGD/WG 
= 2/5/10/100 μm. (a) Transfer characteristic. (b) Output 
characteristic. 

Fig. 4. (a) Condition of pulse measurement and (b) gate 
lag characteristic. 

Fig. 3. (a) IGS-VGS characteristic and (b) Off-state 
breakdown voltage measurement of device. 
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schematic band diagrams in Figure. 6(c)), so the VTH shifting 
trend reverse again [10-14].  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 To analyzed the thermal characteristics of the device, IDS-
VGS characteristic was measured under 25°C to 175°C with a 
50 °C step, as shown in Fig. 7(a). The device shows VTH 
shifting less than 0.3V and Ron increasing to 1.28 times up to 
175°C, as shown in Fig. 7(b). As the result, p-GaN HEMT on 
SiC substrate obtain a good thermal stability due to the high 
thermal dissipation ability. Finally, the distribution of VTH and 
RON characteristics for 30 devices were measured in Fig. 8. 
For the device, the mean value of VTH and RON are 1.5V and 
20 Ω．mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
 
       In this work, AlGaN cap on the p-GaN layer is to reduce 
the hole injection effect and make a large gate operation range. 
It is hoped that the gate driver of traditional silicon devices 
can be shared, and the operating safety voltage of the gate will 
be increased at the same time. In addition, we also grew p-
GaN HEMT with AlGaN cap layer on a low-resistance SiC 
substrate, so that the GaN on SiC have a lower lattice defect 
density at the buffer layer position, improve heat dissipation 
performance and there are also lower prices. 
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