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Abstract – This paper presents the electrical characteristics of the gallium nitride (GaN) current 
aperture vertical electron transistor (CAVET) by using two- dimensional (2-D) technology computer-
aided design (TCAD) simulations. The CAVETs are considered as the alternative device due to their 
high breakdown voltage and high integration density in the high-power applications. The optimized 
design for the CAVET focused on the electrical performances according to the different gate-source 
length (LGS) and aperture length (LAP). We analyze DC and RF parameters inducing on-state current 
(Ion), threshold voltage (Vt), breakdown voltage (VB), transconductance (gm), gate capacitance (Cgg), 
cut-off frequency (fT), and maximum oscillation frequency (fmax). 
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1. Introduction 
 
Field-effect transistors (FETs) based on gallium nitride 

(GaN) have considered as the preferred choice for high 
power electronic devices owing to the wide band gap, high 
critical electric field, and high electron mobility of GaN [1-
6]. AlGaN/GaN-based high electron mobility transistor 
(HEMT) has the two-dimensional electron gas (2-DEG) 
generated by the spontaneous polarization and piezoelectric 
polarization that have superior properties such as high 
power density and high breakdown voltage, and high 
channel electron mobility. The 2-DEG facilitate a high 
drain current, low on-state resistance (Ron), and low gate-
drain charge, which are caused by the high channel mobility, 
high channel density, and high breakdown electric field. 
These properties make the AlGaN/GaN HEMTs extremely 
useful for high power applications. However, the RF output 
power obtained by AlGaN/GaN HEMTs have been degraded 
due to the DC-RF dispersion [7-10].  

However, when the vertical HEMT is applied the bias, 
the highest fields produced in the bulk rather than at the 
surface. The electric field at the surface, which results from 
the small potential difference between the gate and the 
source, is relatively small, so the surface states should not 
fill up with electrons. Thus, DC-RF dispersion in vertical 
HEMT is reduced [11]. For these reasons, the GaN-based 
vertical transistor has become an attractive alternative for 
power devices. Significant progress has been made recently 
in the demonstration of high power devices in the group-III 
nitride-based vertical field-effect transistors employing a 
current aperture vertical electron transistor (CAVET), 

which have been developed by Mishra et al [12-14]. The 
devices had been successfully developed in the fabrication. 
Aperture length (LAP) and current blocking layer (CBL) are 
the important design parameters of CAVET. The electrical 
characteristics according to various changes about the gate-
source length (LGS) and LAP have not been studied. 

In this paper, we analyze a CAVET in terms of the DC 
performance parameters including on-state current (Ion), 
threshold voltage (Vt), breakdown voltage (VB), trans-
conductance (gm), resistance components with varying LAP 
and LGS by the device simulation. We also analyze the RF 
characteristics such as the gate capacitance (Cgg), cut-off 
frequency (fT), and maximum oscillation frequency (fmax) 
by varying LGS and the number of apertures (NAP). The 
simulations were conducted by Silvaco ATLAS program 
[15]. 

 
 

2. Simulation Results and Discussions 
 

2.1 Device structure 
 
Fig. 1 shows a schematic cross-sectional view of the 

simulated CAVET structure. It consists of the 2.5 μm thick 
N+ GaN (Donor of 1 × 1018 cm-3) buffer layer, the N- GaN 
(Donor of 5 × 1016 cm-3) layer, and the N- channel GaN 
layer of thickness is at 0.5 μm (Donor of 5 × 1016 cm-3), 
and the N- channel GaN layer thickness is at 2.5 μm, 0.5 
μm, and 0.05 μm, respectively. The N- GaN aperture layer 
has the same doping as that of the N- GaN layer used in the 
source region. The LAP that is used to provide a current 
path in the device is an important design parameter in the 
CAVET. The thickness of the AlGaN layer is 25 nm and 
the Al composition in AlGaN is 24%. The polar.scal model 
was determined by the 2-DEG density, the gate length (LG) 
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and the work function which were specified as 1.12 × 1012 
cm-3, 3.0 μm, and 5.2 eV, respectively. LGS was varied 
from at 0.5 μm to 3.0 μm and LAP values were taken to be 
1.0 μm, 1.4 μm, and 1.8 μm. We have obtained the 
accurate simulation results by using the k.p model and the 
gansat model. We used the k.p band and gansat parameter 
model. The k.p model is to calculate the effective masses 
and band edge energies for wurtzite structure of GaN in 
drift-diffusion simulation. And the field dependent 
mobility in nitrogen is obtained by the gansat model. The 
CAVET is operated by supply voltage bias. The drain 
current flows through the aperture and into the drain. Thus, 
the aperture length that is used to provide a current path in 
the device is an important design parameter in the CAVET. 
The current blocking layer (CBL) is used to block the 
current falling vertically down through any other path 
except that from the aperture to the drain. 

 
2.2 Results of DC characteristic 

 
Fig. 2 shows the IDS-gate voltage (VGS) curves of 

CAVET for different values of LGS varying from 0.5 μm to 
3 μm. The LAP and LG are fixed as 1.4 μm and 3 μm, 
respectively. It is seen that the IDS increases with a 
decrement in the LGS owing to an increase in the resistance 
characteristics of LGS. 

The Ion transfer curves are investigated for different 

values of LGS at fixed LAP values of 1.0 μm, 1.4 μm and 1.8 
μm in Fig. 3. The Ion is indicating the two statements. The 
active area on state current (Ion/Aact) is defined as the 
current per unit active area (Aact). The Aact defines the 
transistor area between the two source electrodes of the 
device. 

For example, the Aact for a device with a separation of 7 
μm between the edges of the source and an aperture width 
of 1 μm at LGS =1.4 μm is 7 μm × 1 μm. The maximum  

Ion /Aact values when LGS was fixed at 0.5 μm and LAP was 
varied as 1.0 μm, 1.4 μm, and 1.8 μm were determined to 
be 11.3kA/cm2, 11.5kA/cm2, and 11.6 kA/cm2, respectively. 
Also, at these values of LGS and LAP, the Ion's were 450.5 

 
Fig. 1. Schematic cross-sectional view of the simulated 

CAVET structure 
 

 
Fig. 2. Comparison of the IDS-VGS characteristics transfer 

curves of the simulated for CAVET with various 
gate-source length (LGS) 

 
Fig. 3. Output characteristics of the simulated the CAVET 

of Ion and Ion/Aact with LGS and LAP (LG=3 μm, VDS= 6
V and VGS = 0) 

 

 

 
Fig. 4. Resistance components as a function of LGS and LAP

(a) Ron and (b) RS 
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mA/mm, 458.7 mA/mm, and 464.5 mA/mm, respectively. 
The Ion varies according to the changes in LGS and LAP. The 
Ion increases as LAP is increased because aperture is the 
principal current path that relates to Ion.  

However, Ion decreases as LGS is increased. The reason 
for this variation is shown in Fig. 4 (a). The Ron depends on 
LGS and LAP and increases with an increase in both the 
parameters.  

Fig. 4 (b) shows the simulated the variation of RS with 
LGS and LAP. RS is strongly affected by a change in LGS that 
is more influential than a change in LAP. Because there is 2- 
DEG at the channel, the channel resistance remains almost 
the same when LAP is increased. As a result, LGS ascertains 
the Ion and is the primary design parameter. 

Fig. 5 shows the variation of gm with LGS and LAP. It is 
seen that as LAP is increased, gm increases. The main reason 
for this dependence is that the aperture is the primary 
current path. However, gm decreases when LGS is increased 
owing to the resistance between the gate and the source. 

Fig. 6 presents the VB at different LGS and LAP values, 
which were extracted at 233 V, 233.3 V, and 233.5 V at 
LAP values of 1.0 μm, 1.4 μm, and 1.8 μm, respectively. In 
addition, we obtained these results by using the Shockley-
Read-Hall (SRH) recombination model and the Selberherr’s 
impact ionization model for the off-state breakdown 

characteristic [15]. VB is constant, despite the increases in 
LGS. In the case of a lateral device, breakdown occurs when 
electric field congregates at the gate edge. However, in this 
device the drain current flows in the vertical direction 
through the aperture. Therefore, breakdown is unrelated to 
the change in the LGS.  

Figs. 7 (a)-(c) show the simulated CAVET with impact 
generation rate for the LGS split in the VB at LGS = 1 μm and 
VGS = -20 V. Impact ionization needs a high electric field 
when typical non-equilibrium process. For example, an 
electron in the conduction band obtains its energy by 
external electric fields and becomes highly energetic. They 
were creating an electron-hole pair of come into collision 
an electron in the valence band and exciting it to the 
conduction band. In the CAVET, impact generation occurs 

 
Fig. 5. Transconductance (gm) as a function of the LGS and 

LAP. 

 
Fig. 6. Breakdown voltage (VB) characteristics of the 

simulated for a CAVET according to LGS and LAP
split (LG = 3 μm and VDS = -20 V) 

 

 

 
Fig. 7. Impact generation rate in the simulated VB for 

CAVET with (a) LAP of 1.0 μm, (b) LAP of 1.4 μm, 
and (C) LAP of 1.8 μm 
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at both ends of the aperture.  
Fig. 7 (a) shows impact generation rate cross-sectional 

view of the simulated CAVET, which is higher than that in 
Figs. 7 (b) and (c), since the LAP is shorter as compared to 
the latter. As the LAP increases, impact generation rate 
decreases relatively. Thus, the VB is affected strongly by 
LAP as compared to LGS. 

As a result, VB is constant, when the LAP is increased 
from 1.0 μm to 1.4 μm, and then to 1.8 μm for varying LGS. 

 
2.3 Results of RF characteristic 

 
In this section, the RF performance characteristics are 

shown. They have been extracted from the Y-parameters. 
Fig. 8 shows the dependence of Cgd, Cgs, and Cgg, on LGS 
and LAP. The values of Cgd, Cgs, and Cgg decrease as LGS 
increases. The capacitance is directly proportional to the 
device area and in inversely proportional to the separation 
between the plates. In this CAVET, the total device area 
was fixed. Therefore, when LGS increases, Cgs was decreased. 
In addition, as LAP increases, capacitance charges increase 
owing to the increase in aperture.  

Fig. 9 shows the fT and fmax with a variation of NAP, and 
LGS. The fT and fmax were extracted using the following Eqs. 
(1) and (2) [16].  

 

 2
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»
+  (2) 

 
Where, Cgg is the gate input capacitance, Rg,eff is the 

effective gate resistance, and Cgd is the gate-to-drain 
capacitance. The gm is directly proportional and Cgg is 
inversely proportional to fT. Thus, gm and Cgg are important 
design parameters. When LGS increases, gm decreases, 
owing to the characteristics of the resistance as shown by 
Fig. 4 (a). The LGS is affected by not only fT, but also fmax. 
In addition, when NAP increases, Ion and gm are improved 
because of the increased current path. It is verified that fT 

for 3-apertures is highly improved with a value of 18.0 
GHz as compared to 6.67 GHz for 1-aperture device. The 
fmax is 16.5 GHz for 1-aperture device and 24 GHz for a 3-
apertures device, when LGS is fixed at 1.0 μm. As a result, 
it is seen that LAP, LGS and NAP have a strong influence on 
the RF characteristics. 

 
 

3. Conclusion 
 
In this work, a CAVET was analyzed and studied by 

using 2-D TCAD simulations. In the DC characteristics, 
LGS is inversely proportional to Ion and gm because of RS. 
Also, the VB is affected by variation of LAP, which has a 
much greater influence than the variation of LGS. Since, the 
aperture is used as a current path in the device. It is an 
important design parameter in a CAVET. It has also been 
demonstrated that the RF performance can be improved by 
increasing NAP. Consequently, the LAP and NAP have a 
stronger influence on the RF characteristics than LGS. We 
observe that fT and fmax can be improved by increasing NAP 
in the same device area. 
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