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Abstract:  

on this paper, a double-channel In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT  

Investigation is done as well as comparison  In0.17Al0.83N/GaN HEMT with it and the 

double-channel In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN HEMT. The AlN separator layer and 

AlGaN as  back-barriers significantly enhanced the plate carrier density at the 2DEG 

channel, This leads to an improvement in the carrier mobility Simulation results confirm 

that the double-channel In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT has higher 

drain current and transconductance. 
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I. Introduction 

InAlN/GaN- based on the  devices it has recently received  continue to 

increase interest for it and are seen as strong contenders for high-power and 

also high-speed applications[1-3]. The lattice matched InxAl1-xN/GaN HEMT 

(x∼17%) structure It has been observed that can provide  more than double 

the Two Dimensional-Electron-Gas (2DEG) plate carrier density 

(ns∼3×10
13

cm
-2

) it also helps to reduce  strain-induced reliability issues [4, 5]. 

Furthermore, the thin barrier layers of typical InAlN/GaN devices (less than 

10 nm) allow for the creation of highly scaled devices without requiring gate 

recesses, thereby eliminating the risk of plasma damage during the dry 
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etching process [6]. Furthermore, the incorporation of an AlN spacer layer 

and AlGaN back-barriers significantly boosted the plate carrier density within 

the 2DEG channel, leading to enhanced carrier mobility [7]. 

II. Device Structure 

In this section, simulation results, including drain current and 

transconductance characteristics for each structure, are shown. All structures 

are simulated using Silvaco TCAD. Simulator is calibrated according to [8]. 

All structures include 3nm thick intrinsic In0.17Al0.83N as a spacer layer, a 9nm 

thick doped In0.17Al0.83N (2e18) and a 3nm thick In0.17Al0.83N as a cap layer.  

Additionally, the lattice constants, band gaps of different layers in all 

structures, and interface polarization charges of layers in the In0.17Al0.83N/GaN 

structure is based on [9]. 

A. In0.17Al0.83N /GaN HEMT 

The first structure is an In0.17Al0.83N/GaN HEMT, which includes a 15nm 

barrier layer of In0.17Al0.83N, a 14nm GaN layer as the main channel, a 2.5μm 

GaN layer as a buffer layer, and a 2μm sapphire layer as the substrate. Figure 

1 (Left) the schematic desigen of cross-section of the In0.17Al0.83N/GaN 

HEMT is shown, while Fig. 1 (Right) depicts the conduction band. As 

explained in 

 Fig. 1 (Right), the conduction band at the interface of In0.17Al0.83N/GaN dips 

below the Fermi level, and forming a channel that binds carriers in the GaN 

channel. 
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Fig. 1 (Left): Schematic; (Right): Conduction band and Fermi level of 

In0.17Al0.83N/GaN HEMT. 

Figure 2 depicts the drain current against drain voltage for gate voltages of 

0V, -1V, -2V, and -3V. 

 
Fig. 2: ID-VDS characteristics for different VGS of In0.17Al0.83N/GaN HEMT. 

Fig. 3 (Left) shows the drain current with gate voltage at VDS=9V, while 

(Right) shows the amount of difference in  transconductance with gate voltage 

at VDS=9V. In this structure, increasing the gate voltage increases the 

transconductance because higher gate voltages lead to an increase in carrier 

density in the channel. Consequently, both the drain current and its variation 
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increase. However, at high gate voltages, the transconductance saturates with 

almost no significant change. 

  
Fig. 3 (Left): ID-VGS; (Right): gm -VGS characteristic of In0.17Al0.83N/GaN 

HEMT at VD=9V. 

B. Double-channel In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN HEMT 

The second structure is an In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN HEMT, which 

is formed by inserting a 21nm layer of Al0.05Ga0.95N between the 14nm GaN 

channel layer and the 2.5µm GaN buffer layer. The Al0.05Ga0.95N back barrier 

layer causes the formation of second channel. Fig. 4 (Left) shows a schematic 

cross section of the In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN HEMT. All 

simulation parameters and layer thicknesses are kept same as in 

In0.17Al0.83N/GaN HEMT. The only difference is the insertion a 21 nm layer of 

Al0.05Ga0.95N.  

In this structure, the main channel is the first GaN layer, and the second GaN 

layer serves as a subsidiary channel. This configuration increases 

transconductance. In the double-channel structure, a thin layer of Al0.05Ga0.95N 

is inserted at the back of the channel. The positioning of this layer is crucial, 

as it should be placed so that the majority of carriers remain in the GaN 
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channel. As a result, this layer is placed 14 nm away from the interface of 

InAlN/GaN. 

Fig. 4 (Right) shows the conduction band of the 

In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN HEMT. As shown in the figure, the 

conduction band at the interface of In0.17Al0.83N/GaN dips below Fermi level, 

forming a second channel that traps carriers in the GaN channel. In this 

structure, the Al0.05Ga0.95N layer acts as a back barrier and contributes to the 

formation of the second channel. 
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Fig. 4 (Left): Schematic; (Right): Conduction band and Fermi level of 

In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN HEMT. 

Figure 5 illustrates the drain current at gate voltages of 0V, -1V, -2V, and -3V 

as a function of drain voltage.  is biased at a low drain voltage such that 

VDS<VGS-VT, the  

When the operation of the HEMT device is in the linear region. In this region, 

the mobility of electrons is also linear with respect to the electric field 

intensity. Conversely, at high drain voltages where VDS>VGS-VT, effective 
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electron velocity reaches saturation and ceases to depend on the bias voltage 

or electric field intensity, attributed to electron collisions with the 

semiconductor lattice. In saturation region, electrons move with saturation 

velocity, and the drain current becomes   independent of the drain voltage. An 

intense field between the gate and drain can cause an increase in gate leakage 

current. At high drain voltages, a resistance is created in the drain current 

characteristic, resulting in a small dependence of the drain current on the 

drain voltage.  

 

Fig. 5: ID-VDS for different VGS of In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN 

HEMT. 

Fig. 6 (Left) the drain current is a show as a function of gate voltage at a drain 

voltage of 9V. As the gate voltage and charge density in the channel increase, 

the current also increases. Fig. 6 (Right) shows the variation of 

transconductance with gate voltage at a drain voltage of 9V. 

Transconductance is calculated as follows:  
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       (1) 

when the gate voltage is increases, the transconductance increases. The reason 

for this increase is that a higher gate voltage leads to a higher density of 

carriers in the channel, thereby increasing the current and its variations. With 

further increases in gate voltage, the transconductance reaches its maximum. 

  

Fig. 6 (Left): ID-VGS; (Right): gm-VGS at VDS=9V of 

In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN HEMT 

C. Double-channel In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT 

The third structure is an In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT. 

The AlN layer has a larger band gap; therefore, the difference between the 

conduction bands of the AlN layer and GaN layer and the interface 

polarization charge increase. These factors together causes an increase in the 

current density and transconductance of this structure compared with the 

In0.17Al0.83N/AlN/GaN HEMT. Fig. 7(Left) shows a schematic cross-sectional 

view of the In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT. All simulation 

parameters and thicknesses for this structure are the same as those for the 
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In0.17Al0.83N/GaN/Al0.05Ga0.95N/GaN HEMT. The only difference is that the 

1nm spacer layer of In0.17Al0.83N is replaced with AlN. The AlN layer has a 

larger band gap and polarization charge compared to the In0.17Al0.83N spacer 

layer. Additionally, AlN increase the mobility of the channel. All of these 

factors contribute to the increase in current density and transconductance. 

Fig. 7 (Right) shows the conduction band of the 

In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT. As shown in the figure, due 

to high band gap of AlN layer, there is a lump in the conduction band of the 

barrier layer. The difference between the conduction bands of the AlN layer 

and the GaN layer increases, which in turn increases the current density and 

the transconductance. 
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Fig. 7 (Left): Schematic; (Right): Conduction band and Fermi level of 

In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT. 

Fig. 8 shows drain current with drain voltage at gate voltage of 0V, -1V, -2V 

and -3V for In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT. AlN layer in 
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the spacer layer causes an increase in conduction band difference of AlN layer 

and GaN channel, interface polarization charge, and mobility of channel. 

Consequently, current density increases.  

 

Fig. 8: ID-VDS with different VGS for In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN 

HEMT. 

Fig. 9 (Left) shows the drain current as a function of gate voltage at VDS=9V 

for the In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT. As the gate voltage 

increases, the carrier density, and consequently the drain current, also 

increase. Fig. 9 (Right) shows the transconductance as a function of gate 

voltage at VDS=9V for this structure. 
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Fig. 9 (Left): ID-VGS; (Right): gm-VGS of 

In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT at VDS=9(V). 

 

III. Comparison Results 

Fig. 10 shows the variation of drain source with gate voltage at VDS=15V of 

InAlN/GaN HEMT, InAlN/GaN/AlGaN/GaN HEMT in addition to 

InAlN/AlN/GaN/AlGaN/GaN HEMT. Fig.11 shows the variation of 

transconductance for these structures. Adding the Al0.05Ga0.95N back-barrier 

layer causes the formation of a second channel, and the drain current and 

transconductance of the second and third structures are higher than those of 

the first structure, as shown in Figs. 10 and 11. Replacing the 1 nm layer of 

InAlN with AlN in the spacer layer enhances the conduction band gap 

difference between the AlN layer and the GaN channel, as well as the large 

interface polarization charge. This increases the drain current and 

transconductance of the double-channel structure with the AlN spacer layer.  
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Fig. 10: Comparison of ID-VGS at VDS=15V for In0.17Al0.83N/GaN, 

InAlN/GaN/AlGaN/GaN and InAlN/AlN/GaN/AlGaN/GaN HEMT. 

 
Fig. 11: Comparison of gm-VGS at VDS=15V for In0.17Al0.83N/GaN, 

InAlN/GaN/AlGaN/GaN and InAlN/AlN/GaN/AlGaN/GaN HEMT. 

V. Conclusion 

InAlN/GaN heterostructures that are lattice-matched experience no strain, 

thereby mitigating issues related to strain-induced defect relaxation and 

enhancing overall reliability. In this paper, the double-channel 

In0.17Al0.83N/AlN/GaN/Al0.05Ga0.95N/GaN HEMT is proposed and compared 

with In0.17Al0.83N/GaN HEMT and InAlN/GaN/AlGaN/GaN HEMT. 

Simulation results have shown that the drain current and transconductance of 

the proposed structure are higher than those of the other two structures. The 
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presence of an AlN separator layer and also AlGaN back- barriers lead to a 

significant increase in the plate carrier density in the 2DEG channel, 

 thereby enhancing carrier mobility. Consequently, the drain current and 

transconductance are improved for the proposed structure. 
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