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 We present this work by two steps. In the first one, the new structure 
proposed of the FP-HEMTs device (Field plate High Electron Mobility 
Transistor) with a T-gate on an 4H-SIC substrate to optimize these electrical 
performances, multiple field-plates were used with aluminum oxide to split 
the single electric field peak into several smaller peaks, and as passivation 
works to reduce scaling leakage current. In the next, we include a modeling 
of a simulation in the Tcad-Silvaco Software for realizing the study of the 
influence of negative voltage applied to gate T-shaped in OFF state time and 
high power with ambient temperature, the performance differences between 
the 3FP and the SFP devices are discussed in detail. 
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1. INTRODUCTION  

Research concerning of a HEMTs device has significant efforts in providing exploring new solution 
for optimal performance with several domains searches very active. The innovative technology of this device 
type can also be attributed to the adoption with novel structures and analysis operating principles process [1], 
such as the dynamically doping/dedoping [2]. The application of the high breakdown field effect [3], [4]. The 
team has been created different structure for field plates on GaN HEMT slant structures [5], 2nd plate [6], 
such as Field plates (FPs), including source FPs (SFPs) [7], gate FPs (GFPs)[8], and multi-FPs (MFPs) [9], 
[10], [11]. Modeling a new structure as possible as of the next generation of device creative structure in the 
next generation of the material III-N has interest in this research, Simulation Tcad-Silvaco software program 
and superficial genetic algorithm [12] can help for private analysis a new proposed structure. The accurate 
results process examination needs many model’s physics approach can be delivered by a hydrodynamic or  
quantum model [13]. 

The main features of our model as proposed in this work a quantum mobility models for the 
peculiarities of the III-N material process system [14]. A software simulation used for implemented 
calibrated setup in a device from a recent generation of a HEMT with adapts physics models. A high 
precision for all relevant characteristics was achieved. 

At the moment, Modern methods used for describing the device characteristics keep abreast of rapid 
and effective progress in devising solutions and minimizing the margin of uncertainty be limited and reduce 
the time of finding the optimum data. Among the semi-classical models and Monte Carlo method offer the 
detailed explanation of the solution but is limited in realistic engineering applications for its computational 
expenses [15]. 

All elements intrinsic, extrinsic and parasitic of device (due to connecting wires, metallic contacts, 
packaging, etc.) are very important index in high frequency, in this case a small signal circuit equivalent can't 
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be become comparable with the parasitic parameters. We have calibrated simulation a base of the calculate 
these values without any discrepancy in neglecting or inaccurately. To accurately solve a problem with 
parasitic elements, in order to provide a more accurate representation of the parasitic elements, a problem 
need the emphasis in solve by the rendering device performance has affected by many  
simultaneous factors [16]. 

A solution for thus enhancing the device performance and their extreme thinness alleviate short-
channel effects with this technology [17], the fabrication of double gate device which need complicated 
technology and has been not deserving a complete special attention irrespective has been  
very expensive [18]. 

While this paper focused on the analysis results a biased of the quantum models, new Monte Carlo 
method and genetic algorithm for found optimal circuit equivalent has been verified with study all side effect 
to provide a correct physical insight into the device properties. 
 
 
2. DEVICE AND MODELING 

The device is shown in Figure 1(a). The first contact Schottky used Gold "Au" for a wider head T-
shaped gate process electrode. Then, source/drain/field plate electrodes were formed by "Au" (250 nm) are 
chosen for ohmic contacts, the device design features a heterostructure In0.18Al0.82N/GaN, where the 
periphery oxide Al2O3 of the Gate is a difference with conventional designs [19]. 

This gives rise to a conduction band shape for the barrier that, for the same sheet carrier 
concentration based on model Fujitsu [20], the Hall mobility and sheet carrier concentration were 1300 cm2 
V-1 s-1 and 1 × 1013 cm-2. The heterojunction features a sheet charge density of 1.85x 1013 cm2.  

The performance of this device been simulated by Tcad-Silvaco software. We use two steps for 
simulated this device: The first step focused to create a structure in the framework DevEdit. The second step 
focuses to analyze this structure in the framework Atlas system. 

We see in the Figure 1(b) a cross section of the structure, it’s located over the layer of substrate (4H-
SiC). We present each the layer in the flow: We find that the color gold region corresponds to the electrodes 
(i.e. the field plate, source, drain and gate), the color brown corresponds to layers of the channel and cap 
layer, the color red corresponds to layers of a donor and Schottky, the buffer and spacer layers corresponds to 
green color and finally gray color regions correspond to the substrate. 
 
 

 
Figure 1. View structure HEMT InAlN/GaN triple field plate in left shown 3D triple FP-HEMT in silvaco-

tcad and in other side of the longitudinal section of the device 
 
 

While in this paper is focus on illustration design the HEMT structure device proposed for the 
optimization process using a genetic algorithm to extract the device dimensions, you should know that it is 
through a well-designed structure, you will: 

a. Improve the performance with minimizing adverse effect content. 
b. Larger safe operating area. 
c. High switching speed. 

It is therefore possible to calibrate the HEMT model using simplified device geometry, so care 
should be taken to find initial values as close as possible to the optimal calibration point. From the score the 
optimizer generates a new set of model parameters which are then used for the next simulation run [21]. 
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3. RESULTS AND INTERPETATIONS 
The gate length of the device is LG = 15 nm in this work. We simulated the device with Silvaco-

Tcad software. We demonstrated 3D device modeling of an InAlN/GaN HEMT with quantum correction, 
which was specified with three different statements. AGDEVICE confines the MC electrons to the  
4H-SiC substrate.  

As a result, the "Electron Conc" and "Average Electron Conc" fields in the devices do not show 
electrons in the oxide even though electron penetration of the InAlN barrier is considered as part of the 
model. This choice is conventional. The model reasonably predicts the impact of quantum size effects on the 
electron concentration and the terminal currents [22]. 

After the definition of the HEMT structure and materials used for model, the initial solution is 
obtained from the gate voltage set to zero, the structure under zero bias (the initial case reported for supply 
voltages), and the solutions are obtained from the choices specified in the algorithm, to obtaining a depth 
characterization from the simulation.  

Accurate simulation results can be obtained by solving quantum genetics model physics for 
simulation the analyze device performance [23], the device temperature is not at all constant, especially at the 
gate exit in the reality for that the simulation has been begin 300 K and this value is higher with time, 
specialized numerical techniques required for that GIGA model should be used to simulate the heat-flow in 
the device [24], it's included heat generation, heat flow, lattice heating, heat sinks, and effects of local 
temperature on physical constants with BLAZE models from Tcad-Silvaco software are coupled through 
self-consistent calculations [25]. 
 
3.1.  DC results 

In this device simulation, the electrical transfer and output characteristics are illustrated in Figure 2. 
We changed the acceleration of the drain voltage between 0 V to 3 V, when the simulation was first 
conducted to obtain the I-V characteristic in the DC mode to change the state of the gate voltage by 5 
different bias values, VGS = 1.0 V to - 4.0 V with a step of -1.0 V for both HEMTs. 

The increasingly positive drain voltage led to the electric field across the channel increasing the 
speed of the electron. The voltage distribution across the channel led to a voltage difference between the gate 
and the channel along it, with the transistor demonstrating a variable resistance behavior controlled by the 
gate voltage and the note is with FP that region is large. This indicates excellent gate control of the 2DEG 
channel [26], and the maximum drain current available reached 2056 mA/mm in the first and 2450 mA/mm 
in the other, when VGS was biased at 0.0 V & VDS=3.0 V. 
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Figure 2. The transfer curve simulated with VDS fixed between 2 V to VDD and VGS sweeping from  
1 V to −10 V, the DC Output characteristics of the InAlN/GaN HEMT with a gate length of 15 nm and VGS 

stepped from 1.0 V to −4.0 V in steps of −1.0 V 
 
 

The pinch-off voltage was found to be −4.0 V, as shown in Figure 2(b), which validates the 
suitability of Schottky contacts technology for InAlN/GaN heterostructure with improved device 
performance [27]. The extrinsic transconductance (gm) characteristics of the device, where the simulation is 
extracted displays a maximum peak gm as 840 mS/mm for 3FP and 560 mS/mm for SFP at VDS=5.0 V. This 
peak appears in the curve of the transconductance as a dependence on the gate bias VGS. The simulated 
HEMT device noticeably reflects the DC behavior various operating conditions, which correspond to the 
2DEG is affected by the presence of charged species from the channels modulated sheet density by different 
gate voltages. These performances are better quality of the values earlier reported for the device similar based 
on III-N material [28], [29].  

The total parasitic resistance is generally dominated by a low Ohmic contact resistance [30] which is 
a large amount advantageous and could be attributed to the increased carrier concentration or/and an 
increased carrier mobility [31]. 
 
3.2.  Breakdown voltage 

The impact ionization-generation model applies in order to understand their impact on off-state 
breakdown voltages should be turned-on at techniques to simulate in the software process, this has used the 
impact Selb statement in which the severe impact ionization model is activated, here the beam statement is 
used to specify an optical source of carrier pair generation in addition to the thermal generation provided by 
recombination SRH (short read holes) GIGA and Blaze model.  

In Thermal effect must be taken of the hot electrons, lattice variations of the exterior temperature 
and self heating of device into account [23]. It is based on this work on the model of Wachutka [32] and 
includes all thermal sources and sinks (Joule heat, Thomson term, etc.). Successful thermal modeling requires 
appropriate boundary conditions to be specified. 

The off-state IDS–VDS characteristics or breakdown voltage of conventional InAlN/GaN HEMTs 
with a wide drain bias region of the gate voltage between –1 V and -4V are shown in Figure 3. The 
conventional HEMTs demonstrate the off-state breakdown voltages of a 180 V and 875 V. Growth of the 
AlN layer was particularly crucial indicated in that the breakdown characteristic of the HEMT device with 
this layer has been significantly improved in this device as well as their resistivity [33]. It is believed that 
enhancement of the off-state breakdown voltage of the HEMT device is attributed to a better carrier 
confinement and the increased back-barrier height of the AlN buffer layer used suppresses the spillover of the 
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2DEG into the buffer layer and postpones the punch through of the buffer layer, thus can be particularly 
prominent as a function of the sub-threshold drain leakage current and increasing the breakdown voltage 
really very remarkable.  
 
 

 
 

Figure 3. The DC Output characteristics of the InAlN/GaN HEMT with a gate length of 15 nm and VGS 
stepped from -1.0 V to −4.0 V in steps of −0.5 V for breakdown voltage 

 
 

At a certain drain current level value with increasing a channel pinch-off effect, and the punch 
through of the electrons into the buffer layer causes a rapid increase of the drain leakage current the punch 
through of the HEMT device breakdown be occurs [34], [35] and is known as the buffer-layer punch through 
effect [36], such as 200 mA/mm in VGS=-4 V for example. As mentioned above, the electrons spilling over 
from the channel to the buffer layer at a higher drain supply voltage can from the buffer leakage current. The 
drain current change in IDS for the remarkable kink is maximum near the pinchoff of the device and reduces 
with the decline in the gate voltage. 
 

3.3.  Kin effect 
Figure 4 shows the output characteristics of a 3FP-HEMT with Kink effect for temperature ambient. 

The device shows significant changes in the current density with a rise after stress with abrupt growth in 
current at different VGS voltage bias. In particular, it exhibits trapping/detrapping time constraints being 
researched vigorously indicating the existence of the traps in device [37]. 
 
 

 
 

Figure 4. Output characteristics with kink effect 
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Resulting in an accumulation of holes amending surface potentials or channel / substrate interface 
indicates the critical drain voltage (Vkink), this region of the Kink effect is highest in the output conductance. 
The study of the reliability of the Kink effect, especially with the gate bias Vkink increases regular in III- V 
materials, devices are field-assisted in nature and it is suggested that this kink could be induced by hot 
electron trapping and field-assisted de-trapping via donor-like traps in the buffer layer [38]. 
 
3.4.  AC results 

In this simulation, the maximum gain shown for the current H21 are between 67 dB for FP-HEMT 
and for others is 63 dB at 1 GHz, the maximum stable power gain is 38 dB for the first and for others is  
37 dB at 1 GHz. Are shown in Figure 5. 
 
 

 
 
Figure 5. The simulated current gain (H21) and maximum gain power stability (GMS) versus frequency 

for the LG=15 nm InAlN/GaN HEMTs. The bias conditions were VDS=2 V and VGS=0 V 
 
 

These result values were extracted from the extrinsic S-parameters and were then used to verify the 
intrinsic values of this device by simulation. An important advantage is optimized in the device; the 
electronic transfer in the channel due to the effect of the capacitances requires the high values of the gate to 
source capacitance (CGS), which result from the extended effective gate length [39]. We determined the 
cutoff frequency of the first device is 290 GHz and 305 GHz for another. The value of the maximum 
frequency is approximately 1.2 THz with a slope 0 dB/Dec [40]. 

The decline in the frequency value of the devices is fundamentally associated with the length of the 
gate, as well as the design of the device, and therefore the presence of the field plate has contributed to this 
reduction in value of the cutoff frequency. For comparison, the highest cutting frequency reported in nitride 
transistors to date was 670 GHz [41] and 1 THz [42]. 
 
 

4. CONCLUSION 
We have presented the power performance of a 15 nm gate length InAlN/GaN HEMTs on SiC 

substrates using the periphery oxide of the gate for structures with and without a field plate. These devices 
exhibited current density as high as 2.05 A/mm, a peak extrinsic transconductance of 840 mS/mm for 3FP 
and 560 mS/mm for SFP at VDS=5.0 V, and a cutoff in the first device is 290 GHz and 305 GHz for other. 
The maximum frequency was 1.2 THz, maximum breakdown voltage of a 180 and 875 V. These results 
demonstrate the possibility of using this technology in different application with this optimized structure. 
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Acronyms  
ITER Iteration steps 
dt Denote differential interval of quantity 
dir The direction primary injection direction for the contact 
BOUNDP Defines the length units for all positional bound 

parameters 
TSTEP, XSTEP Denote integer multiples of the corresponding 

differential intervals 
AGDEVICE Algorithm genetic device 
QREGION Quantum region definition 
SCHRREGION Schrödinger region definition 
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