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Abstract 

In this paper, we present a simulation results of the design and characterization for GaN double-gate transistor, that has T-

gate geometries with high-electron-mobility to realize high performance using silvaco TCAD Software, this transistor is used for 

amplifiers application. We have obtained an excellent current density, almost 817mA/mm, a peak extrinsic transconductance 

of 915mS/mm at VDS=2 V, and cutting frequency cutoffs of 878 GHz, and maximum frequency of 982 GHz. 

Keywords— HEMT, GaN, power application, Tcad-Silvaco. 

I. Introduction  

Currently, Devices that work as a low-noise amplifier when 

the input signal level is low and automatically switches to high-

power amplification for relatively high input signal levels [1] 

are the future of amplification. 

For that we can enhance the performances of the next-

generation with GaN-based high electron mobility transistors, 

we have created the structure using genetic algorithm and 

using Silvaco software tools for simulation.  

 

The introduction of a thin AlN spacer layer at the 

InAlN/GaN interface, increases the carrier density and 

effectively reduces the alloy scattering of the two-dimensional 

electron gas (2DEG), so that it provides a better carrier 

confinement [2-3], InAlN/GaN heterostructure has good 

thermal stability and robustness, promising very high power 

and high temperature work operating mode [4]. 

 

A hydrodynamic or quantum model approach must be used 

to obtain accurate results for such structures. We propose 

quantum mobility models which corresponds to the 

particularities of the GaN material system. The models was 

implemented in our simulator Silvaco and carefully 

calibrated. A device from a recent transistor generation is 

simulated using the quantum genetic. A good accuracy for all 

relevant characteristics is achieved. 

In this work, we have demonstrated that is possible to 

produce excellent properties of HEMT InAlN / GaN while 

minimizing side effects. Through the optimization of the 

device design and quality control of doping implant, also the 

adoption of several analytical models to simulate the devices 

highly scaled analysis characteristics [5], [6], in order to 

intentionally decrease  phenomena unwanted until they 

become almost negligible. 

2. Modeling Results 

As illustrated in fig.1 (a), we see a cross section of the 

structure, and this structure located over the layer of substrate 

(4H-SiC). The device contact used an Au Schottky 

source/drain and gate electrodes, the device design features a 

heterostructure InAlN/GaN, where the periphery oxide Al2O3 

of the Gate is a different than the conventional designs [7], 

and the passivation dielectric that minimizes surface leakage 

and creates a high density of shallow traps at the surface [8]. 

As a result, after a doping layer the leakage current density is 

eliminated from the device, resulting in an InAlN barrier 

undoped [9]. 

This raises the  conduction band shape for the barrier 

that, for the same sheet carrier concentration based on Fujitsu  

model [10], The Hall mobility and sheet carrier 

concentration were 1300 cm
2

 V
-1

 s
-1

 and 1 × 10
13

 cm
-2

.The 

heterojunction features a sheet charge density of 1.85x 10
13

 

cm
2

.Dimensions are also critical parameters for the device 

performance, the dimension of the device studied is given in 

Table 1. 

 

 
Table 1 : Parameters of HEMT device. 

Name Symbol Value [nm] 

Thickness Cap Layer EOH 3 

Thickness Layer Schottky ES 7 

Thickness Layer Donor ED 3 

Thickness Layer Spacer EE 1 

Thickness Canal Layer EC 37 

Thickness Tampon Layer ET 150 

Thickness of Bulk EB 100 10
3

 

Length Drain Gate1 LDG 1.47 10
3

 

Length Source Gate2 LSG 0.50 10
3

 

Length Gate LG 15 

Length Drain & Source LD 0.5 10
3
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Fig. 1 : (a) 2D Structure Double Gate HEMT InAlN/GaN from 

Atlas. 

 

Fig. 2 : (b) Doping profile. 

 

Fig. 3 : (c) Electron mobility. 

 

Fig. 4 : (d) Holes mobility. 

3. Results and discussion 

In this work, Silvaco ATLAS is used for the 2D simulation 

of the considered HEMT. Silvaco’s ATLAS program 

performed the device structuring and subprogram calls, while 

BLAZE and GIGA, ATLAS sub-modules, perform special 

functions required for advanced materials, hetero-junctions, 

and thermal modeling. In fact, ATLAS generally uses the 

BLAZE program extension to correct model for the III-V 

semiconductors, in order to adapt calculations that involve 

energy bands at the hetero-structure. The hetero-junctions 

need to change in determination of current densities, 

recombination-generation and velocity saturation. The 

hydrodynamic with energy balance carrier transport model is 

used in order to achieve maximum accuracy as computational 

efficiency.  

However, while using TCAD simulation software, some of 

physical models have to be incorporated into the model to 

perform desired simulations and do reliable predictions 

about our device characteristics.  

These models deal with the carrier behavior such as lattice 

temperature. In addition, because of the high operating 

voltages, self-heating effects need to be considered in our 

simulations. 

A. DC Results 
 

 

 
Fig. 5 : characteristics of HEMT InAlN/GaN with a gate length of 15 

nm with VDS 2.0 V. 
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Fig. 6 : DC Output characteristics of DG-HEMT InAlN/GaN with a 

gate length of 15 nm with VGS stepped from 0.25 V to −1.5 V in steps 

of −0.25 V. 

In this simulation of the devices the electrical 

characteristics transfer is illustrated in right of the Fig. (2) The 

HEMTs with a gate length of the 15 nm, the device is 

delivered to extract an ON/OFF current density ratio higher 

than 1 x 10
10

, and we have investigated the conduction band 

profiles to show that drain-induced barrier lowering (DIBL) is 

more explicit in a highly scaled device at length gate 15 

nm,DIBL=33.52mV/V with VDS fixed between 2 V and VDD, 

effects due to this length of the gate which are observed are 

called short-channel effects (SCE). Effects occurring at larger 

VDS are termed drain induced barrier lowering (DIBL) effects 

[11].  We are not the first to observe this in simulations for 

HEMTs, it has been investigated since 1989 by Awano and 

al. [12]. 

Fig. (2) in left we have presented the extrinsic 

transconductance characteristics of the device at VDS=2 V, the 

simulated exhibits a maximum as 915mS/mm at VGS=0.0 V. 

This peak shows in the curve of the transconductance a 

dependence on gate bias VGS and obviously reflects the DC 

behavior of the simulated HEMT, which correspond to the 

2DEG channels modulated by different gate voltages. These 

properties are superior to the values previously reported for 

similar structures based on AlGaN/GaN heterostructures 

[13]. Here, a better DC characteristic is realized on sample 

with slight inferior electrical properties in comparison with 

the earlier reported [14], the total parasitic resistance 

generally is dominated at low Ohmic contact resistance for 

this is to highly desirable, which could be attributed to the 

increased carrier concentration or/and an increased carrier 

mobility [15]. 

We have changed the drain voltage between 0V and 3V, 

when simulation is first conducted to obtain the I-V 

characteristic in DC mode to change the state of the gate 

voltage by 10 different bias, VGS = 0.25 V to - 1.5V with the 

step of the -0.25V for both HEMTs. The positive increase in 

the drain voltage, leads to the electric field across the channel 

increases the speed of the electron. The voltage distribution 

across the channel leads to a voltage difference between the 

gate and the channel along it, the transistor taking a variable 

resistance behavior controlled by the gate voltage. Indicating 

excellent gate control of the 2DEG channel [16], and the 

maximum drain current available reached 817 mA/mm when 

VGS was biased at 0.0 V & VDS=3.0V. The pinchoff voltage is 

extracted at −1.5 V. show in Fig. 3. 

B. AC Results 

We Show in this simulation the gain of the current H21, 

unilateral (UT), max transducer (MGT), maximum stable 

(GMS) and maximum available (GMA) for power gain versus 

frequency range of [1 GHz to 1 THz] in fig 5. 

 

 

Fig. 7 : Simulated current gain (H21), Unilateral (UT), max 

transducer (MTG), max available (GMA) and Max stable power 

gain (GMS) versus frequency for the LG=15nm 

InAlN/GaNHEMTs. The bias were VDS=5VandVGS=0V. 

 

This result values extracted after verifying from the 

extrinsic S-parameters with the intrinsic values of this device 

by simulation with extrinsic parameter models, due to the 

effect of the capacitances of the high gate to source 

capacitance (CGS) resulting from the extended effective gate 

length [18], and the electronic transfer in the channel is 

optimized. 

The cutoff frequency is 978 GHz and the value of Max 

frequency is approximately of 889 GHz with a slope of 0 

dB/Dec for the device, this value is greater than DG-HEMT 

and may be used for future low noise MMIC design 

applications. 

Inset shows that the peak value of GMS and GMA is 

obtained as 42 dB and for UT, GMT and H21 are 61 dB, 62 

dB and 63 dB through simulation respectively. A steep 

decrease is observed up to around 0 dB for frequencies even 

it is greater than 1 THz. This indicates good stability 

performance exhibited by the device making it suitable for 

low-noise amplifier applications. 

The rise in the value of the frequency of the pieces show 

the basis for being associated with the length of the gate, gas 

electron two-dimensional gas is double 2DEG in the canal, as 

well as the design of the device. For comparison, the highest 

ft reported so far in nitride transistors double gate was the 

device is enhanced and very impressive fT and fMax peak values 

of 668 GHz and 312 GHz are obtained respectively [19]. 

4. Conclusion 

In this paper, we have reported high-efficiency GaN 

HEMT on SiC substrates using the periphery Al2O3 oxide 

periphery of the gate and the mince InAlN barrier for 
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amplifier applications. Balanced device was designed and 

simulated by using a GaN HEMT by Tcad-Silvaco software. 

The results prove that the proposed GaN HEMT 

amplifier can deliver the highest power and higher efficiency 

performances for power applications. 
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