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Abstract - The paper focuses on the effects of polarization, band gap and thermal conductivity on Indium Nitride (InN)-
based High Electron Mobility Transistor (HEMT) design for microwave applications. For the polarization effects on that 
transistor design, the piezoelectric polarization and spontaneous polarization have been considered. For the effect of band 
gap change, the temperature is vital role to consider for the analysis as a function of modelling. For the thermal conductivi ty, 
the output current and input voltage between the three electrodes of HEMT model. The considered temperature is room 
temperature condition. The theoretical analysis on considering those effects could be provided to enhance the device 

performance of the proposed applications. The simulation results have been checked with the experimental results of 
literature reviews. 
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I. INTRODUCTION 

 

In N-based hetero structure is a promising 

optoelectronics material for fabrication of High 

Electron Mobility Transistors [1]. The built-in-

polarization (BIP) of InN-based hetero structures 

enhances Debye temperature, phonon mean free path 

and thermal conductivity of the hetero structure at 

room temperature. The InN=based hetero structure 

system has several advantages. The advantages 

include high rate of optical phonon emission 
(2.5×1013 s-1), operating in THz frequency range, high 

value of electron drift velocity (5×107 cm s-1) and 

large conduction band offset [2]. An important 

feature of InN-based hetero structures is the existence 

of spontaneous (sp) and piezoelectric (pz) 

polarizations at the interface [3]. The sp polarization 

arises due to non-center symmetric nature of 

hexagonal unit cell of InN; and pz polarization is 

induced due to lattice mismatch strain [4]. These 

polarizations generate a strong built-in-polarization 

(BIP) electric field whose intensity reaches several 
MV/cm [5,6]. Due to temperature variation, this BIP 

changes its behaviour which modifies significantly 

thermal and electrical properties of High Electron 

Mobility Transistor devices [7]. So, it is required to 

explore what happens to polarization mechanism 

under heating and its effect on performance of InN-

based High Electron Mobility Transistor devices. 

 

II. POLARIZATION EFFECTS 

 

Polarization mechanism modifies the thermal 

parameters. The revised parameters such as elastic 
constant, phonon velocity and Debye temperature of 

InN have been computed taking into account the 

built-inpolarization field. In this work, the material 

parameters and spontaneous and piezoelectric 

coefficients of InN is taken from Refs. [3,4,8,9]. 

According to the dynamical theory of crystal lattices, 

the primary piezoelectric coefficient of the wurtzite 

nitrides can be expressed as the sum of two terms 

which denote the contributions from acoustic modes 

and optical modes. The temperature dependence of 

contribution of acoustic modes to the primary 

piezoelectric coefficient of the wurtzite nitrides is 

approximately described. In semiconductors, the 
thermal energy is carried by acoustic phonons. 

Optical phonon's group velocity is small in 

comparison to acoustic phonons so their contribution 

to thermal energy transport is negligible. The 

contribution of the acoustic modes to the primary 

piezoelectric coefficient is dominant from 0 K to 

around 100 K and the contribution of optical modes is 

very small. When the temperature is close to 600 K, 

the contributions of the optical modes and acoustic 

modes are comparable. It indicates that the 

contributions of the acoustic and optical modes to the 
primary piezoelectric coefficient change with 

temperature. It is substantially different from that of 

conventional ferroelectrics-based piezoelectrics 

which are described only by the optical modes. 

 

III. BAND GAP CHANGE AS A FUNCTION OF 

TEMPERATURE 

 

The band gap change with respect to function of 

temperature is very important to check the quality of 

materials for specific device fabrications. The band 

gap consideration for specific material only depends 
on the temperature and the room temperature 

condition is critical consideration of checking the 
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physical properties for the device fabrications. In this 

study the Indium nitride-based proposed materials for 
High Electron Mobility Transistors (HEMTs). The 

details developments for band gap change as a 

function of temperature with the help of best fit 

modification by comparing with the experimental 

results.  

 

IV. THERMAL CONDUCTIVITY 

 

A strong reduction of the thermal conductivity is 

clearly observed in [10]. This is due to point defect 

(mass difference) scattering. At high temperature, 

Umklapp phonon scattering dominates. Hence 
thermal conductivity shows exponential decrease. In 

this study dislocation density has been kept lower 

than 1011 cm-2. Higher than this value, thermal 

conductivity shows significant decrease [11–134].The 

boundary scattering has been computed using 

thickness of InN as L= 300 nm [14]. However, if L is 

taken lower than 200 nm, then phonon thermal 

conductivity decreases more than 20% [15]. 

 

V. IMPLEMENTATION 

 
The analyses for polarization charge density, 

comparison of band gap change as a function of 

temperature and thermal conductivity effects on 

Indium Nitride based High Electron Mobility 

Transistors have been completed by applying the 

numerical modelling of the semiconductor materials 

equations. Fig.1 shows the implementation flowchart 

for the analyses. At first, the range of temperature, the 

various value of moel fraction and the values of 

thickness of InN layer have to be initialized for the 

input parameters. After that the piezoelectric 

polarization and spontaneous polarization charge 
density based on difference mole fractions have been 

considered. And then the band gap changes as a 

function of temperature has to be evaluated based on 

the difference temperatures. The thermal conductivity 

witth respect to thickness of InN layer has to be 

analysed for concluding the theoretical results. 

Start

Initialize the Range of 

Temperature, Various Value 

of Mole Fraction, Values of 

Thickness of InN Layer

Evaluate the Piezoelectric Polarization and 

Spontaneous Polarization based on 

Difference Mole Fraction

Evaluate the Band Gap Changes as a 

Function of Temperature

Evaluate the Thermal Conductivity with 

Respect to Thickness of InN Layer

End

Discuss the Results on Theoretical 

Analyses

 
Fig.1. Flowchart of Implementation 

VI. RESULTS AND DISCUSSIONS 

 
In this study, there have been analysed based on 

polarization charge density, comparison of band gap 

change as a function of temperature and thermal 

conductivity effects on Indium Nitride based High 

Electron Mobility Transistors. The details discussions 

have been discussed in the following sub sections. 

 

A. Polarization Charge Density 

The role of the electron–phonon coupling is relatively 

small for bulk material. Fig.2 shows the Piezoelectric 

Polarization Charge Density. The difference between 

three materials with Indium Nitride could be changed 
based on the larger the values of mole fraction to 

determine the piezoelectric polarization charge 

density. 

 

 
Fig.2. Piezoelectric Polarization Charge Density 

 

Fig.3 illustrates the Spontaneous Polarization Charge 

Density. But the spontaneous polarization could be 

increased based on the larger the values of mole 

fraction. 

 

 
Fig.3. Spontaneous Polarization Charge Density 

 

The variation of sp, pz and total P as a function of 

mole fraction has been plotted in Fig. 4. In these 

simulation results, the total polarization depends on 
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the Piezoelectric Polarization Charge Density because 

of the statistic changes of spontaneous polarization 
charge density. 

 
Fig.4. Total Polarization Charge Density 

 

As polarization phenomenon enhances the phonon 

velocity and mean free path; so, phonon group 

velocity and mean free path with polarization 
mechanism are respective polarization contributions. 

 

B. Comparison of Band Gap Change as a Function 

of Temperature 

The Comparison of Band Gap Change as a Function 

of Temperature is shown in Fig.5. In this result, there 

have been analyzed based on three materials like InN, 

AlN and InP. Among them, the InN case is very 

efficient for designing the High Electron Mobility 

Transistors (HEMTs). 

 

 
Fig.5. Comparison of Band Gap Change as a Function of 

Temperature 

 

C. Thermal Conductivity Vs Thickness of In N 

Layer 

Fig. 6 shows thermal conductivity of InN layer as a 

function of thickness. It can be seen that when InN 

thickness is equal to or above 1000 nm, thermal 

conductivity begins to approach a constant value of 

bulk. However, when thickness is lower than 1000 

nm, there is a regular decrease of thermal 

conductivity. As thickness become lower than 600 
nm, thermal conductivity decreases fast. Below 300 

nm, thermal conductivity shows a significant drop. In 

thin films, when the characteristic length (film 
thickness) is comparable to the phonon mean free 

path, the boundary or interface scattering becomes 

important [16]. 

 

 
Fig.6. Thermal Conductivity with respect to Thickness of InN 

Layer 

 

The influence of polarization is clearly observed in 

the low and high temperature ranges. The peak value 

of thermal conductivity decreases due to polarization 

effect. This is explained by the fact that polarization 
effect significantly changes the phonon density of 

states. This redistribution of phonons results as 

phonons gain energy from polarization effect and the 

effect improves the energy difference between the 

adjacent modes of phonons [17]. A noticeable feature 

observed in an experimental study [18,19] was that 

the thermal conductivity of the InN film shows higher 

thermal conductivity than the theoretical prediction at 

room temperature. It could be proposed that one 

reason of this high thermal conductivity of this InN 

film at room temperature could be due to the 

contribution of built-in-polarization field to thermal 
conductivity. This shows polarization phenomenon 

enhances thermal conductivity at room temperature 

[20–23]. It can be seen that above temperature Tp, 

thermal conductivity with and without BIP field 

decrease, however at different rates with temperature. 

 

VII. CONCLUSION 

 

The contribution of polarization to thermal 

conductivity has been computed. Electrons in the 

conduction band scatter low-energy phonons 
effectively where surface modes dominate, resulting 

in a smaller thermal conductivity. This study points 

out that phonon scattering rates are suppressed by 

built in polarization mechanism; even strong phonon 

scattering from point defect is suppressed by 

polarization field. The variation of thermal 

conductivity (k) with mole fraction for including and 

excluding BIP mechanism in the heterostructure 

predicts a transition temperature between primary and 

secondary piezoelectric effects. In this work, we have 
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shown that total polarization (sp plus pz) can be made 

zero at a particular temperature in InN-based 
heterostructure and if InN layer is alloyed with other 

III-V compounds this temperature of zero crossover 

can be tailored according to wish. 
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