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Abstract– The combined dependence of the electronic and thermal characteristics in the 

AlGaN/GaN HEMTs supported in nano-elctronic devices was studied theoretically and 

numerically. The Schrödinger-Poisson equations coupled with Dual phase lag (DPL) thermal 

transfer equation was undertaken. Simultaneous impacts of the conduction band offset and 

polarization charge between the AlGaN/GaN heterointerface induce the production of the 

two-dimensional electron gas density (2DEG). The simulation results showed that the 2DEG 

density at the heterointerface increased with increase of Aluminum fraction. In addition, the 

simulation results of the thermalization process were found to be in good agreement with the 

literature. As a result, the maximum heat generation as well the maximum temperature at the 

heterointerface increased. The obtained result could to be useful in assessing thermal transfer 

in the AlGaN/GaN HEMTs nano-devices to improve their performance. 

 

Keywords – AlGaN/GaN HEMTs; DPL model; 2DEG Density; thermal flux; Heat generation. 

 

1. Introduction  

High Electron Mobility Transistors (HEMTs) power components on Gallium Nitride 

(GaN) have demonstrated their potential to respond to high frequency applications such as 

radar, space or telecommunications. Up to now the best performances of HEMTs AlGaN/GaN 

transistors in terms of current cutoff frequency (ft=454GHz) and in power (fmax=444GHz) 

have been obtained for 20 nm long gates [1]. The increase in the frequency of components, 

linked to their miniaturization, is inevitably accompanied by an increase in the power 

dissipated, causing significant self-heating. 

Several ways are being studied to improve the thermal dissipation of transistors in the GaN 

industry. The substrate used for the growth of the AlGaN/GaN heterostructure must have 

good electrical resistivity and good thermal conductivity to promote heat dissipation from 
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mailto:hichem.gazzah@fsm.rnu.tn
https://www.mdpi.com/search?q=AlGaN%2FGaN%20HEMTs


2 

 

operating components [2-4]. A new and growing voice for improving the cooling of electronic 

circuits is to integrate micro-channels directly into the circuits allowing the circulation of 

water and ensuring the cooling of the components [5]. 

Thus, it has been demonstrated that the management of the thermal dissipation of the 

components is a major stake in obtaining reliable electronic systems. In order to optimize the 

thermal management of components, it is important to know the operating temperature of 

components in real time. The real-time knowledge of this temperature allows control and 

ensure preventive and non-curative maintenance of electronic systems.  

The answer projected by several works considers the temperature as an external parameter 

as close as possible to their hot point close to the maximum operating temperature [6-7]. 

Nevertheless it has many shortcomings in real situations. Indeed, the assessment of the 

temperature depends on the thermal source generation caused by the current density, the 

electric field due to Joule effect and the electron carrier mobility attributable to the polar 

optical phonon scattering. Conversely, the temperature evolution affects the electrical 

characteristics. 

Another advance which may be valid is the Fourier thermal transfer theory. This 

breakthrough has proven to be suitable for the study of thermal conduction in a large number 

of electronic components [8-9]. Nevertheless, at the nano-electronics components based 

HEMTs heterostructure, additional complex phenomena are associated with thermal 

conduction processes [10]. To study thermal conduction in HEMT-based electronic devices at 

the nanoscale, the dual-phase-lag theory (DPL) was developed to overcome the weakness of 

the conventional Fourier thermal transfer theory [11-12]. In order to describe the microscopic 

electron phonon interactions, the Dual-Phase-Lag thermal conduction model taken into 

account the two relaxation parameters T (the phase lag of the temperature gradient which trap 

the time delay ensuing from the microstructural interaction effect) and q (the phase lag of the 

thermal flux that trap the quick transient effect of thermal inertia) model has been developed 

by Tzou [13-14]. 

In this work, we consider the combined dependence between the electronic and thermal 

characteristics on the nano AlxGa1-xN/GaN HEMTs based electronic devices. In section 2, the 

DPL equation joined with the Schrödinger-Poisson equations is detailed. In section 3, the 

discussion results of electrical and thermal characteristics are studied with respect to the 

Aluminum fraction. 
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2. Theoretical formulation  

2.1. Dual phase lag heat transfer equation 

The thermal transfer comportment of nano-electronic devices is expressed by the 

subsequent equation: 

𝜌𝐶𝑝 𝜕𝑇(𝑧,𝑡)𝜕𝑡 = −∇𝑞(𝑧, 𝑡) + 𝑄                                                                                   (1) 

where 𝜌, 𝐶𝑝, 𝑞 and 𝑄 are the thermal capacity, the thermal flux and the heat source generation 

rate, respectively. 

The dual phase lag thermal transfer theory associates the thermal flux and the temperature 

gradient by means of the subsequent law [14]: 𝑞(𝑧, 𝑡 + 𝜏𝑞) = −𝑘∇𝑇(𝑧, 𝑡 + 𝜏𝑇)                                                                            (2) 

Equation (2) can be expressed as a Taylor-series expansion. The first order development 

allows: 𝑞(𝑧, 𝑡) + 𝜏𝑞 𝜕𝑞(𝑧,𝑡)𝜕𝑡 = −𝑘 (∇𝑇(𝑧, 𝑡) + 𝜏𝑇 𝜕∇𝑇(𝑧,𝑡)𝜕𝑡 )                                                  (3) 

Replacing the heat flux 𝑞(𝑧, 𝑡) into Eq. (1), we achieve the one-dimensional Dual phase lag 

equation: 

𝜕𝑇𝜕𝑡 + 𝜏𝑞 𝜕2𝑇𝜕𝑡2 = 𝜏𝑇𝛼 𝜕𝜕𝑡 (𝜕2𝑇𝜕𝑧2) + 𝛼 𝜕2𝑇𝜕𝑧2 + 𝛼𝑘 𝑄                                                              (4) 

here, 𝛼 = 𝑘 𝜌𝐶𝑝⁄  is thermal diffusivity.  

The thermal source generation rate Q is principally caused by the Joule heating. 𝑄 = 𝑱 ∙ 𝑬                                                                                                                  (5) 

where 𝐽(= 𝑛𝑒𝜇𝑒(𝑇)𝐸 + 𝑘𝐵𝑇𝜇𝑒(𝑇) 𝜕𝑛(𝑍)𝜕𝑍 ) is the drift-diffusion current density and 𝐸(=− ∇𝐸𝑐(𝑧) e⁄ ) visualize the electric field. 

Temperature and doping dependencies of electron mobility (𝜇𝑒) of GaN and AlN is 

presented as follows [15-16]: 

𝜇Γ(𝑇, 𝑁) = 𝜇𝑚𝑖𝑛 + 𝜇𝐿−𝜇𝑚𝑖𝑛1+( 𝑁𝑁𝑟𝑒𝑓)𝛾0                                                                            (6) 

where 𝜇𝑚𝑖𝑛 = 𝜇300𝑚𝑖𝑛 ( 𝑇300𝐾)𝛾1
, 𝜇𝐿 = 𝜇300𝐿 ( 𝑇300𝐾)𝛾1

 and 𝑁𝑟𝑒𝑓 = 𝑁300𝑟𝑒𝑓 ( 𝑇300𝐾)𝛾2
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Temperature dependency of the thermal capacity is then evaluated by [17]: 

𝐶𝑝Γ(𝑇) = 𝐶𝑝Γ(300𝐾) + 𝐶1 ( 𝑇300)𝛾−1( 𝑇300)𝛾+ 𝐶1𝐶𝑝(300𝐾)                                                               (7) 

The boundary and initial conditions are given as follows: 𝜕𝑇(𝑧,𝑡)𝜕𝑧 |𝑧=0 = 𝜕𝑇(𝑧,𝑡)𝜕𝑧 |𝑧=𝐿 = 0                                                                                    (8) 

𝑇(𝑧, 0) = 𝑇0 = 300𝐾 and  
𝜕𝑇𝜕𝑡 (𝑧, 0) = 0 for 𝑧 ∈ [0, 𝐿]                                         (9) 

Table 1. The suggested values of thermal diffusivity coefficient used for GaN and AlN [15-

16-18]. 

Parameters GaN AlN 𝑘(W/mK)  130(𝑇/300)−0.43 350(𝑇/300)−1.7 𝐶𝑝(300𝐾)(𝐽𝑘𝑔−1𝐾−1) 431 748 𝐶1 171 482 𝛾 1.75 2.29 𝜌(300𝐾)(𝑔𝑐𝑚−3) 6.15 3.23 𝜇300 𝐿 (𝑐𝑚2/𝑉𝑠) 1600 683 𝜇300𝑚𝑖𝑛(𝑐𝑚2/𝑉𝑠) 100 29 𝑁300𝑟𝑒𝑓(1017𝑐𝑚−3) 3 5 𝛾0 0.7 0.8 𝛾1 -3.7 -3.21 𝛾2 -0.2 1.21 𝛾3 1.3 -0.18 

 

2.2. Schrödinger-Poisson equations 

The electronic characteristics of the HEMTs heterostructure is considered by working out 

both Schrödinger-Poisson equations [19]: − ħ22 𝑑𝑑𝑧 ( 1𝑚∗(𝑧) 𝑑𝜓𝑣,𝑘𝑧(𝑧)𝑑𝑧 ) + ∆𝐸𝑐(𝑧)𝜓𝑣,𝑘𝑧(AlGaN/GaN 𝑧) = 𝐸𝑣𝜓𝑣,𝑘𝑧(𝑧)               (10) 

𝜀0 𝑑𝑑𝑧 (𝜀𝑟(𝑇) 𝑑𝑉𝐻(𝑇)𝑑𝑧 ) = 𝑒2(𝑁𝐷(𝑧) − 𝑛(𝑇))                                                         (11) 
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where 𝑧, 𝑚∗, ∆𝐸𝑐, 𝜀𝑟, 𝑘𝑧, 𝐸𝑣 and 𝑁𝐷 are, respectively, the depth direction, the effective mass 

of electrons, the conduction band energy, the dielectric constant, the wave vector, the energy 

subband index and the ionized donors density. 

The density of the electrons 𝑛(𝑇) is expressed as follows: 𝑛(𝑇) = ∑ 𝑚∗(𝑇)𝑘𝐵𝑇𝜋ℏ2 𝑙𝑜𝑔 [1 + exp (𝐸𝐹−𝐸𝑣𝑘𝐵𝑇 )] |𝜓𝑣,𝑘𝑧(𝑇)|2𝑣                                     (12) 

where 𝐸𝐹 is the Fermi energy level and fulfills the neutrality equation: 

∑ 𝑚∗(𝑇)𝑘𝐵𝑇𝜋ℏ2 𝑙𝑜𝑔 [1 + exp (𝐸𝐹−𝐸𝑣𝑘𝐵𝑇 )]𝑣 − 𝑁𝐷2𝐷 [1 − 11+12exp (𝐸𝐷−𝐸𝐹𝑘𝐵𝑇 )] − 𝜎𝑠𝑒 = 0         (13) 

where 𝑁𝐷2𝐷(= 21012𝑐𝑚−2) is the density of dopants and 𝐸𝐷 is the binding energy of donors (= 30 meV) [20]. 

The two-dimensional-electron-gas (𝑛2DEG) density is calculated in all subbands as follows:  𝑛2DEG(𝑇) = ∑ 𝑚∗(𝑇)𝑘𝐵𝑇𝜋ℏ2 𝑙𝑜𝑔 [1 + exp (𝐸𝐹−𝐸𝑣𝑘𝐵𝑇 )]𝑣                                                 (14) 

The electron effective mass as a function is illustrated by the equation [21]:  

𝑚0𝑚∗(𝑇) = 1 + [𝐸𝑃Γ(𝐸𝑔Γ(𝑇)+(2/3)∆𝑠0)𝐸𝑔Γ(𝑇)(𝐸𝑔Γ(𝑇)+∆𝑠0) ]                                                                           (15) 

where 𝑚0, ∆𝑠0, 𝐸𝑃Γ and 𝐸𝑔Γ are, respectively, the free electron mass, the spin orbit splitting, the 

energy associated to the momentum matrix element and the band gap energy. The suggested 

constants utilized in Equation (15) are summarized in Table 2 for GaN and AlN [21].  

The temperature dependency of the dielectric constant (𝜀𝑟) for GaN and AlGaN as 

approximated by [22]:  𝜀𝑟𝐺𝑎𝑁(𝑇) = 8.9𝑒𝑥𝑝[10−4(𝑇 − 300)]                                                                  (16) 𝜀𝑟𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁(𝑇) = 𝜀𝑟𝐺𝑎𝑁(𝑇) − 4𝑥                                                                          (17) 

The sum potential energy ∆𝐸𝑐 is given as follows:  ∆𝐸𝑐(𝑇, 𝑥) = ∆𝐸𝑔(𝑇, 𝑥) + 𝑉𝐻(𝑇) + 𝑉𝑒𝑥(𝑇) + 𝑉𝑃(𝑇)                                           (18) 

where ∆𝐸𝑔, 𝑉𝐻, 𝑉𝑒𝑥 and 𝑉𝑃(= 𝑒𝐹𝑧𝑧) are, respectively, the heterointerface band gap 

discontinuity, the effective Hartree potential, the exchange-correlation potential and the 

potential energy attributable to the polarization charge density in the AlGaN/GaN 

hetrostructure. 
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The electric field (𝐹𝑧) attributable to the spontaneous (SP) and piezoelectric (PZ) 

polarizations in the barrier and well are given as follows [23]: 

𝐹𝑧𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁 = |𝑃𝐺𝑎𝑁𝑃𝑍 −𝑃𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁𝑆𝑃 −𝑃𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁𝑤𝑃𝑍 |𝜀0𝜀𝑟𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁+𝜀0𝜀𝑟𝐺𝑎𝑁(𝐿𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁𝐿𝐺𝑎𝑁 )                                                     (19) 

𝐹𝑧𝐺𝑎𝑁 → 0                                                                                                             (20) 

where (𝐿𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁) and (𝐿𝐺𝑎𝑁) correspond to the barrier and well layers. 

The polarization charge density at the heterointerfaces is given as follows [24]: 𝑃𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁𝑠𝑝 = −0.09𝑥 − 0.034(1 − 𝑥) + 0.021𝑥(1 − 𝑥)                                  (21) 𝑃𝐴𝑙𝑁𝑝𝑧 = −1.808𝜀 − 7.888𝜀2                                                                                (22) 𝑃𝐺𝑎𝑁𝑝𝑧 = −0.918𝜀 + 9.541𝜀2                                                                               (23) 𝑃𝐺𝑎𝑁𝑠𝑝 = −0.029  

The basal strain (𝜀) is exhibited as a function of the lattice constant of the substrate (𝑎𝑠) 

and the epilayer (𝑎𝑒): 𝜀(𝑇, 𝑥) = 𝑎𝑠(𝑇)−𝑎𝑒(𝑇,𝑥)𝑎𝑒(𝑇,𝑥)                                                                                          (24) 

The temperature dependencies of the lattice constants are expressed as: 𝑎𝑒(𝑇, 𝑥)  = 𝑎0(𝑥)[1 + 𝛽(𝑇 − 300)]                                                                 (25) 𝑎𝑠(𝑇) = 0.32[1 + 𝛽(𝑇 − 300)]                                                                         (26) 

where 𝛽 is the coefficient of thermal expansion. 

The equilibrium lattice constant (𝑎0) with respect to the aluminum fraction is given as 

follows [25]: 𝑎0(𝑥) = 0.31986 − 0.00891 𝑥                                                                          (27) 

The piezoelectric polarization of 𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁 is expressed by Vergard’s law as  𝑃𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁𝑝𝑧 = 𝑥𝑃𝐴𝑙𝑁𝑝𝑧 + (1 − 𝑥)𝑃𝐺𝑎𝑁𝑝𝑧
                                                                     (28) 

The sum of polarization at the heterointerface is evaluated as: 𝜎𝑠 = |𝑃𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁𝑠𝑝 +𝑃𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁𝑝𝑧 −𝑃𝐺𝑎𝑁𝑠𝑝 |                                                                   (29) 

The exchange-correlation potential is expressed as [26]: 
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𝑉𝑒𝑥(𝑇) = −0.916 𝑒26𝜋𝜀0𝜀𝑟(𝑇) [3𝑛(𝑇)4𝜋 ]1/3
                                                                  (30) 

The conduction band offset energy (∆𝐸𝑔) of the AlGaN/GaN heterointerface is expressed 

as: ∆𝐸𝑔(𝑇, 𝑥) = 0.75[𝐸𝑔(top) − 𝐸𝑔(bottom)]                                                        (31) 

where  𝐸𝑔(top) and 𝐸𝑔(bottom) are the band gaps of the top/bottom layers sides of the 

heterointerface. The band gap of 𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁 as a function of both the temperature and the 

Aluminum fraction is expressed by means of Varshni’s law: 𝐸𝑔𝐴𝑙𝑥𝐺𝑎1−𝑥𝑁(𝑇, 𝑥) = 𝑥𝐸𝑔𝐴𝑙𝑁(𝑇) + (1 − 𝑥)𝐸𝑔𝐺𝑎𝑁(𝑇) − 0.6𝑥(1 − 𝑥)                    (32) 

The temperature dependencies of the band gap energy of the AlN and GaN are given by 

[27]. 𝐸𝑔𝐴𝑙𝑁(𝑇) = 𝐸𝑔𝐴𝑙𝑁(𝑇 = 0𝐾) − 1.18 10−3𝑇2𝑇+1462                                                              (33) 

and 𝐸𝑔𝐺𝑎𝑁(𝑇) = 𝐸𝑔𝐺𝑎𝑁(𝑇 = 0𝐾) − 0.909 10−3𝑇2𝑇+800                                                           (34) 

TABLE 2.The recapitulated parameters used for GaN and AlN [21] [28].  

Parameters GaN AlN 𝐸𝑃Γ(eV) 14.0 14.5 𝐸𝑔𝛤(0𝐾)(𝑒𝑉) 3.42 6.23 ∆𝑠0(𝑒𝑉) 0.014 0.019 𝛽(10−6𝐾−1) 5.59 4.2 

 

3. Results and discussion  

To illustrate this approach, the electrical characteristic of the AlGaN/ GaN HEMT 

heterostructure on G-face configuration is considered. Figure 1 illustrates a cross-section 

illustration of the AlGaN/GaN HEMT with a depth of 20 nm in the AlGaN quantum barrier 

and a depth of 30 nm in the GaN quantum well. The doping concentration in the upper AlGaN 

layer and the lower GaN layer are, respectively, 𝑁𝐴 = 2x1017cm−3 and  𝑁𝐷 = 2x1018cm−3. 

The Aluminum fraction 𝑥 was set to 20-30%. The phase lag of the heat flux is 𝜏𝑞 = 8.5 𝑝𝑠 

and the phase lag of the temperature gradient is 𝜏𝑇 = 90 𝑝𝑠. The bias voltage is estimated by 
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voltage sweeps across the device in the range of 0 𝑒𝑉 to 1.2 𝑒𝑉. In fact, the comportment of 

the electronic and thermal quantities as a function of the Aluminum fraction (x=0.2, 0.25 and 

0.3) is investigated. 

 

 

 

 

 

Figure 1. Cross-section illustration of the AlGaN/GaN HEMT on G-face configuration. 

Figure 1 also shows the spontaneous polarization (Psp) and piezoelectric polarization (Ppz) 

vectors and the charges in G-face configuration. Herein illustration, the AlGaN/GaN 

heterointerface is then under compressive surface stress because the lattice constants of the GaN sheet are lesser than those of the AlGaN sheet. Therefore, a positive density charge and 

an electric field within an AlGaN/GaN heterointerface are obtained. This density is 

remunerated by the occupancy of the two-dimensional electron gas density (2DEG). 

 

 

Figure 2. The conduction-band edge potential (∆𝐸𝑐) vs. the depth z with three values of 

Aluminum fraction (x=0.2, 0.25 and 0.3). 

 

Substrate 

+ + + + + + + + 

- - - - - - - - - - - - 𝝈+ 

2DEG 

Psp Ppz 

Psp 

-   -   -   -   -   -   -  

-   -   -  -   -   -   -  

+  +  +  +  +  +  

AlGaN 

GaN 

[0001] 



9 

 

In Figure 2, the conduction-band edge potential (∆𝐸𝑐) for different values of Aluminum 

fraction (x=0.2, 0.25 and 0.3) is offered. It is noticeable that the ∆𝐸𝑐 has at a triangular shape 

within the AlGaN/GaN heterointerface. It is also shown that the curve becomes deeper with 

the higher Aluminum fraction. This is chiefly attributable to the internal quantum-confined 

Stark effect which increases with the increases of Aluminum fraction [26]. Additionally, the 

disagreement in piezoelectric and spontaneous polarizations between the AlGaN and the GaN 

layers induced the formation of a 2DEG density in the heterointerface. Furthermore, Figure 2 

shows that the conduction-band offset ∆𝐸𝑔 is enlarged relatively to the Aluminum fraction. 

Within the cases considered in this study and at 𝑡 = 100 𝑝𝑠, the conduction-band offset of the 

AlGaN/GaN HEMT enlarged from 0.34eV to 0.52eV when x increased from x=0.2 to x=0.3.  

 

 

Figure 3. The density of electron vs. the depth z with three values of Aluminum fraction 

(x=0.2, 0.25 and 0.3). 

 

Figure 3 presents the density of electron as a function of the depth z with diverse values of 

Aluminum fraction and at 𝑡 = 100 𝑝𝑠. It is shown that the entire distribution reached a 

maximum in the surrounding area of the heterointerface and deflated once moved away. The 

GaN thin sheet is further occupied by the electron with the increase of the Aluminum fraction. 

Therefore, the maximum of the electron density (nmax) rose with the growth of Aluminum 

fraction from 7.26×1018 to 12.72×1018cm-3 respectively with x=0.2 and x=0.3. Accordingly, 

an increase in the two-dimensional-electron gaz density (n2DEG) from 1.12×1014 to 1.19×1012 

cm-2 respectively with x=0.2 and x=0.3.  
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Figure 4. The electrostatic field vs. the depth z with three values of Aluminum fraction 

(x=0.2, 0.25 and 0.3). 

Figure 4 shows the electrostatic field as a function of the depth z with several values of 

Aluminum fraction and at 𝑡 = 100 𝑝𝑠. It is shown that the electric field is significant in the 

surrounding area of the heterointerfaces. Additionally, it intensified whith the growth of 

Aluminum fraction. This phenomenon is interpreted by the distended energy band diagrams 

presented in Fig. 2. The value of the maximum electrostatic field in the AlxGa1-xN/GaN 

heterointerface shows an increase from 6.51 107 V/cm at x=0.2 to 9.89 107 V/cm at x=0.3.  

 

Figure 5. The temperature distribution vs. the depth z with three values of Aluminum fraction 

(x=0.2, 0.25 and 0.3). 

 

Figure 5 displays the temperature distribution versus the depth z for several values of 

Aluminum fraction. It is shown that the temperature grew remarkably with the growth of 
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Aluminum fraction from x=0.2 to x=0.3. For an each value of the Aluminum fraction, the 

temperature distribution reached a peak in the vicinity of the AlGaN/GaN heterointerface and 

deflated when one moves away. This is mainly caused by the higher polarization impact and 

the higher density of electron occupations in the triangular shape. Therefore, the maximum 

temperature, at 𝑡 = 100 𝑝𝑠, increased by 34% (from 382.2 K to 512.8 K, respectively). Based 

on the thermal dissipation efficiency 𝜂 ( = (𝑇𝑑 – 𝑇0) 𝑇0⁄ ), where 𝑇𝑑 and 𝑇0 is the highest 

temperature in the AlGaN/GaN HEMT heterostructure with and without a thermal dissipation, 

respectively. It follows that when the aluminum fraction remained relatively high the 

efficiency of the thermal dissipation displayed a sharp growth. Thus, for example, the 

efficiency soared by 150 % (from 28 % to 72 %) at 𝑡 =  100𝑝𝑠 when the Aluminum fraction 

was changed from 0.2 to 0.3.  

 

 

Figure 6. Temperature variation vs. the depth z at a range of times (t=100, 150 and 200ps). 

 

Figure 6 presents the temperature variation as a function of the depth z for Aluminum 

fraction x=0.2 at various times (t=100, 150 and 200ps). It is revealed that temperature 

variation increased remarkably along with the time from t=100ps to t=200ps. Therefore, the 

maximum temperature increases by 12% from 100, to 200ps. The similar trend of temperature 

increase versus the times was revealed in AlGaN/GaN HEMT-based heterostructure in [29-

31]. However, the thermal source due principally to the Joule dissipation result in addition 

seeing that phonon wall collisions. In addition, the increase of the Aluminum fraction shows 

an increase of the polarization charge and therefore the amplification of the electrostatic field. 
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Given that the thermal source generation depends on the electrostatic field, the temperature 

variation grew along with the Aluminum fraction.  

 

 

Figure 7. The thermal source variation vs. the depth z with three values of Aluminum fraction 

(x=0.2, 0.25 and 0.3). 

 

Figure 7 shows the thermal source generation versus the depth z for several values of 

Aluminum fraction and at 𝑡 = 100 𝑝𝑠. At the heterointerface of AlGaN/GaN, the thermal 

generation process reached a highest peak. This is caused by the occupancy of the electron 

density and the highs electrical field. This confirms the suggestion of the consequence of the 

subband occupation of the two-dimensional electron gas at the AlGaN/GaN heterointerface. 

The calculated value of the thermal source generation in the AlGaN/GaN heterointerface 

shows an increase from 0.66×1014W/cm3 at x=0.2 to 1.38×1014W/cm3 at x=0.3.  
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Figure 8. The thermal flux variation vs. the depth z with three values of Aluminum fraction 

(x=0.2, 0.25 and 0.3). 

 

Figure 8 displays the variation of thermal flux versus the depth z for several values of 

Aluminum fraction and at 𝑡 = 100 𝑝𝑠. It is shown that the thermal flux enhanced versus the 

Aluminum fraction. Nevertheless, the increase in the triangular quantum shape is caused by 

the enhancement of the thermal conductivity of GaN as compared to that of AlGaN. The 

thermal flux in such case has a peak at the AlGaN/GaN heterointerface. It is clear that, when 

the Aluminum fraction x grew from 0.2 to 0.3, the peak value of the thermal flux grew from 

9.66×1010W/m2 to 20.5×1010W/m2 respectively.  

 

4. Conclusion 

The AlGaN/GaN HEMTs could advance high power-efficient nano-electronic devices. 

That's why it deserves crucial to expand a model to truthfully explain the thermal transfer 

impacts in nano-electronics devices, which considerably have an effect on the performance of 

the electrical characteristics. The present model coupled with the Schrödinger-Poisson and the 

dual phase lag thermal transfer equations has been evaluated to simulate the AlGaN/GaN 

HEMTs. The spontaneous and piezoelectric polarization field effect together conduction band 

offset effect between the AlGaN/GaN heterointerface leads to the formation of the 2DEG 

density. Moreover, it is shown that the 2DEG density increases with the increase of the 

Aluminum fraction. In addition, the simulated result of the thermalization process was found 

to be in good agreement with literature. In view of that, the temperature, the thermal source 

generation and the thermal flux grow at the heterointerface with the growth of the Aluminum 
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fraction. The result was found to be useful in assessing thermal transfer in the AlGaN/GaN 

HEMTs nano-devices to improve their performance.  
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Figures

Figure 1

Cross-section illustration of the AlGaN/GaN HEMT on G-face con�guration.

Figure 2

The conduction-band edge potential (AEc ) vs. the depth z with three values of Aluminum fraction (x=0.2,
0.25 and 0.3).



Figure 3

The density of electron vs. the depth z with three values of Aluminum fraction (x=0.2, 0.25 and 0.3).

Figure 4

The electrostatic �eld vs. the depth z with three values of Aluminum fraction (x=0.2, 0.25 and 0.3).



Figure 5

The temperature distribution vs. the depth z with three values of Aluminum fraction (x=0.2, 0.25 and 0.3).

Figure 6

Temperature variation vs. the depth z at a range of times (t=100, 150 and 200ps).



Figure 7

The thermal source variation vs. the depth z with three values of Aluminum fraction (x=0.2, 0.25 and 0.3).

Figure 8

The thermal �ux variation vs. the depth z with three values of Aluminum fraction (x=0.2, 0.25 and 0.3).


