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In Figure 1 the backscatter peak, the photopeak, the characteristic X-ray peak, and the contribution from the 
bremsstrahlung are labeled by ``BS'', ``Ph'', ``X'', and ``Brem'', respectively; the absorber escape peaks of 
the pseudo-Majorana chiral, semichiral, nonchiral fermions, which are created at the interaction between 
graphene and gamma-ray, are called as “Vch”, “Vsc”, and “Vnc”, respectively. The single Compton continuum 
and area of multiple Compton scattering are labeled by ``Single Compton'' and ``Multiple Compton'', 
respectively. 

Let us analyze MWCNT effects on the incoming 
137

Cs gamma-quanta beam. After placing the 
electromagnetic-radiation absorber with the bilayer of ordered MWCNT bundles decorated by the 
organometallic compound into the collimator, three additional peaks reveal themselves in the 

137
Cs-radiation 

spectrum of secondary electrons along with the photopeak, the single Compton continuum, the backscatter 
peak, the X-ray escape peak, and the bremsstrahlung. The spectra indicate narrowing of the 

137
Cs-radiation 

peaks. The shape of the single Compton continuum of 
137

Cs-radiation spectrum with maximum being 
approximately in 360th channel after placing of the MWCNT sample into the collimator. Maxima of the three 
new peaks are approximately in 260th, 460th and 535th channels. It testifies that in creating pairs of charge 
carriers in the graphene the gamma-quanta escape from the detector. Collisions between the radiation 
graphene defects and the photons from the bremsstrahlung process leads to decreasing of the peak 
``Brem''.  

Now we will utilize the experimental data to elucidate a pseudo-Majorana nature of the graphene charge 
carriers. To do it we offer a following mechanism of graphene radiation resistivity through creation of neutral 
vacancies V0 with knocked-on neutral carbon atoms C

0
 fixed on the graphene monolayer by radiation defects 

of a pseudo-Majorana type. The gamma-rays can escape from the detector crystal owing to a production of 
radiation-defect pairs in a form of topologically nontrivial defects of delocalized electron (hole) density in a 
one part of the graphene monolayer plane and topologically nontrivial defects of hole (delocalized electron) 
density in another graphene part. The pseudo-Majorana vortex-antivortex pairs are created at the Compton 
scattering of the gamma-rays on the MWCNT graphene planes. Accordingly, the radiation defects decrease 
the energy deposited in the detector and it results in the appearance of the additional peaks Vch, Vsc and Vnc 
in the response function RCsG (see Figure 1b). At colliding with C atoms the free pseudo-Majorana fermions 
are de-excited and confined by hexagonal symmetry near the Dirac touching valent and conductivity 
graphene bands. Meanwhile the graphene pseudo-Majorana band structure is degenerated and, 
accordingly, the vortex pairs transit from the flat area to conical one of the graphene band. It signifies that the 
branches of the vortex begin to move inconsistently. The vortex decay leads to an emergence of an electron-
hole avalanche.  

III. CONCLUSIONS 

So, scattering in MWCNTs the 661.7-keV gamma-rays create pairs of topologically nontrivial radiation 
defects and antidefects. These high-energy graphene pairs of scattering centers are pseudo-Majorana 
vortical and antivortical fermions. Annihilating and scattering on carbon electron density the pseudo-
Majorana quasiparticles avalanche-likely produce electron-hole configurations of graphene charge density. 
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I. INTRODUCTION 

Over the last decades, much attention has been focused on III-nitride semiconductors aluminum nitride 
(AlN), gallium nitride (GaN) and aluminum-gallium nitride (AlGaN) as promising materials for the application 
in high-power radio-frequency electronic and optoelectronic devices. Although the structural, electronic and 
optical properties have been extensively studied, relatively little work, both analytical and experimental, has 
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to date been reported on their thermal conductivity (κ). Meanwhile, this thermoelectric parameter a measure 
of the ability to conduct heat is important from both fundamental and applied aspects [1]. 

In this paper, we make a thorough analysis of the structural and phonon properties of wurtzite AlN, GaN and 
AlGaN in the framework of the ab initio (or “first-principles”) formalism [2] to determine the thermal 
conductivity at various temperatures (T). 

II. CALCULATION PROCEDURE 

The first-principles method combines an exact iterative solution of the phonon Boltzmann transport equation 
in the single-mode relaxation time approximation with accurate computations of the second-order (harmonic) 
and third-order (anharmonic) interatomic force constants. We perform the first-principles calculations using a 
plane-wave basis set within the framework of the density-functional theory as implemented in the Vienna Ab 
initio Simulation Package [3]. The Perdew-Burke-Ernzerhof parameterization is employed for the exchange-
correlation functional [4]. Projector-augmented wave potentials are used for Al, Ga and N atoms and the 
plane-wave cutoff energy is set to 520 eV. For the determination of the third- and second-order force 
constants, reciprocal spaces of the α-quartz supercells are sampled by the 3×3×3 mesh and at Γ point only, 
respectively. Non-self-consistent calculations are made along the lines between the high-symmetry points L-
Γ-X and M-K-Γ-A of the first Brillouin zone. 

III. RESULTS 

Figure 1 shows the temperature dependence of the thermal conductivity of defect-free wurtzite AlN and GaN. 
The thermal conductivity at 300 K of AlN (GaN) along the [100] and [001] crystal directions is calculated to 
be 3.96 (2.59) and 4.62 (3.36) W/(cm·K), yielding an anisotropy factor of 1.17 (1.30). As the temperature 
grows to 700 K, the κ values of 1.37 (1.08) and 1.58 (1.36) W/(cm·K) are obtained, leading to an anisotropy 
factor of 1.15 (1.26) a slight decrease relative to the figures observed at very low temperatures. In a range 
from 300 to 700 K, the κ curves for AlN [100] and AlN [001] have slopes of -1.28 and -1.29. The thermal 
conductivity of GaN [100] and GaN [001] falls off as T

-1.03
 and T

-1.07
, respectively. 

 

Figure 1. Thermal conductivity of wurtzite AlN and GaN as a function of temperature 

In Figure 2, the dependence of the thermal conductivity of defect-free wurtzite AlxGa1-xN on composition (x) 
at different temperatures is given. In semiconductor alloys fabricated from AlN and GaN, the resistive 
phonon-phonon scattering increases greatly resulting in κ values far lower than those of their end-point 
materials. At 300 K, Al0.42Ga0.58N [100] and Al0.48Ga0.52N [001] are characterized by the lowest thermal 
conductivity of 1.83 and 1.63 W/(cm·K), respectively. In a range from 300 to 700 K, the bowing parameter 
can be approximated by 3.649118·10

-3
T - 0.2210367 for AlxGa1-xN [100] and by 6.390055·10

-3
T - 0.5105837 

for AlxGa1-xN [001]. 

a  b  

Figure 2. Thermal conductivity of wurtzite AlxGa1-xN as a function of composition at various temperatures:  
a – [100]; b – [001] 
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IV. CONCLUSIONS 

We have made a careful analysis of the structural and phonon properties of wurtzite AlN, GaN and AlGaN in 
the framework of the ab initio formalism to determine their thermal conductivity at various temperatures. The 
mathematical models for κ that account for crystal direction, composition and temperature were presented. 
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I. INTRODUCTION 

Microelectromechanical Systems (MEMS) based capacitive micromachined ultrasonic transducer (CMUT) 
has many applications in medical imaging [1]. Ultrasonic transducer technology has been long dominated by 
piezoelectric transducers, particularly in the medical ultrasound imaging. The best popular materials used for 
fabricating CMUT membranes are silicon nitride (Si3N4), polysilicon, chromium and aluminum are 
characteristically used to shape electrodes on top of these membranes. But current technology of CMUT 
demands the silicon carbide (SiC) for membrane material where the electrode instead of being on top of the 
membrane is placed beneath the membrane. It offers greatest contiguity of the upper and subordinate 
electrodes. For this it decreases the transduction gap enlightening the electro-mechanical coupling and 
sensitivity of the device. Aside from this, it is reported that the CMUT has a resonance frequency of 1.7 MHz 
and a 3 dB-bandwidth of 0.15 MHz. Also, the higher Young’s modulus (260 GPa) of SiC with its little residual 
stress (± 30 MPa). Consequences in great strength and resilient CMUT membranes, which led to the studies 
presented in this paper. All the results are validated by FEM simulation. 

II. PROPOSED MODEL 

The SiC membranes based CMUT with a membrane radius of 55 µm consists of six layers. A single cell 
CMUT consists of a silicon carbide layer as the vibrating membrane and an electrode made of aluminum 
which acts as the top electrode, followed by a cavity which acts as an electrostatic transduction gap. A 
second electrode is formed using aluminum with more thickness to form the lowermost electrode. A layer of 
dielectric Si3N4 film as an insulator is introduced among the cavity and the lowermost electrode to prevent 
the two electrodes from shorting in case of contact. The bottom layer is silicon dioxide acting as a substrate 
on which all the above layers are formed. The materials used and their thicknesses taken for the structural 
modeling of the device is given in Table 1.  

Table 1. Materials used with thickness 

Material Used Thickness Layer  

Silicon Carbide (SiC) 2 µm Top membrane 

Aluminum (Al) 60 nm Top electrode 

Cavity (Air) 450 nm Electrostatic transduction gap 

Aluminum (Al) 300 nm Bottom electrode 

Silicon Nitride (Si3N4) 500 nm Dielectric film as an insulator 

Silicon Dioxide (SiO2) 2 µm Substrate 


