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The Research Progress on The High Thermal Conductivity
Semiconductor Cubic Boron Arsenide
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Abstract : Based on first—principles calculations, cubic boron arsenide (c¢—BAs) is predicted to possess
an ultrahigh thermal conductivity (1400W/m *“ K) , second only to diamond, making it an excellent candi-
date for efficient heat management. The discovery of ¢c—BAs has had a significant impact on thermal dissi-
pation applications in electronic devices, making it a current research hotspot. In recent years, high—
quality single crystals of BAs have been successfully synthesized using chemical vapor transport ( Chemi-
cal vapor transmission, CVT) method, providing an experimental foundation for investigating its proper-
ties. BAs crystals have demonstrated outstanding thermal conductivity and bipolar transport characteristics
in experiments, making them the best—known semiconductor material in terms of performance and holding
potential for the next generation of semiconductors. This article provides an overview of the research pro-

gress in growth methods, theoretical calculations, and physical properties of BAs single crystals. Further-
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more, we discusses the current technological challenges and prospects for the development of BAs crys-

tals.

Key words : Cubic boron arsenide, High thermal conductivity, Crystalline, Semiconductor, First—princi-

ples,Physical properties
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Fig.7 (a) Anomalous thermal conductivity of BAs under high
pressurecompared to literature studies. Summary of thermal con-
ductivities ofnon—metal crystals as a function of hydrostatic pres-
sure (CsCl, CsBr, NaCl,Nal, quartz, mica, ice, MgSiO,, di-
amond, MgO, BN, GaAs). Resultsfrom existing literature indi-
cate a ubiquitous increase in lattice thermalconductivity under a
single phase, whereas BAs is an exception; (b) Experimentally
measured phonon dispersion from inelasticX — ray scattering
(IXS; circles) and Raman spectroscopy ( triangles) overlaid
onthe ab initio calculations (lines) under hydrostatic pressures
of ambient, 18 GPaand 32 GPa. 3ph and 4ph indicate three—
phonon and four—phonon processes, respectively; (¢) Phonon
scattering physics: schematic examples for three —phonon scat-
tering ( combination process) and four—phonon scattering( redis-

tribution process ) **’
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Fig 8 (a) Calculated K, ,vs T for ¢c=BN (orange), BP ( pur-
ple), BAs (red), BSb (green), and diamond (black) by the
three—phonon approach. Also shown are measured k values for
diamond (open black squares:35i s trianglesis] , circles'* | and
crosses'™ ) and BP (open purple circles'*” and squares™ ) |
as well as for common high k materials (solid black circles) ;
GaN (230W/m * K) , aluminum ( Al, 240W/m * K) , alumi-
num nitride ( AIN, 285W/m * K), Cu (400W/m * K), and
silicon carbide (SiC, 490W/m * K ); (b) Phonon frequency

vs. scaled wave vector in BAs (black) and Si (red) ™
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Fig.9 (a) Calculated k values of BAs, Si, and diamond for nat-
urally occurring isotope concentrations, considering only the
three—phonon approach ( dashed lines) and both three— and four
—phonon scattering (solid lines) . Also shown are measured data
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Fig.10 (a) The direct optical absorption spectra of BAs in the
standard model calculations with HSE functional; (b) The full
optical absorption spectra of BAs with the phonon-assisted indi-
rect absorption process in the low—energy region (logarithmics-
cale). It is observed that the absorption onset transfer from the

local direct bandgap to theglobal indirect bandgap'™”
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Fig.11Thermal properties of BAs. (a) The temperature de-
pendent X —ray diffraction ( XRD) measurement for (311)
peaks with temperatures from 298 K to 773 K; (b) the meas-
ured lattice constant of BAs as a function of temperature. The
red line represents the second order polynomial fitting; (c¢) the
linear thermal expansion coefficient (,) of BAs with tempera-
ture dependence; and (d) the specific heat (Cv) of BAs from
5 to 600 K. Symbols indicate experimental data, and the red

line represents the DFT calculations' '’
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