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Recently, the search for materials suitable for more UV and power devices in the wurtzite I1I-nitride system
has inspired a number of studies of boron-containing llI-nitrides including BAIN and BGaR6-35).
Alloying llI-nitrides with boron can reduce their lattice parameters giving a new option for strain engineering
and lattice matchinf36]. In addition, the incorporation of boron could lead to more alloys with larger bandgaps
than that of GaN, adding more options for device engineering.

The refractive index s critical for the design and simulation of optoelectronic devices inthe UV range. It has
been experimentally shown that a small incorporation of boron into GaN and AIN can causecesitcihange
in the refractive index of materidig5s, 26]. Recently, the full range of compositions of BGaN alloys has been
investigated by Said alusing the local density approximation of density functional thEzly Additionally,
Yamashitet alhave studied wurtzite 8l,_,N with low boron compositionéx 0.5 also using the local
density approximatiof37. However, itis well known that such local functionals could severely underestimate
the bandgaps, redshift absorption spectra, miss excitonic features in dielectric function, and have atendency to
overestimate the static dielectric function as Rai@have showfi3g]. This this anissue because the refractive
index is an electronic-band-structure dependent property and most models assume an inverse correlation of the
index with bandgafsee supporting informatignin comparison, the use of hybrid functionals gives much
more reliable results. This led both Saidland Yamashitat alto employ arigid shift of the conduction band to
compensate for the limitations of the local density approximation.

In this work, we performed computations of the lattice parameters and the refractive indices#ithg\B
and BGa,_,Nalloys0 x 1). Theindex calculation ofthe &a,_,Nalloyg0 x 1)was carriedoutto
compare with the reports of the extensively studig@al_«N alloys for validating the calculation methodology
[39,40Q. Hybrid density functional theory was employed for an accurate calculation of the optical properties.
Furthermore, the refractive indices of the three ternary alloys and the lattice constants were employed to identify
lattice-matched material pairs with a large index difference for DBR applications.

2. Computational details

The calculations were carried out using the Vieb@itioSimulation Packadé1, 47. Before calculating the
indices, the wurtzite structures of the alloys were optimized using the general gradient approX®&@#ien
PBEsdlof the exchange-correlation potenfiaf. The energy cutoff was setto 520 eV for the plane-wave basis
set. The structure optimization was performed on primitive cells for the binary materials, i.e. BN, AIN, and GaN;
and on 16-atom supercells for the ternagfCA 4N alloys(A = B,Al;C= Al,Ga;0 x 1)with
chalchopyrite-lik¢CH) and luzonite-likgLZ) structures for x= 0.5,and 0.25and 0.75, respectiy2#. In
addition, the calculation was performed fgB,_,N and B.Ga_N alloys with x= 0.125, representing the
alloys with lower boron compaositions, closer to experimental wagks0, 31, 35, 36]. For these two alloys, we
utilized the same LZ structure asx0.25, but with the replacement of one boron atom with an aluminum ora
gallium atom. All structures were relaxed until HelllmBiaynman forces reached less than 0.02 éVhe -
centered k-mesh was settx66 x 6 for the structural optimizations. Figutshows the calculated lattice
parameters of the f6a,_,N, B/Al;_,N and BGa,_,Nalloy§0 x 1), wheretheresults of binaries and
ternaries show good agreement with reported experimental and theoretical dis¢agetigs

To calculate the optical properties, the hybrid functional of Heyd, Scuseria, and Erfe&Bdfi o) was
employed using the optimized lattice structures assuming the light polarization is perpendiculesgtdshe
Similar to the structure optimization, 520 eV was utilized as the energy cutoff for the plane-wave basis set.
centered k-meshesof8 8 x 8and 6x 6 x 6were adopted for the binaries and ternaries, respectively. The
number of bands was converged for optical properties, and 96 bands were used for all cells. The same paramete
were used for the AlGaN, BAIN, and BGaN alloys.

3. Results and discussion

The refractive and absorption indices of AlGaN alloys, showguires2(a) and(b), have a monotonic trend
where both the index and its slope increase as the Ga content is in¢fdésddcreas@drigures(c) and(d)
compare our results with experimental results measured at room temperature, showing similar trends and
degrees of dispersi¢siope of refractive index versus engfg9, 40). Our model underestimates the refractive
index by a small percentage between 0 and 6.5% depending on composition, which is a smaller error than found
by other method§46,47]. Additionally, this error may be related to the temperature dependence of the
refractive index which is not accounted for in our model as density functional theory does not account for
temperature by defaisg, 49.

The calculated values for boron alloys are reportedime3. Both absorption and refractive indices are
calculated using the complex dielectric func{isumpporting informatiofas described in the following
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Figure 1 Calculated lattice parameterandcof different wurtzite AC;_yN alloyA = B, Al;C= Al,Ga;0 x 1)comparedto
those of the binary wurtzite materials frg#¥] (marked by the dashed red lines
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Figure 2.The calculate) refractive indices an) absorption indices of the Xba 4N alloys(c) and(d) Comparison of the
refractive index of AGa,_,N obtained in this study and reported by Mwhal[4(] and Takeuchét a[[39 through experimental
works:(c) Static refractive index at 0 eV af refractive index at 3.1 eV right below the GaN bandgap.

Figure 3 Refractive and absorption indices of tgaB_,N (a) and(b) and BGa,_«N (c) and(d) alloys as a function of photon
energy. The dashed linegi) show the curves for different absorption percentages when light goes through 4t (supporting
information). The magenta stars (o) show the refractive indices of BN as measured by Setalfar comparisorj51].
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