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Abstract 

YAlN is a new member of the group-III nitride family with potential for applications in next 

generation piezoelectric and light emitting devices. In this work we report the infrared dielectric 

functions and optical phonons of wurtzite (0001) YxAl1-xN epitaxial films with 0 ≤ x ≤ 0.22.  

The films are grown by magnetron sputtering epitaxy on c-plane Al2O3 and their phonon 

properties are investigated using infrared spectroscopic ellipsometry and Raman scattering 

spectroscopy. The infrared-active E1(TO) and LO, and the Raman active E2 phonons are found 

to exhibit one-mode behaviour, which is discussed in the framework of the MREI model. The 

compositional dependencies of the E1(TO), E2 and LO phonon frequencies, the high-frequency 

limit of the dielectric constant, 𝜀∞, the static dielectric constant, 𝜀0, and the Born effective 

charge ZB are established and discussed.   

 

1. Introduction 

Mixed group-IIIA, group-IIIB nitride alloys attract increasing interest due to their unique 

optoelectronic and piezoelectric properties. A recent theoretical study [1] has shown that 

alloying ScN with GaN and AlN leads to tunable band gap and polarization in ScAlN and 

ScGaN alloys, as well as ferroelectricity in Sc0.625Ga0.375N. This indicates possible applications 

of ScAlN and ScGaN alloys in UV and green light-emitting devices, high electron mobility 

transistors, and ferroelectric and piezoelectric devices. Tuning the optical, electronic and 

piezoelectric properties of group-III nitride alloys can also be achieved by alloying AlN with 
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YN [2 - 4]. YN crystallizes in the rock salt structure and is a promising transition nitride material 

for thermoelectric and thermionic applications. First principle studies have confirmed the 

semiconductor character of YN [5], however, the YN band gap is largely debated and 

theoretical values of 0.2 eV [6], 0.49 eV [7], 0.54 eV [8], 0.85 eV [9] and 0.97 eV [10] have 

been reported. Bibliographic records regarding alloying YN with group-IIIA nitrides are very 

scarce and mostly experimental studies on YxIn1-xN (0 ≤ x ≤ 0.094) [7] thin epitaxial films and 

theoretical calculations on (Sc,Y)0.5(Al,Ga,In)0.5N [2], YxAlyGa1-x-yN [11] and AlxYyB1-x-yN 

[12] alloys can be found. Orita et al. [13] reported the use of YAlN as protective film for 

improving long-time reliability in semiconductor light-emitting devices. Recently, we have 

demonstrated the successful synthesis of thin YxAl1-xN films on sapphire and Si substrates by 

reactive magnetron sputtering epitaxy (MSE) [4] and determined the band gap of YxAl1-xN (0 

≤ x ≤ 0.22) thin films by spectroscopic ellipsometry [14].  

 

Phonons and dielectric constants are fundamental material parameters and their knowledge is 

required for device design and optimization. However, no information on the infrared dielectric 

function (DF) and phonon modes of YxAl1-xN exist. In this work, we use infrared spectroscopic 

ellipsometry (SE) and Raman scattering spectroscopy (RS) to determine the infrared dielectric 

functions, optical phonons, the high-frequency limit of the dielectric constant, the static 

dielectric constant and the Born effective charge ZB of YxAl1-xN, with x from 0 to 0.22.  

 

2. Experimental details and data analysis 

Wurtzite c-plane YxAl1-xN films (x = 0, 0.02, 0.04, 0.10, 0.13, 0.18 and 0.22) with nominal 

thicknesses of 300 nm were grown at a temperature of 700°C on c-plane Al2O3(0001) substrates 

by reactive DC magnetron sputtering epitaxy in Ar/N2 mixture. In order to prevent film 

oxidation, the YxAl1-xN were capped with a very thin (nominal thickness of 5 nm) AlN layer. 

More details about the growth and structural properties of the YxAl1-xN can be found elsewhere 

[4]. The composition and crystal orientation were determined by time of flight energy elastic 

recoil detection analysis (ToF-E ERDA) and X-ray Diffraction (XRD) using monochromatic 

Cu Kα1 radiation, respectively [4]. The surface roughness, measured on a similar set of 

samples, grown on Si (100) substrate, was found to vary between 1 and 5 nm [14]. 

 

Spectroscopic ellipsometry (SE) was performed using an infrared variable angle of incidence 

spectroscopic ellipsometer (IR-VASE, J.A. Woollam Co., Inc.). Data were collected at room 

temperature, in the spectral region from 400 to 1400 cm-1 with a spectral resolution of 2 cm-1, 
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and at 60° and 70° angles of incidence. Raman scattering (RS) spectra in the range of 300 to 

900 cm-1 were measured with a resolution of 1 cm-1 in back-scattering geometry with the film 

c-axis oriented parallel to the laser beam. The 532 nm laser line with a power of 1 mW was 

used for excitation.  

 

SE determines the complex reflectance ratio ρ defined in terms of the standard ellipsometric 

parameters 𝛹 and ∆ as [15]:  

                                      𝜌 =
𝑟𝑝

𝑟𝑠
= (tanΨ)𝑒𝑖∆ ,                                                     (1)                                                            

where rp and rs are the reflection coefficients for light polarized parallel (p) and perpendicular 

(s) to the sample’s plane of incidence, respectively. For the samples studied here, the optical 

axes of the material constituents are oriented parallel to the surface normal. Therefore, no mode 

conversion of light p-polarized light to s-polarized light and vice versa occurs and standard 

ellipsometry can be applied [15, 16]. 

 

The IRSE spectra of all samples were analyzed by using a 3-layer model: sapphire substrate 

/YxAl1-xN film/AlN cap layer. The sapphire DF has been previously determined [17], and was 

used in our work without any changes.  

The DF of group-III nitrides can be parameterized by [18]: 

                                             𝜀𝑗(𝜔) = 𝜀∞,𝑗

ωLO,𝑗
2 −ω2−iωγLO,𝑗

ωTO,𝑗
2 −ω2−iωγTO,𝑗

 ,                            (2) 

where 𝑗 = " ∥ " (𝑗 = " ⊥ ") for light polarization parallel (perpendicular) to the c-axis, with 

ωTO,┴ ≡  ωE1(TO), ωTO,║ ≡ ωA1(TO), ωLO,┴ ≡  ωE1(LO), ωLO,║ ≡ ωA1(LO) being the respective TO and 

LO lattice mode frequencies, and γLO,⊥, γLO,∥, γTO,⊥, γTO,∥ the respective phonon broadening 

parameters. ε∞,⊥and ε∞,∥ are the high-frequency limit dielectric constants for the two respective 

polarizations.  

Due to the relatively small film thickness, the IRSE data do not have enough sensitivity to 

distinguish between E1(LO) and A1(LO) phonons. Therefore, the following parameters are 

treated isotropically: ωE1(LO) = ωA1(LO), 𝛾 = γLO = γTO where  γLO = γLO,⊥ = γLO,∥, γTO =

γTO,⊥ = γTO,∥, and ε∞,⊥ = ε∞,∥ = ε∞. Due to the c-plane orientation of the YAlN layers, the 

ellipsometry data are not sensitive to the TO mode frequency with polarization vector parallel 

to the sample normal [16,19]. Consequently, the A1(TO) phonon mode frequency of 611 cm-1 

[20] was taken as fixed parameter in the IRSE analysis of all YxAl1-xN samples. We have 
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carefully checked that such assumption does not affect the best-match results of the phonon 

parameters and dielectric constants.  

The AlN DF as determined for the yttrium-free film was used for the parameterization of the 

DF of the AlN cap layer in the data analysis for all samples. The cap layer thickness was kept 

fixed to the nominal value of 5 nm. The frequency and broadening parameters of the LO and 

E1(TO) phonon frequencies, as well as ε∞, and the YxAl1-xN layer thickness, were varied 

simultaneously in order to match model calculated data as closely as possible to the 

experimental data.   

 

3. Results and discussion 

The XRD results show that all YxAl1-xN films, have wurtzite crystal structure with their c-axis 

[0001] being parallel to the growth direction. Pole figure measurements (not shown here) reveal 

the epitaxial nature of the films with unique azimuthal orientation of the (0002) crystallites up 

to x=0.22. Figure 1 (a) shows normalized XRD 2θ-ω scans in the vicinity of the YxAl1-xN 

(0002) diffraction peak for all the films. The (0002) peak shifts towards lower angles from 36° 

to 34.4° and broadens as yttrium content increases. The peak shift is related to the increase of 

the c-lattice parameter as shown in Fig. 1(b). The ionic radius of Y is larger than Al, which can 

explain the observed increase in the lattice parameter with increasing Y content. Our result [Fig. 

1(b)] is also in excellent agreement with the theoretical predictions of the lattice parameters of 

wurtzite YxAl1-xN solid solutions in this composition range [4]. The observed broadening of the 

(0002) peak with increasing yttrium content is related to a decrease of the vertical coherence 

length. The later may be associated with increased defect densities and alloy disorder. In 

addition, for x ≥ 0.10 a second low-intensity peak appears at about 2θ ≈ 37°, which can be 

assigned to diffraction from wurtzite YxAl1-xN (10-11) crystallographic planes. Another low-

intensity peak appears at lower 2θ angles below 32°, which we assign to diffraction from 

wurtzite YxAl1-xN (10-10) crystallographic planes. 

  

Figure 2 shows the experimental and best-match model IRSE 𝜓 [Fig. 2 (a)] and Δ [Fig. 2 (b)] 

spectra of the YxAl1-xN films and the sapphire substrate at incidence angle of 70°. An excellent 

agreement between experimental (dash dotted lines) and model calculated data (solid lines) is 

seen, which confirms that the model used in this study gives a good fit quality for the YxAl1-xN 

films. Fig. 3 depicts the imaginary part of the dielectric function Im(ε)  [Fig. 3 (a)] and the 

imaginary part of the dielectric loss functions Im(−1/ε)  [Fig. 3 (b)] obtained from the model 

line shape analysis. The frequencies of the TO modes [indicated by arrows in Fig. 3 (a)] 
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correspond to the poles of the dielectric function ε, and the ones of the LO modes [indicated by 

arrows in Fig. 3 (b)] correspond to the poles of the dielectric loss function (1/ε). Table I 

summarizes the best-match model parameters of YxAl1-xN ε∞, LO and E1(TO) phonon 

frequencies and broadening parameters obtained from the IRSE data analysis. 

The IRSE data analysis renders one-mode behaviour for the IR active phonons of  YxAl1-xN in 

the studied yttrium content range (0 ≤ x ≤ 0.22), i.e. one TO-LO phonon pair is sufficient to 

describe the YxAl1-xN IR dielectric function (eq. 2). The optical phonon mode behaviour in a 

ternary AxB1-xC is conventionally categorized into two main classes referred to as one- and two- 

mode behaviour. In the case of one-phonon mode behaviour, the alloy only exhibits one set of 

TO and LO frequencies, which change continuously and usually nearly linearly with 

composition from the respective frequencies of the binary AC compound to those of the BC 

compound. On the other hand, the two-phonon mode behaviour is described by two 

energetically well-separated sets of phonon mode pairs. The first set of phonon pair occurs at 

frequencies close to those of the binary compound AC, while the second phonon pair occurs at 

frequencies close to the respective phonons of the binary compound BC. The compositional 

dependences in this case are more complex.  

In order to predict whether an alloy AxB1-xC will show one- or two-mode behaviour, the 

modified random element isodisplacement (MREI) model was proposed by Chang and Mitra 

[21,22]. According to the MREI model, for an alloy to exhibit two-mode behaviour, the 

following relationship must be fulfilled: 𝑀𝐴(𝐵) < 𝜇𝐵𝐶(𝐴𝐶) , where  
1

𝜇𝐵𝐶
=

1

𝑀𝐵
+

1

𝑀𝐶
 , with M 

being the atomic mass and µ -the reduced mass. In contrast, if 𝑀𝐴(𝐵) > 𝜇𝐵𝐶(𝐴𝐶), the alloy should 

show one-mode behaviour. The MREI model predicts one-mode behaviour for YxAl1-xN alloy, 

since the atomic mass of yttrium (𝑀𝑌) is larger than the reduced mass of AlN (𝑀𝑌,𝐴𝑙 > 𝜇𝐴𝑙𝑁,𝑌𝑁, 

where 
1

𝜇𝐴𝑙𝑁
=

1

𝑀𝐴𝑙
+

1

𝑀𝑁
 and 

1

𝜇𝑌𝑁
=

1

𝑀𝑌
+

1

𝑀𝑁
), which is in accordance with our IRSE results. 

Similarly, in other group-III nitride alloys such as InxGa1-xN [23] and ScxAl1-xN [24] (where the 

atomic mass of indium/scandium is larger than the reduced mass of GaN/AlN), one-phonon 

mode behaviour was experimentally demonstrated over the entire composition range of InxGa1-

xN, and for x ≤ 0.16 for ScxAl1-xN. 

 

The arrows in Fig. 2 indicate the positions of the YxAl1-xN LO and E1(TO) phonon frequencies, 

which mark the YAlN band of total reflection. For the AlN film, the E1(TO) and LO phonon 

frequencies are 666 and 887 cm-1, respectively. These values agree well with previously 

published data for the respective phonon frequencies in high-quality single crystalline wurtzite 
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AlN films with rocking curve widths as low as 12 arcsec [25] and bulk AlN [26]. It is seen from 

Fig. 2 that the low-frequency edge of the YAlN band of total reflection becomes less steep with 

increasing the yttrium content. This is a result of the significant increase of the E1(TO) phonon 

broadening parameter and the phonon red-shift as seen in Fig. 3 (a) (see also Table I). Likewise, 

an increased broadening could also be seen for the LO phonon [Fig. 3 (b)]. The observed 

increase of the phonon broadening can be associated with an increase of defect densities and 

alloy disorder as inferred from XRD.  

Figure 4 shows the Raman spectra of the YxAl1-xN layers in the range 300 - 900 cm-1. The 

allowed YAlN E2 mode (see the inset) and a number of sapphire peaks (indicated with asterisks) 

can be well resolved. The E2 phonon frequency of 655.2 cm-1 for the AlN film is in good 

agreement with the previously reported results for high-quality AlN single crystals [27]. For 

the films with yttrium content above x=0.10, the E2 peak becomes too weak and broadens 

significantly, which does not allow precise determination of its frequency. Table I also includes 

the E2 phonon frequencies, and the corresponding broadening parameters, obtained from the 

Raman scattering measurements. Similar to the LO and E1(TO) modes, a one-mode behaviour 

is also observed for the Raman active E2 mode. 

  

The phonon mode frequencies obtained from the IRSE and RS are plotted as a function of the 

yttrium content in Fig. 5. A linear decrease of the phonon frequencies with increasing yttrium 

content is found. The LO, E1(TO) and E2 phonon frequency dependencies are determined to be:  

LO: ωLO (x) = 898 cm-1 - 251x cm-1, and 

E1(TO): ωE1(TO) (x) = 665 cm-1 - 367x cm-1 for 0 ≤ x ≤ 0.18, and 

E2: ωE2 (x) = 654 cm-1 - 260x cm-1 for 0 ≤ x ≤ 0.10. 

The observed phonon softening with increasing yttrium content is attributed to an increase in 

the metal ion mass and an increase of the dynamic effective charge as discussed below.  

 

The YxAl1-xN film with the highest yttrium content of x=0.22 shows blue-shifts of the LO and 

E1(TO) phonon frequencies with respect to the corresponding values in YxAl1-xN film with x ≤ 

0.18. These blue-shifts might be due to a lower yttrium content than the one provided from 

ERDA, which gives an average value over all crystallites. In fact, as can be seen from Fig. 1 

(a), the (0002) peak position corresponding to the film with x=0.22 is slightly higher than the 

one corresponding to the respective peak of the film with x=0.18. This is also reflected in a 

smaller c-lattice parameter [Fig. 1 (b)] for the film with x=0.22 compared to the film with 
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x=0.18. On the other hand, the additional peaks associated with diffraction from the (10-11) 

and (10-10) crystallographic planes are red-shifted for the film with x=0.22 with respect to the 

ones for the film with x=0.18. This can be associated with different lattice parameters of the 

crystallites with different crystallographic orientations. Since the lattice parameters are directly 

related to composition and strain, a spread in composition or/and strain may be inferred for the 

YxAl1-xN film with the highest yttrium content. Such composition/strain effects might explain 

the observed slight blue-shift of the phonon mode frequencies with increasing yttrium content. 

In principle, short-order effects, such as defect states or clustering, may also affect the complex 

DF and optical phonons, respectively. Note that the linear dependences of both lattice 

parameters (this work) and band gap energies [14] with x strongly suggest that the YxAl1-xN 

films behave as a solid solution for the compositional range studied. These trends are also 

consistent with the results from first principle calculations for random YxAl1-xN alloys with 

wurtzite structure [4] suggesting that short-range effects are not likely to play a major role. 

  

AlN has a wurtzite crystal structure, while YN on the other hand has a rocksalt crystal structure, 

and a transition between wurtzite and rocksalt structures is expected to occur for YxAl1-xN with  

x ~  0.75 according to recent ab initio  calculations [4]. It is important to note that all YxAl1-xN 

films studied here have wurtzite structure. To the best of our knowledge, no experimental data 

have been reported for the YN phonon frequencies. Saha et al. [10] reported 165 cm-1 and 500 

cm-1 for the TO and LO phonons respectively by using density functional theory (DFT) in the 

generalized gradient approximation GGA+U and GW approximations. Very recently, Yurdasan 

et al. [28] reported 362 cm-1 and 549 cm-1 for TO and LO phonons, respectively, by using DFT 

plane-wave pseudopotential calculations. These YN theoretical phonon frequencies are 

included in Figure 5 for illustration. The observed decrease of the experimental phonon 

frequencies with increasing yttrium content is expected in view of the YN phonon frequencies 

(see Fig. 5). 

 

Figure 6 shows the high-frequency limit dielectric constant ε∞ obtained from the IRSE analysis 

as well as the static dielectric constant ε0 obtained from the Lyddane-Sachs-Teller relation: 

ε0 = ε∞(
ωLO

ωTO
)2

 (Table I), as function of yttrium content x. The ε∞ value of 3.78, for the film 

with x=0, is in good agreement with the reported data for high-quality wurtzite AlN [25]. It is 

seen from Fig. 6 that ε∞ and ε0 show an overall linear increase with increasing yttrium content, 

with 
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ε∞(𝑥) = 3.7 + 5.5x and 

ε0(𝑥) = 6.9 + 11.4x.  

The observed trend in ε∞ is consistent with the value of 13.1 predicted for YN ε∞ [10]. The 

increase in  with increasing Y content can be qualitatively understood as a result of the 

decrease of the YxAl1-xN band gap from 6.2 eV for x = 0 down to 4.5 eV for x = 0.22 [4, 14]. 

Consequently, an enhanced intermixing of valence and conduction band states, causing stronger 

electronic polarization takes place with increasing Y. Similar effect has also been recently 

observed for ScAlN [24]. We note that the variation of  with x in YxAl1-xN is considerably 

steeper compared to the respective trend in ScAlN [24]. This indicates that similar variations 

of dielectric constant and refractive index can be reached by lower alloying contents of Y as 

compared to ScAlN. 

We also calculated the Born effective charge ZB in YxAl1-xN: 

                                4𝜋2(𝜔𝐿𝑂
2 − 𝜔𝐸1(𝑇𝑂)

2 ) =
2𝑍𝐵

2𝑒2

𝜀0
∗ 𝜀∞𝑉0

(
1

𝑀𝑚𝑒𝑡𝑎𝑙
+

1

𝑀𝑁
)                                         (3) 

where e is the elementary charge, 𝜀0
∗ is the vacuum permittivity, V0 is the unit cell volume, ε∞ 

is the high-frequency limit of the dielectric constant, M𝑚𝑒𝑡𝑎𝑙 and M𝑁 are the atomic ion masses 

such as M𝑚𝑒𝑡𝑎𝑙 = (1 − 𝑥)M𝐴𝑙 + 𝑥M𝑌. The V0 is calculated from the measured c-lattice 

parameters [Fig. 1 (b)] and the estimated a-lattice parameters obtained from our previously 

reported (c/a)calc ratio [4]. The ωLO and ωE1(TO) are the LO and E1(TO) phonon frequencies 

obtained from the IRSE analysis. The results are presented in Fig. 6 and Table 1. 

The Born effective charge provides a quantitative measure of the ionic character of the metal-

N bond. ZB = 2.3 is calculated for AlN (Fig. 6) which is somehow lower than the previously 

reported values of 2.47 - 2.53 from experiments and calculations [24, 29]. A ZB value lower 

than 3 for AlN is consistent with the partly covalent character of the bonding in AlN [25]. 

Alloying with Y leads to a linear increase of ZB: 

Z𝐵(𝑥) = 2.30 + 3.27x. 

This increase is attributed to a stronger ionic bonding character in YN compared to AlN and it 

is consistent with the theoretical predictions for the Born effective charge in YN of 4.50 and 

4.77 [30]. A linear extrapolation of the data in Fig. 6 renders Z𝐵  = 5.58 for YN which is higher 

than the values predicted by theory [30]. Internal strain due to the large disparity of atomic sizes 

of Y and Al could provide a possible explanation for the observed differences. However, further 

effects such as different compositional dependencies for wurtzite and rock-salt YxAl1-xN may 

also play an important role. Additional uncertainties in the YxAl1-xN Born effective charge 

values may stem from the fact that Eq.3 is strictly valid for random alloys. In this respect, we 
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note the excellent agreement of the composition dependencies of the lattice parameters (Fig. 

1b) with the theoretical predictions for random YxAl1-xN alloys with wurtzite structure [4]. The 

linear dependence of the band gap energies of our films [14] also indicates that YxAl1-xN 

behaves as a solid solution for the compositional range studied.  However, more experimental 

and theoretical works are called for to further elucidate the short-range effects in the YxAl1-xN 

alloy system. 

 

4. Conclusions 

We have determined the infrared dielectric function and phonon mode parameters of wurtzite 

c-plane YxAl1-xN (0 ≤ x ≤ 0.22) films grown by magnetron sputtering epitaxy on Al2O3(0001) 

substrates. The E1(TO), E2 and LO phonon modes are found to exhibit one-mode behaviour for 

the compositional range studied in good agreement with the MREI model predictions. All 

phonon modes exhibit red-shifts with increasing x described by:  ωLO (x) = 898 cm-1 - 251x 

cm-1, ωE1(TO) (x)= 665 cm-1 - 367x cm-1 for 0 ≤ x ≤ 0.18, and ωE2 (x)= 654 cm-1 - 260x cm-1 

for x ≤ 0.10. The phonon softening with increasing yttrium content is attributed to an increase 

in the metal ion mass and an increase of the dynamic effective charge. At high yttrium content 

x = 0.22, a deviation from the linear compositional trend is observed and attributed to strain and 

compositional variations in crystallites with different orientations. The high-frequency limit of 

the dielectric constant  𝜀∞ and the static dielectric constant 𝜀0, are determined and are found to 

increase with increasing yttrium content with ε∞(𝑥) = 3.7 + 5.5x and ε0(𝑥) = 6.9 + 11.4x. 

The Born effective charge ZB is calculated and found to increase with increasing yttrium content 

ZB (x) = 2.30 + 3.27•x. This is attributed to an increase of the metal-N bond and internal strain. 

These results can be used in future works on the design, modeling and fabrication of 

piezoelectric and optoelectronic devices based on YAlN and related alloys. 
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Table I: YxAl1-xN films best-match layer thickness and IRSE DF parameters: ε∞, ε0, ZB, ωLO, 

ωE1(TO) and γ for the YxAl1-xN/sapphire. ωE2 and γE2 obtained from Raman scattering 

measurements are also included. Error bars in parenthesis correspond to the 90% confidence 

limits.  

 

x 

YxAl1-xN 

Thickness 
(nm) 

𝛆∞ 𝛆𝟎 ZB 
ωLO 

(cm-1) 

ωE1(TO) 

(cm-1) 

γ 

(cm-1) 

ωE2 

(cm-1) 

γE2 

(cm-1) 

0 260 (2) 3.78 (0.01) 6.70 2.25 886.9 (0.6) 666.0 (0.1) 15.6 (0.2) 655.2 (0.2) 9.1 (0.2) 

0.02 269 (2) 3.84 (0.02) 7.04 2.38 899.7 (0.6) 664.2 (0.2) 59.7 (0.3) 649.3 (0.5) 20.0 (0.8) 

0.04 311 (2) 4.04 (0.01) 7.57 2.48 894.1 (0.5) 653.1 (0.2) 47.6 (0.2) 642.2 (0.5) 22.8 (0.5) 

0.10 245 (2) 4.24 (0.02) 8.11 2.61 873.2 (0.7) 631.0 (0.5) 108.3 (0.8) 629.0 (0.5) 95 (37) 

0.13 293 (1) 4.50 (0.01) 9.11 2.80 862.4 (0.6) 605.8 (0.5) 90.9 (0.8) -- -- 

0.18 236 (3) 4.56 (0.03) 8.69 2.86 852.7 (0.8) 617.4 (0.9) 121.2 (1.3) -- -- 

0.22 219 (4) 5.14 (0.05) 9.28 3.01 870.0 (1.1) 647.3 (1.1) 138.5 (1.7) -- -- 

 

Figure Captions 
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Fig. 1: Normalized XRD 2θ-ω scans of YxAl1-xN with 0 ≤ x ≤ 0.22 [Fig. 1(a)] and c-lattice 

parameter as a function of yttrium content [Fig. 1(b)], the error bars are smaller than the symbol 

size and could not be plotted. 
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Fig. 2: Experimental (dash dots) and best-match calculated (solid lines) IRSE ψ [Fig. 2(a)] and 

Δ [Fig. 2(b)] spectra of the YxAl1-xN films on sapphire substrate at incidence angle Φ = 70°. 

Arrows indicate the positions of the YxAl1-xN E1(TO) and LO phonon modes. 
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Fig. 3: Imaginary part of the dielectric function Im(ε)  (a) and the imaginary part of the 

dielectric loss functions Im(−1/ε)  (b) obtained from the model line shape analysis. 
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Fig. 4: Raman scattering spectra for the YxAl1-xN layers 0 ≤ x ≤ 0.10, the asterisks indicate the 

sapphire vibrational modes, inset: E2 (high) vibration mode.  
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Fig. 5: YxAl1-xN optical phonon frequencies obtained from the IRSE data analysis (LO and 

E1(TO)) and Raman scattering measurements (E2), as function of yttrium content x. 
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Fig. 6: High-frequency limit dielectric constant ε∞ obtained from the IRSE analysis, static 

dielectric constant 𝜀0 calculated from Lyddane-Sachs-Teller relation, and calculated Born 

effective charge ZB, as function of yttrium content x for YxAl1-xN. 
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