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Samples and Material Fundamental
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wurtzite structure (P63mc)Rocksalt structure (Fmത3m)

One IR-active TO-phonon per 
dielectric tensor component

Isotropic

𝜀 =
𝜀 0 0
0 𝜀 0
0 0 𝜀

Uniaxial

𝜀 =

𝜀⊥ 0 0
0 𝜀⊥ 0
0 0 𝜀∥

MgO and ScN AlN

MgO (100)  
bulk

ScN(110)/
m-sapphire

m-AlN/
m-AlN

thickness 500 μm 22 μm 1.5 μm

Strain ≤ 𝟖 × 𝟏𝟎−𝟒

XRD FWHM ≤ 0.04°



Jona Grümbel

Models for the IR dielectric function
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Single oscillator models

 sum form:

𝜀 𝜔 = 𝜀∞ +
𝑆𝜔TO

2

𝜔TO
2 −𝜔2 − i𝛾TO𝜔

 factorized form:

𝜀 𝜔 = 𝜀∞
𝜔LO
2 −𝜔2 − 𝑖𝛾LO𝜔

𝜔TO
2 − 𝜔2 − i𝛾TO𝜔

𝜀2 𝜔 ≥ 0 Lowndes conditions:

𝜂 = −𝜀−1

#1
𝛾LO
𝛾TO

≥ 1 #2
𝛾TO

𝛾LO

𝜔LO
2

𝜔TO
2 ≥ 1
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The problem: general quantum form
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𝜀 𝜔 = 𝜀∞ +
4𝜋

ℏ
෍

𝟎𝑗

𝑀𝑗
2 2𝜔(𝟎𝑗)

𝜔2 𝟎𝑗 − 𝜔2 + 2𝜔(𝟎𝑗) Δ𝜔 𝟎𝑗, 𝜔, 𝑇 − iΓ(𝟎𝑗, 𝜔, 𝑇)

Self-energy:

Real part Δ𝜔(𝟎𝑗, 𝜔, 𝑇)

Eigenfrequency renormalization

imaginary part Γ(𝟎𝑗, 𝜔, 𝑇)

Generalized broadening function

Γ 0𝑗, 𝜔, 𝑇 ∝ probability of decay

propability of decay ∝ 𝑛PDOS(∑𝒌 = 0)Assumptions:

𝛾 𝜔 = const. (sum form)

𝛾 𝜔 ≈ 𝜔0 = const. (factorized form)
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Phonon-density-of-states (PDOS)
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MgO ScN AlN

Tahri et al., J. Phys.: Condens. Matter 24, 035401 (2012) Davydov et al., Phys. Rev. B 58, 12899 (1998)

TA 𝐿
TA(𝑋)

TA 𝐿
TA(𝑋)

LA 𝐿
LA(𝑋)

LA 𝐿
TO(𝐿)

E2
h Γ

E2
l Γ

A1(TO) Γ
TO(𝑋)

TA 𝐿 + LA 𝐿 ≃ 𝟔𝟓𝟎 𝐜𝐦−𝟏 TA 𝐿 + LA 𝐿 ≃ 𝟔𝟕𝟎 𝐜𝐦−𝟏 E2
l Γ + E2

h Γ ≃ 𝟗𝟎𝟎 𝐜𝐦−𝟏

https://doi.org/10.1088/0953-8984/24/3/035401
https://doi.org/10.1103/PhysRevB.58.12899
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Ellipsometric angles of MgO
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One Lorentzian (sum form) Two Lorentzian (sum form)

𝑆TO = 6.64 𝑆2 = 0.006𝑆TO
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Dielectric function of MgO
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𝜂 = −𝜀−1 (poles ⇔ zeros)𝜀 𝜔 = 𝜀∞ +
𝑆𝜔TO

2

𝜔TO
2 − 𝜔2 − i𝛾TO𝜔

TO pole LO pole

Two-phonon absorption
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Dielectric function of MgO
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𝜀 𝜔 = 𝜀∞ +෍

𝑗=1

2
𝑆𝑗𝜔0𝑗

2

𝜔0𝑗
2 −𝜔2 − i𝛾𝑗𝜔

𝜀 𝜔 = 𝜀∞
𝜔LO
2 −𝜔2 − 𝑖𝛾LO𝜔

𝜔TO
2 −𝜔2 − i𝛾TO𝜔

Lowndes #2: 0.65 ± 0.01
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Dielectric loss function of MgO
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γTO
(num)

= ℜ
1

i𝜔
𝜔TO
2 −𝜔2 −

𝑆TO𝜔TO
2

𝜀 − 𝜀∞

𝝎𝐋𝐎

𝜂2 𝜔 =
𝐴𝛾(𝜔)

4 𝜔 − 𝜔0
2 + 𝛾(𝜔)2

Maximum two-phonon DOS [TA(𝐿)+LA(𝐿)] 𝛾 𝜔 = 𝛾TO 1 + 𝐴𝛾𝜀2,2ph 𝜔
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Ellipsometric angles of ScN
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One Lorentzian (sum form) Two Lorentzian (sum form)

𝑆TO = 23.7 𝑆2 = 0.002𝑆TO
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Dielectric function and Raman spectrum of ScN
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𝜀 𝜔 = 𝜀∞ +෍

𝑗=1

2
𝑆𝑗𝜔0𝑗

2

𝜔0𝑗
2 −𝜔2 − i𝛾𝑗𝜔

+ Drude 𝐼𝑅 𝜔 ∝ 𝜂2(𝜔) =
𝐴𝛾(𝜔)

4 𝜔 − 𝜔0
2 + 𝛾(𝜔)2

Two-phonon absorption

Maximum two-phonon DOS [TA(𝐿)+LA(𝐿)]
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Comparison of rocksalt materials
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Normal incidence reflectivity: 𝑅0 =
𝜀−1

𝜀+1

2

NaF: Chang and Mitra, Phys. Rev. B 5, 4094 (1972)

NaCl: Eldridge and Palik, Handb. Opt. Const. Solids (1997)

NiO: Willett-Gies et al., J. Vac. Sci. Technol. A 33, 061202 (2015)

https://doi.org/10.1103/PhysRevB.5.4094
https://doi.org/10.1016/B978-012544415-6.50041-8
https://doi.org/10.1116/1.4927159
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Dielectric function of AlN
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ordinary component (𝜀⊥) extraordinary component (𝜀∥)

𝜀 𝜔 = 𝜀∞
𝜔LO
2 −𝜔2 − 𝑖𝛾LO𝜔

𝜔TO
2 −𝜔2 − i𝛾TO𝜔

Lowndes #2: 0.97 ± 0.01Lowndes #2: 2.20 ± 0.02
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Dielectric function of AlN
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𝜀⊥𝜀∥

Two-phonon absorption

extraordinary component (𝜂∥)

Maximum two-phonon DOS [E2
l (Γ)+E2

h(Γ)]

𝜂2 𝜔 =
𝐴𝛾(𝜔)

4 𝜔−𝜔0
2+𝛾(𝜔)2

with  𝛾 𝜔 = 𝛾TO 1 + 𝐴𝛾𝜀2,2ph 𝜔
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Summary & Conclusions
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 MgO/ScN: Characteristic two-phonon dips in the Reststrahlen spectrum

 Modelled by two-oscillator sum form

 AlN: Weak two-phonon peaks in the dielectric function of AlN

 Almost reasonably described by single-oscillator factorized

 IR-active two-phonon mode ⇔ anharmonic broadening

 Dielectric loss function modelled with anharmonic broadening

 Preferred viewpoint: anharmonic broadening




