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Samples and Material Fundamental

MgO and ScN

Rocksalt structure (Fm3m)
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Models for the IR dielectric function

Single oscillator models

> sum form:
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> factorized form:
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s(a))—eoo+—z | 2200) = w2

The problem: general quantum form

2w(0))

+ 2w(0))|Aw(0j, w, T) —il'(0j, w, T)]

/ Self-energy: \

Real part Aw(0j, w, T)
}

Eigenfrequency renormalization

Assumptions:

v(w) = const. (sum form)

v(w = wy) = const. (factorized form)
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imaginary part I'(0j, w, T)
|

Generalized broadening function

|

['(0j,w,T) « probability of decay

propability of decay « nPDOS(Q)k = 0)




Phonon-density-of-states (PDOS)

TA(L) + LA(L) = 650 cm™'  TA(L) + LA(L) = 670 cm™!  EL(I) + EXT) ~ 900 cm™!

MgO ScN AIN
1 2 L 2 0.7 ................ \ 1 M M 2 L
| TA(L) . L@ {TAWL) - LA(L) | | A, (TO)D) P ER(D)|
—~0.8] TA(X) i LAX)| _""1TAX) TOoX) TOL) | _o.s) . -
Z l 2 0.5 ° / : 2 '
. . 0.4 . . . 0°6: EZ (F)
a) a) fa)
= = - f
« « G
o S e
- Q 0.2 A
A A a¥
0.1
0 +ri———r————r—— r—
0 200 400 600 800 400 600 800 0 200 400 600 800 1000
wave number (cm™1!) wave number (cm™!) wave number (cm™!)
Tahri et al., J. Phys.: Condens. Matter 24, 035401 (2012) Davydov et al., Phys. Rev. B 58, 12899 (1998)
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https://doi.org/10.1088/0953-8984/24/3/035401
https://doi.org/10.1103/PhysRevB.58.12899

Ellipsometric angles of MgO

One Lorentzian (sum form) Two Lorentzian (sum form)

50-.|....|....|....|....|....|.--.|....|....|....|....|....|.

T PP P S " B SN W ———
- :::7 Bt w—— . = :::7

“o0
Q L
\:_,20_5 Sto = 6.64 S, = 0.00657¢

10 4 —3 — 30°
] — = 50°

=)

=70 T T T

201 . | —modelfit

= 150 1 -
v ]
Z 100 &
4 ]

50 &

T —T ' —T ' T ' —T ' T ' —T T —T ' —T T —T ' T —T T
300 400 500 600 700 800 300 400 500 600 700 800

wave number (cm™1!)

J] OTTO VON GUERICKE
' UNIVERSITAT .
z“ MAGDEBURG Jona Griimbel



Dielectric function of MgO
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c(w) = €6 —

Dielectric function of MgO
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Dielectric loss function of MgO
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Ellipsometric angles of ScN

One Lorentzian (sum form) Two Lorentzian (sum form)
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Dielectric function and Raman spectrum of ScN
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Comparison of rocksalt materials
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NaCl: Eldridge and Palik, Handb. Opt. Const. Solids (1997)
NaF: Chang and Mitra, Phys. Rev. B 5, 4094 (1972)

NiO: Willett-Gies et al., J. Vac. Sci. Technol. A 33, 061202 (2015)
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Dielectric function of AIN
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n2(w) =

Dielectric function of AIN
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with y(w) = yro|1 + Ay€2,2ph(w)]
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Summary & Conclusions
= MgO/ScN: Characteristic two-phonon dips in the Reststrahlen spectrum =
| s o]
v" Modelled by two-oscillator sum form R
0.3 :]l.ﬂipld;\lta ()
= AIN: Weak two-phonon peaks in the dielectric function of AIN
v" Almost reasonably described by single-oscillator factorized

0.05 4

= |R-active two-phonon mode < anharmonic broadening
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» Preferred viewpoint: anharmonic broadening !
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