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Linearly Polarized Light

Ellipsometry
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Dielectric function model: Lorentz

Equation of motion: Applications:
d?x dx . o it o .
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Dielectric function model: Drude
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Experimental setup

galrl?p'le:l tlline Ni (100) = Cleaning (keeping at 770 K for 12 hours)
ulk single-crystalline Ni .
Measurement sequence = VASE measurements from 770 to 77 K

= VASE measurements from 77 to 770 K

= Cleaning in FTIR-VASE

Identical measurements with FTIR-VASE
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Anomaly in pseudo-condu

Anomaly occurs as the temperature rises.

Possible explanations:

= Magnetization
= Reversible
= Bulk crystal structure

X

= Grain growth X

= Surface overlayers

= Adsorbed overlayers

to be the best way of cleaning

Heating the sample at 770 K seems
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VASE windows: Quartz
FTIR windows: Diamond

= Windows change the
polarization state of light under
stress (retarder)

= Windows are calibrated by default
for only the calibration sample
SiO,/Si.

= \Windows should be calibrated for
the desired sample.
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Figure from Wikipedia, public domain
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Ni® = [Ar]3d°* 4s°°
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= Merging correction reduces the number of needed

oscillators.

= Two Drude terms to account for s- and d- electrons.

R. C. O'Handley, Modern Magnetic Materials: principles and applications, (Wiley, 2000)
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Dielectric function at various temperatures

Due to the large free carrier
absorption, temperature
dependence of the peaks are
not visible.
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Optical conductivity at various temperatures

iEOE
= There is a red shift in the main peak at 4.8 eV. a(E) = TR le(E) — 1]

= The small peak at 1.5 eV changes with
temperature.

= Drude broadening increases with temperature.
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DC conductivity
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Energy of the main peak
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Broadening of the main peak
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Small absorption peak

Ls,

» Amplitude of the main peak increases.

= Amplitude of the small peak decreases
and stays constant above T, = 627 K.

\
» The energy of the small peak stays
constant.
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Resistivity as a function of temperature
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Summary

Merging correction produces more realistic model with minimum oscillators.
FTIR ellipsometry measurements underestimate the conductivity.
Far IR measurements are required to model the Drude term of metals.

Bose-Einstein fit to the red shift of the main peak near 4.8 eV indicates scattering by
magnons.

Reduction of the broadening of the main peak is interpreted as a measure of the exchange
energy of the d-band at the L-point.

The small peak is assigned to L;; — L3 transitions with simultaneous descent of the bands
as the temperature rises.

Temperature dependence of the resistivity also indicates scattering by magnons.
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Outlook

» Temperature dependence of Ni thin films as a function of thickness.

= Research on NiPt and other alloys of Ni (tunable Curie temperature).

= Optical properties of single-crystalline Ni (111).

» Ellipsometry studies on Ni in a magnetic field.

= QOptical properties of other metals for comparison.

= Comprehensive dielectric tensor to describe both on- and off-diagonal elements.

= Anomalous skin effect (scattering length > penetration depth).

22
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Electronic configuration of Ni
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Linearly Polarized Light
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Depolarization

(a) Surface scattering (d) Thickness inhomogeneity
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(b) Incidence angle variation Thin film
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(c) Wavelength vanation
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Figure 4.30 Depolarization of incident light by (a) surface scattering, (b) incidence angle
variation, (c) wavelength variation, (d) thickness inhomogeneity, and (e) backside reflection.

H. Fujiwara, Spectroscopic ellipsometry: principles and applications (John Wiley & Sons, West Sussex, England, (2007). 30
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