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Overview

Thin Film Series
IR pump
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* series of epitaxial bismuth films
with various thicknesses

* pump-probe setup

* excitation with IR pulse

* probing with white light pulse

distribution

Material System Bismuth

Ground State

E(z)

* Peierls distortion displaces
center atom in Bi unit cell

* symmetry also in reciprocal
space broken

-> band gap opens:

semimetal, not metallic

Aqq Coherent Phonons
E(2)

* displaced atoms start
oscillating: optical phonon

* Asg phonon mode

 frequency f

¢ amplitude Q

Asg phonon
mode
f

Carrier Distribution

* investigation of excited carrier

* exploit strong coupling
between e-ph for
measurement

Transient Dielectric Function

dielectric function
change Ae
8

more carriers are
excited near the
surface

equilibrium

carriers

redistribute when 16 transient
system probed
18 19 20 2.1
hw (eV)

* calculation of transient
dielectric function € from probe
reflectivity change AR/Ro

* disentanglement of carrier and
lattice contributions

Excited State
E(2)

* excited carriers shift energy
surface (ES) of atoms

* ES also softenes

* fast excitation — atoms still
in original position

excited
state

Higher Excited States

E(2)

* higher excitations shift and
soften ES further

* f(nc) and Q(n.) depend on
density of excited carriers n,

* n.depends on fluence F and
transport of carriers

higher excited
staf

Carrier Distribution and Transport

Time- and Spectral Resolved Reflectivity Change

averaged region
for traces
650 nm + 1.5 nm
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* frequency has strong dependency on thickness d
* slope of shift o inverse proportional to d
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* trend matches a homogenous distribution
* energy density in this distribution is calculated by
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Dielectric Function from Interference
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Analysis of Reflectivity Change
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* Apg and Ao are features in reflectivity change
* indirectly connected to e and ph excitation
« ignore decay and transport — cosine sufficient
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Model for Transient Diel

Quasi-Equilibrium Component
* shifted Lorentz oscillator model with scaled
amplitudes and widths
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 film thickness changes reflectivity of system

* refractive index stays the same in all films

¢ multiple known thicknesses allow calculation of
refractive index / dielectric function
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* interpolate: Fluence F — energy density p
* interpolated amplitues are not the same for all d
because of thin film interference, not dynamics
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Displacive Component
* phenomenological model based on derivative
* no connection to band shifts and ex. carriers
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