Tasks

(1) Read chapter 9:

(2) Solve exercise sheets

16t Lecture 13h00 — 15h00 Chapter 9: tight-binding

18th Lecture 10h00 — 12h00 Chapter 9: Quantum Oscillation

23t Lecture 13h00 — 15h00 Chapter 9: Quantum Oscillation (Hand-in exercise)
25t Lecture 10h00 — 12h00 Wrap-up

30th Exercise 13h00 — 15h00 (Hand-in exercise)

015t Lecture 10h00 -- 12h00 Exam focus



Course Content

|.  Crystal structures
Crystal structures

Il. Structures in reciprocal space and

IIl. Crystal bindings Lattice Vibrations

IV. Crystal vibrations

VI. Free electron gasses

VII. Electronic band structure Electronic properties

VIII. Semiconductors
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21.2 Introduction 2-3
2 23.2 Crystal structures 4 I
3 28.2 Crystal structures + Reciprocal space 6 Re pet It I o n Re q u e Sts
4 2.03 Exercise
5 7.03 Reciprocal space 7 .
6 9.03 Scattering theory 8-9 ReCIprocaI Space
7 14.03 Scattering theory 8-9 FO rm Fa Ctor
8 16.03 Exercise Stru Ctu re Fa CtOr
9 21.03 Crystal bindings 5-6
10 23.03 Phonons 7 .
11 28.03 Phonons 7 Optlcal phonons
12 11.04 Thermal properties 7
13 1304 Erercse Band structure
14 18.04 Electron gasses 6-7 Fe rmi S u rfa CES
15 20.04 Specific heat 6
16 25.04 Thermal conductivity 6
17 27.04 Exercise
18 02.05 Electronic band structure 7
19 04.05 Fermi surfaces 8-9
20 09.05 Magneto-transport 7
21 11.05 Exercise
22 16.05 Tight — binding 7
23 18.05 Semi-conductors 7
24 23.05 Semi-conductors 7

25 25.05 Exercise
26 30.05 Repetition 4
28 01.06 Repetition 4



Summary of the Course

- Reciprocal Space
- Diffraction

- Crystal Structures
- Crystal Bindings

Band structure
Fermi Surfaces
Electronic Material Classification

- Free Electron Gas -
- Electronic heat capacity -
- Electronic properties -
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- Phonons
- Heat Capacity

New Concepts
Reciprocal Space
Form Factor
Structure Factor
Phonons

Dispersion

Plancks Distribution
Fermi-Dirac Distribution
Density — of — States
Band structure
Fermi surfaces




Why Care?

- Crystal Structures - Reciprocal Space
- Crystal Bindings - Diffraction
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Learn More?

- Crystal Structures - Reciprocal Space
- Diffraction

- Crystal Bindings

The Zurich School of Crystallography 2019
Bring Your Own Crystals

University of Ziirich
June 16 - 27, 2019

Organized and directed by

Anthony Linden and Hans-Beat Blrgi



Why Care?

- Phonons - Free Electron Gas
- Heat Capacity - Electronic heat capacity
- Electronic properties
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Thermo-Electricity: Converting heat to electricity




Why Care?

I - Free Electron Gas - Band structure
- gyi; :;‘é‘;ﬁu;es - Electronic heat capacity - Fermi Surfaces
y 8 - Electronic properties - Electronic Material Classification
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Other Condensed Matter topics?

Magnetism

Superconductivity Charge order

Electron driven insulators Topology Phase transitions
T
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P, pressure
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Reciprocal Space
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Reciprocal Space

Intensity ..
' : Almost-Fouricer 0

transform
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https://www.youtube.com/watch?v=spUNpyF58BY
Nice Tutorial on Fourier Transforms




Reciprocal Space
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Reciprocal Space

E :
o Electromagnetic wave

W, E=E,exp(iwt)

Electromagnetic Radiation Spectrum Quantum (Photon) Energy (eV)
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Non-lonising Radiation I:>



Reciprocal Space
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Reciprocal Space

D S e Ly YTy
® 200 0WMHBD 0 ODAEBWROOO

PESSISS =S S =8 D s o e

0 Brillouin Zone K

»
Ll

Reciprocal
Space

[1/m]

hk has unit of momentum
Reciprocal space is a “momentum space”



Reciprocal Space

00

plane-wave = Amplitude x exp(iwt) x exp(ikx)



Particle Dispersion: Particle — wave Duality
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Lattice Vibrations - Phonons

Acoustical Mode
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