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Bloch wave
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Gross and Marx, Festk�orperphysik

periodic part unk

plane wave

Bloch wave



E�ective mass: mnemonic rule

a hairpin      is lighter than        a frying pan

smaller *m larger *m
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Electron vs. hole carriers
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Bands of di�erent type

may occur near the Fermi level

Phys. Rev. Lett. 105, 067002 (2010)

https://doi.org/10.1103/PhysRevLett.105.067002


E�ective mass: positive vs. negative
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Even single band may have hole and electron regions
Gross and Marx, Festk�orperphysik



Person
Marvin Cohen
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Marvin Cohen
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Marvin Cohen

(born 1935)

1953-1957: bachelor in Berkley,
not accepted for master program

1958-1963: master and PhD in Chicago
theory work based on electronic structure calculations
for real materials

1963-1964: very short postdoc at Bell Labs

since 1964: professor at Berkley

1960-70's: optical properties of semiconductors

since 1970's: high-pressure transformations of solids

1980's: superconductors

since 1990's: carbon allotropes, nanotubes
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Pseudopotentials
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Material
strontium titanate (SrTiO3)

Exp. Physics 5 � Solid State Physics, WS 23/24 How electrons move?



Superconducting semiconductor
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SrTiO3 is mundane wide-gap semiconductor (ρ = 109Ω·cm)

,

while SrTiO3−δ is metallic (ρ ∼ 10mΩ·cm), possibly superconducting
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Superconducting semiconductor
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Experimental technique
Hall e�ect
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Hall e�ect
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Ey = − Bz

nee
jx ⇒ RH =

Ey

Bz jx
= − 1

nee

(direct measure of charge-carrier concentration)

Gross and Marx, Festk�orperphysik



Hall magnetometry
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Image credit: Mitchell Instrument (fair use)

https://www.mitchellinstrument.com/


Hall sensor in cars
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Image credit: Fr�ed�eric MICHEL and Rudolf Stricker (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Car ignition system.svg
https://commons.wikimedia.org/wiki/File:Mercedes-Benz W105 front 20070611.jpg


Hall sensor in cars
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Image credit: Fr�ed�eric MICHEL and Vauxford (CC-BY-SA), Allegro Microsystems (fair use)

https://commons.wikimedia.org/wiki/File:Car ignition system.svg
https://commons.wikimedia.org/wiki/File:2018 Mercedes-Benz A200 AMG Line Premium Automatic 1.3 Front.jpg
https://www.allegromicro.com


Hall-e�ect thruster
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Image credit: Int. J. Aeronaut. Space Sci. 21, 1028 (2020)

and Starlink

http://doi.org/10.1007/s42405-020-00263-w
https://www.starlink.com/


Hall-e�ect thruster
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Image credit: Int. J. Aeronaut. Space Sci. 21, 1028 (2020) and Starlink

http://doi.org/10.1007/s42405-020-00263-w
https://www.starlink.com/


Hall e�ect in simple metals

electron

carriers

hole

carriers

N.B. RH values in the high-�eld limit; experimentally, RH depends on the magnetic �eld!
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N.W. Ashcroft, N.D. Mermin, Solid State Physics



Thermal Hall e�ect

Signature of non-trivial features in electronic/magnetic structure

occurs in metals, magnetic insulators...
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MRS Bulletin 45, 348 (2020)

https://doi.org/10.1557/mrs.2020.124


Spin Hall e�ect
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caused by spin-orbit coupling

common in �heavy� metals (Os, Pt)

Image credit: Eleanor Holmes (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:SpinHallEffect.png


Spin Hall e�ect
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caused by spin-orbit coupling

common in �heavy� metals (Os, Pt)

Image credit: Eleanor Holmes (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:SpinHallEffect.png


Hall vs. Nernst
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doped SrTiO3 at 4.2K
(ne = 5.5 · 1017 cm−3)

RH ≃ 1000 µV·m
T·A

same SrTiO3

ν = 40 µV
T·K

MRS Bulletin 45, 348 (2020) and Energy Environ. Sci. 11, 2813 (2018)

https://doi.org/10.1557/mrs.2020.124
https://doi.org/10.1039/C8EE02077A

