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M. Stengel - Institut de Ciència de Materials de Barcelona
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Phonon-limited carrier mobilities
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Drift Boltzmann transport equation (BTE)
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Linearized drift BTE
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Hall BTE
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Electron-phonon Wannier (EPW)

EPW relies on MLWF to interpolate electron-phonon matrix elements.
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SP et al., Comput. Phys. Commun. 209, 116 (2016)



Dynamical quadrupoles in el-ph
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Dynamical quadrupoles in D
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Silicon el-ph
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Deformation potential of c-BN
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SP et al., Phys. Rev. Research 3, 043022 (2021)



10 simple bulk semiconductors
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Hall factor

rHαβγ ≡
σHαβγ(σβα)−1

|Bγ |
=
µHαβγ(µβα)−1

|Bγ |
Isotropic approximation:

riso =
〈τ2〉
〈τ〉2

〈τn〉 ≡
∫∞
0 τn(xkBT )x3/2e−xdx∫∞

0 x3/2e−xdx
.

Here, x = ε/(kBT ) and

τ(ε) =
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∫
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ΩBZ
δ(ε− εnk)τnk
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F. Macheda et al., Nano Letters 20, 8861 (2020)



Hall factor
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SP et al., Phys. Rev. Research 3, 043022 (2021)



Temperature dependence mobility
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Spectral decomposition
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Mobility comparison with experiment
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2D materials - dynamical matrix
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Phonon frequency of MoS2 monolayer
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Deformation potential of MoS2 monolayer
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Mobility of MoS2 monolayer
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Conclusion

Efficient implementation of drift and Hall mobility in 3D and 2D
materials

Dynamical quadrupoles are important for accurate interpolation

Phonon-limited mobility overestimates experimental mobility

Open / Discussion

1D materials

Higher level of theory - spectral functions ... - systematic benchmark
needed

Effect of anharmonicity on carrier mobility

Transport with electron localization
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Electron-Phonon School 2022 - Austin (US)
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More info
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Quadrupole
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(G + q) · ε∞ · (G + q)
e−i(G+q)·τκ ,

where Q̃mnκ(k,G + q) is a third-rank effective quadrupole tensor defined
as:

Q̃mnκαβγ(k,G + q) =
1

2
Qκαβγ〈Ψmk+q|ei(q+G)·r|Ψnk〉

− eZ∗κα,β〈Ψmk+q|ei(q+G)·rV Hxc,Eγ (r)|Ψnk〉,

and Qκαβγ is the dynamic quadrupole tensor.

www.samuelponce.com Hall mobility December 6, 2021 1 / 2



Effects

-80%

-60%

-40%

-20%

0

+20%

+40%

+60%

+80%
Re

la
tiv

e 
ef

fe
ct

s

electron
hole

Si Si

GaAs
GaAs

GaAs

GaAsSiC

SiC

c-BN

c-BN
c-BN

c-BN

c-BNAlAs

AlSb

AlSb

SrO

=0.31 =0.30 =0.07 =0.19 =0.12 =0.05 =0.04 =0.05

-3.8 -6.2 -5.1 -8.2
-16.9

-6.3 -1.4 -2.0

loc v dipole quad-G no SOC SERTA lattice xc psp-1000

-500

0

+500

+1000

Ab
so

lu
te

 e
ffe

ct
s (

cm
2 /V

s)

C

C Si

GaAs

GaAs

SiC

3C-SiCc-BN

c-BN

c-BNAlSb

AlSb

-455

-144
-55 -43

-375

-37 -19  45

www.samuelponce.com Hall mobility December 6, 2021 2 / 2


	Appendix

