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Phonon-limited carrier mobilities B UCLouvain
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@ lattice (phonon) scattering
@ ionized impurity scattering
@ alloy scattering

@ defects scattering
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Berryology @ lvo Souza B UCLouvain

Using Ivo's notation from Tuesday:
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In system with TR symmetry: fk Qurfo=0
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Linearized Boltzmann transport equation B UCLouvain
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Drift mobility: ,uiﬂ =

iterative_bte = .true.
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Linearized Boltzmann transport equation B UCLouvain

Drift mobility
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Linearized Boltzmann transport equation B UCLouvain
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— We need the out-of-equilibrium carrier population

F. Macheda and N. Bonini, Phys. Rev. B 98, 201201R (2018)
SP et al., Rep. Prog. Phys. 83, 036501 (2020)
SP et al., Phys. Rev. Research 3, 043022 (2021)
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Linearized Boltzmann transport equation B UCLouvain

bfieldz = 1.0d-10
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F. Macheda and N. Bonini, Phys. Rev. B 98, 201201R (2018)
SP et al., Rep. Prog. Phys. 83, 036501 (2020)
SP et al., Phys. Rev. Research 3, 043022 (2021)
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Electron-phonon Wannier (EPW) B UCLouvain

EPW relies on MLWF to interpolate electron-phonon matrix elements.

{ O P

®
Cn(x,l{’ﬁ (q)
Imn.v (K, q) Real space
MLWF MLWF
Coarse k/q mesh Dense k/q mesh

SP et al., Comput. Phys. Commun. 209, 116 (2016)
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|
Electron-phonon Wannier (EPW)

' UCLouvain

EPW relies on MLWF to interpolate electron-phonon matrix elements.

gmnu(kv q) - grﬁm/(kv q)

Imnv (k7 q)

MLWF

—>

Coarse k/q mesh

Real space

9o (K, @) + 95, (k. q)

MLWF

—>

Dense k/q mesh

SP et al., Comput. Phys. Commun. 209, 116 (2016)
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Dynamical quadrupoles: Si B UCLouvain

gmnl/(kv q) :gim/(k ) + grﬁnmj(k q)
I (6,@) =070, (k, @) + g% (k. @) + gm, (k, ) +

lpolar = .true.

If quadrupole.fmt file is present in the directory
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C. Verdi and F. Giustino, Phys. Rev. Lett. 119, 176401 (2015)
G. Brunin et al., Phys. Rev. Lett. 125, 136601 (2020)
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Dynamical quadrupoles: Si W UCLouvain
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G. Brunin et al., PRL 125, 136601 (2020)
L r X UK r V. A. Jhalani et al., PRL 125, 136602 (2020)
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How to converge transport calculations -+ tip FUCLouvain

@ Treat electron and hole separately
@ Choose the smallest fsthick window as possible
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How to converge transport calculations -+ tip FUCLouvain

Choose a small enough B-field (bfieldz = 1.0d-10) for Hall factor
vme = ’dipole’ should be more stable than vme = ’wannier’
Use degaussw = 0.0 for adaptive broadening

Use the same k-point and g-point coarse grid (more efficient)
Converge coarse k/q grids.
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How to converge transport calculations + tip [UCLouvain

e Converge fine k/q grids and Hall factor (extrapolate).
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Results B UCLouvain

Some results of drift and Hall mobility on 10 simple bulk semiconductors

Do we reproduce experimental mobility ?
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The Hall factor is not 1 ! I UCLouvain
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Experimental comparison
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Experimental comparison W UCLouvain
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Experimental comparison W UCLouvain
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Spectral decomposition: dominant scattering W UCLouvain

— electron
— hole
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Spectral decomposition: dominant scattering W UCLouvain

— electron . . .
— hole Acoustic scattering dominates
Diamond i GaP
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Conclusions B UCLouvain

@ General framework for drift and Hall mobility based on the BTE
@ Quantified the role of various approximations

e Local velocity approximation

Neglect of quadrupoles

e SOC for hole

e Self energy relaxation time approximation

@ Hall factor is temperature dependent and between 0.7 to 2.0 at RT
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More info B UCLouvain
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10 simple semiconductors

log |v| log [H| hole electron

log [D]

1og |g(0.R,)| log |g(R.,0)|

Diamond Si

B UCLouvain
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Temperature dependence mobility W UCLouvain

Diamond Silicon GaAs 3C-siC AP
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I @
Drude overestimates BTE mobility W UCLouvain
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Dominant scattering mode ¥ UCLouvain

Diamond Silicon GaAs 3C-siC AlP
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Strongest approximations B UCLouvain

* Local velocity approximation
* Neglect of quadrupoles

+ SOC for hole mobility O electron
« Self energy relaxation time approximation 0O hole
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