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Electronic lifetimes and phonon-limited mobility

Electron-phonon coupling dictates various phenomena : intrinsic mobility,
indirect light absorption, superconductivity,...
Electrons are scattered by phonons : mechanism dominating the electronic
lifetimes and the mobility at high temperature

[Yu & Cardona, Fundamentals of Semiconductors]
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Electronic lifetimes and phonon-limited mobility

Electron mobility in the relaxation-time approximation of the linearized Boltz-
mann transport formalism :

µe,–—(ÁF , T ) = ≠e

�ne

ÿ

nœCB

⁄
dk

�BZ
vnk,–vnk,—·nk(ÁF , T )ˆf (Ánk, ÁF , T )

ˆÁ

Electronic lifetimes due to the scattering by phonons :

1
·nk

= 2fi
~

ÿ

m,‹

⁄

BZ

dq
�

BZ

|gmn,‹(k, q)|2 ◊ [(n‹q + fmk+q)”(Ánk ≠ Ámk+q + Ê‹q)

+(n‹q + 1 ≠ fmk+q)”(Ánk ≠ Ámk+q ≠ Ê‹q)]

Perturbo

No need for Wannier functions or atomic orbitals !
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Lifetimes in Silicon : agreement between ABINIT and EPW

Lifetime = 1/linewidth
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Tetrahedron integration to replace Lorentzian broadening

Linewidth Ã ”(Ánk ≠ Ámk+q ± Ê‹q)
Linewidth around the CBM of Si for a 60 ◊ 60 ◊ 60 k-point grid (300K)

More scattering channels for Á ≠ ÁCBM > ÊLO ∆ larger linewidths
A Lorentzian broadening requires convergence studies
Tetrahedron method : no broadening parameter
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Convergence of the linewidths in Silicon

Linewidth Ã
s

BZ

dq
�

BZ

|gmn,‹(k, q)|2...
Linewidths on a 9 ◊ 9 ◊ 9 k-point grid, for increasing q-point grids
The Tetrahedron integration converges fast (like for a DOS !)
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Double-grid technique : 1 grid for matrix elements, 1 grid for energies

1
·nk

= 2fi
~

ÿ

m,‹

⁄

BZ

dq
�

BZ

|gmn,‹(k, q)|2 ◊ [(n‹q + fmk+q)”(Ánk ≠ Ámk+q + Ê‹q)

+(n‹q + 1 ≠ fmk+q)”(Ánk ≠ Ámk+q ≠ Ê‹q)]
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Double-grid technique : errors on the linewidths in Silicon

Linewidth Ã
s

BZ

dq
�

BZ

|gmn,‹(k, q)|2...
Linewidths on a 9 ◊ 9 ◊ 9 k-point grid
Blue : 9 ◊ 9 ◊ 9 q-point grid for matrix elements, increasing density for
the energy grid only
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Polar materials : divergence of the matrix elements

g

LR
mn,‹(k, q) = i

4fi
�

e

2

4fiÁ
0

ÿ

Ÿ

3
~

2NMŸÊ‹q

4
(1/2) ÿ

G ”=≠q

(q + G) · Zú
Ÿ · eŸ‹(q)

(q + G) · ÁŒ · (q + G)

◊ È�mk+q|e i(q+G)·r|�nkÍ

128 S. Poncé et al. / Computer Physics Communications 209 (2016) 116–133
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Fig. 15. (Color online) (a) Electronic bandstructure of w-GaN along high-symmetry
lines in the BZ. The red line highlights the band considered in the bottom panel.
(b) Phonon dispersion interpolated from a 6 ⇥ 6 ⇥ 6 � -centered q-point grid. The
red line is the optical mode considered in the bottom figure. The filled dots are
inelastic X-ray scattering data [145] and the filled triangles are Raman data [146].
(c) Calculated electron–phononmatrix elements at k = � for the highest band and
mode index, starting from 6 ⇥ 6 ⇥ 6 electron and phonon grids. A gauge-invariant
electron–phonon matrix element is obtained by averaging the square moduli over
degenerate states. The blue dashed line shows the standard interpolation, and the
red line shows the polar interpolation using Eq. (13). The two sets of data are
compared with direct DFPT calculations at each wavevector (filled dots).

symmetry directions of the BZ (filled dots) at k = � , m = n
being the highest valence band, and ⌫ the highest optical mode.
The selected band and mode are indicated in red in the top and
middle panels of Fig. 15. The square moduli of electron–phonon
matrix elements are averaged over degenerate bands and modes.
The dashed blue line shows the standard Wannier interpolation of
Ref. [46], and has to be comparedwith the red line that implements
the polar interpolation of Eq. (13) [60].

Fig. 15 clearly shows the importance of correctly treating
the long-range interaction in the Wannier interpolation when
studying polar semiconductors and insulators. This feature is
activated in EPW by using the lpolar input variable.

10.5. Superconductivity inMgB2

The last example presented here focuses on the superconduct-
ing properties of magnesium diboride (MgB2). This tutorial can be
found in the EPW/examples/mgb2 folder of EPW. An online ver-
sion is available at epw.org.uk. This tutorial is based on thework
of Ref. [59] and includes some additional results.

Fig. 16. (Color online) (a) Electronic bandstructure and (b) DOS of bulk MgB2; (c)
phonon bandstructure and (d) PDOS at the experimental lattice parameters.
Source: The inelastic X-ray scattering experimental data (black dots) at 300 K are
taken from Ref. [149].

Fig. 17. (Color online) Calculated isotropic Eliashberg spectral function ↵2F(!) of
MgB2 (blue solid line) and integrated electron–phonon coupling strength � (black
dashed line).

MgB2 is the prototypical multi-gap phonon-mediated super-
conductor, with a critical temperature of Tc = 39 K [150]. The
anisotropic gap arises from the � and ⇡ Fermi-surface sheets [10,
151–155]. This superconductor has beenwidely investigated theo-
retically [10,90,151,156–167] due to its high Tc. We re-investigate
here MgB2 using EPW to show that its fascinating properties can
now be computed easily and accurately.

The calculations were performed within DFT-LDA [63,68] using
the Quantum ESPRESSO [62] code. The valence electronic
wavefunctions were expanded in a plane-wave basis set using a
kinetic energy cutoff of 60 Ry and the charge density is integrated
on a � -centered 24 ⇥ 24 ⇥ 24 k-point mesh. The experimental
lattice parameters a = 5.826 and c/a = 1.142 bohr were
used throughout the calculations [150]. AMethfessel–Paxton first-
order smearing [122] of 0.02 Ry was applied. The first-order
potential perturbation and dynamical matrices were calculated
using DFPT [42,44,45] on an irreducible 6 ⇥ 6 ⇥ 6 � -centered q-
point mesh.

The electronic bandstructure is shown on the top panel of
Fig. 16. The associated phonon bandstructure at the bottom of
Fig. 16 slightly underestimates the inelastic X-ray scattering data
measured at 300 K [149].

The isotropic Eliashberg spectral function ↵2F(!) calculated
using Eq. (12), and the associated cumulative electron–phonon
coupling strength �(!), are shown in Fig. 17. The spectral
function shows a dominant peak around 60 meV, and a secondary
one around 86 meV. The cumulative electron–phonon coupling

[Poncé, CPC 209, 116-133 (2016)]
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Convergence of the linewidths in GaP

Linewidth Ã
s

BZ

dq
�

BZ

|gmn,‹(k, q)|2...
Linewidths on a 8 ◊ 8 ◊ 8 k-point grid, for increasing q-point grids
The Tetrahedron integration converges slower than in Silicon
This is due to the polar divergence of electron-phonon matrix elements
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Double-grid technique for polar materials : less e�cient...

Linewidth Ã
s

BZ

dq
�

BZ

|gmn,‹(k, q)|2...
Linewidths on a 8 ◊ 8 ◊ 8 k-point grid
Blue : 8 ◊ 8 ◊ 8 q-point grid for matrix elements, increasing density for
the energy grid only
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Double-grid technique for polar materials : special treatment

1
·nk

= 2fi
~

ÿ

m,‹

⁄

BZ

dq
�

BZ

| gmn,‹(k, q)¸ ˚˙ ˝
gLR

+gSR

|2 ◊ [(n‹q + fmk+q)”(Ánk ≠ Ámk+q + Ê‹q)

+(n‹q + 1 ≠ fmk+q)”(Ánk ≠ Ámk+q ≠ Ê‹q)]
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Double-grid technique for polar materials : faster convergence

Linewidth Ã
s

BZ

dq
�

BZ

|gmn,‹(k, q)|2...
Linewidths on a 8 ◊ 8 ◊ 8 k-point grid
Blue : 8 ◊ 8 ◊ 8 q-point grid for matrix elements, increasing density for
the energy grid only
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Double-grid technique for polar materials : faster convergence

Linewidth Ã
s

BZ

dq
�

BZ

|gmn,‹(k, q)|2...
Linewidths on a 8 ◊ 8 ◊ 8 k-point grid
Blue : 8 ◊ 8 ◊ 8 q-point grid for matrix elements, increasing density for
the energy and g

LR only
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Electronic lifetimes and phonon-limited mobility

Electron mobility in the relaxation-time approximation of the linearized Boltz-
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Transport properties : do we really need the lifetimes everywhere ?

The mobility contains a derivative of the Fermi-Dirac occupation function :
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Lifetimes in CB pockets : do we really need to sample all q-points ?

Transitions from k to k + q : momentum conservation
q-points are also limited by the energy conservation : Ánk ≠ Ámk+q = ±Ê‹q
Only a limited set of q-points contribute and need to be taken into
account !
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Mobility of electrons in Silicon with ABINIT

New implementation in ABINIT :
Selects the important k- and q-points
Computes the lifetimes and velocities for these points
Performs the integration to obtain the phonon-limited mobility
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Mobility of electrons in GaP with ABINIT
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First part : conclusion

We can compute lifetimes with ABINIT, without using Wannier functions
or atomic orbitals
Note : this was already possible in previous versions of ABINIT

Use of the Tetrahedron method :
correct behavior without having to deal with a broadening parameter

faster convergence w.r.t. q points

Double-grid technique :
the ” functions require denser grid than the gmn,‹(k, q)

the diverging part of the matrix elements can be computed on a denser grid

Phonon-limited mobility : we compute only what is necessary
·nk for few % of k points, gmn,‹(k, q) for few % of q points

Second part : by Henrique Miranda
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Electron-phonon	self-energy		
using	plane	waves	

gmn,⌫(k,q) = h mk+q|�⌫qV
KS | nki

<latexit sha1_base64="hatatm4PPLk1cRq5IG6IXHnlqhg="></latexit>

⌃nk(!, "F , T ) =
X

m,⌫

Z

BZ

dq

⌦BZ
|gmn,⌫(k,q)|2


n⌫q + fmk+q

! � "mk+q + !⌫q + i�
+

n⌫q + 1� fmk+q

! � "mk+q � !⌫q + i�

�

<latexit sha1_base64="OlVS14rD6XSQeP6qN/aQHqXm0U4="></latexit>
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Electron-phonon	self-energy		
using	plane	waves	

•  Interpolate	the	DFPT	poten;als	
–  Remove	and	add	the	long-range	part	(Fröhlich)	
–  Reduce	memory	for	poten;als:	boxcutmin,	single	precision,	
distribu;on	over	perturba;ons	and	q-points	

gmn,⌫(k,q) = h mk+q|�⌫qV
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<latexit sha1_base64="hatatm4PPLk1cRq5IG6IXHnlqhg="></latexit>

⌃nk(!, "F , T ) =
X

m,⌫

Z

BZ

dq

⌦BZ
|gmn,⌫(k,q)|2


n⌫q + fmk+q

! � "mk+q + !⌫q + i�
+

n⌫q + 1� fmk+q

! � "mk+q � !⌫q + i�

�

<latexit sha1_base64="OlVS14rD6XSQeP6qN/aQHqXm0U4="></latexit>
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Electron-phonon	self-energy		
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•  Interpolate	the	DFPT	poten;als	
–  Remove	and	add	the	long-range	part	(Fröhlich)	
–  Reduce	memory	for	poten;als:	boxcutmin,	single	precision,	
distribu;on	over	perturba;ons	and	q-points	

•  Wave	func;ons	from	NSCF	calcula;on	
•  Compute																				and	accumulate	on-the-fly	(avoid	IO)	

gmn,⌫(k,q) = h mk+q|�⌫qV
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<latexit sha1_base64="hatatm4PPLk1cRq5IG6IXHnlqhg="></latexit>

⌃nk(!, "F , T ) =
X

m,⌫

Z

BZ

dq

⌦BZ
|gmn,⌫(k,q)|2


n⌫q + fmk+q

! � "mk+q + !⌫q + i�
+

n⌫q + 1� fmk+q

! � "mk+q � !⌫q + i�

�

<latexit sha1_base64="OlVS14rD6XSQeP6qN/aQHqXm0U4="></latexit>

gmn,⌫(k,q) = h mk+q|�⌫qV
KS | nki
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Electron-phonon	self-energy	workflow	

WFK	(k=q)	

DEN	

BECS,	DDB1	 POT1,	DDB1	 POT2,	DDB2	

DDB	

mrgddb	
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Electron-phonon	self-energy	workflow	

WFK	(k=q)	

DEN	

BECS,	DDB1	 POT1,	DDB1	 POT2,	DDB2	

DVDB	 DDB	

eph	

SIGEPH	

WFK	(k>q)	

mrgdv	 mrgddb	
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Checkpoint	and	Restart	

•  Long	calcula;ons	->	restart	feature!	
•  Addi;onal	array	with	“done”/”not	done”	
wri1en	inside	the	loop	over	k-points	

•  If	the	calcula;on	is	crashed,	restart	with	
 eph_restart 1!

•  Save	computa;onal	;me!	
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•  Mobility	in	the	linearized	Boltzmann	equa;on:	

Bolzmann	transport	in	the	SERTA	

µ↵�("F , T ) =
e

n("F , T )⌦

X

n

Z
dk

⌦BZ
vnk,↵vnk,�⌧nk("F , T )

✓
�@f("nk, "F , T )

@"

◆

<latexit sha1_base64="u8z9qFNrEk1si+jeTXIyuEXgnDU="></latexit><latexit sha1_base64="tYjp3Po7n1rEOEFsvpc4J43HQIE="></latexit><latexit sha1_base64="zUlmV8rTYu0NxlhKfsTSvnQ4/bw="></latexit>
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•  Mobility	in	the	linearized	Boltzmann	equa;on:	

•  Life;mes	from	imaginary	part	of	self-energy:	

Bolzmann	transport	in	the	SERTA	
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e
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X

n

Z
dk
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@"

◆
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Z
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n⌫q + fmk+q

! � "mk+q + !⌫q + i�
+

n⌫q + 1� fmk+q
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�

<latexit sha1_base64="qn65Tn8puE9xC4BkLo4xNFHB84c="></latexit>
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⌧nk
= ⇡

X

m,⌫

Z

BZ

dq

⌦BZ
|gmnk,⌫q|2 ⇥ [(n⌫q + fmk+q)�("nk � "mk+q + !⌫q)+
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Speeding	up	imaginary	part	of	SE	

Double	grid	
	
Eigenvalues	dense	grid:	
1.	SKW	interpola;on	
bs_interp_kmult!
2.	NSCF	calcula;on	
tolwfr 1e-15!
irdwfkfine!
getwfkfine!
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Eigenvalues	dense	grid:	
1.	SKW	interpola;on	
bs_interp_kmult!
2.	NSCF	calcula;on	
tolwfr 1e-15!
irdwfkfine!
getwfkfine!

	

Tetrahedron	
integra;on	
eph_intmeth 2!
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Speeding	up	imaginary	part	of	SE	

Double	grid	
	
Eigenvalues	dense	grid:	
1.	SKW	interpola;on	
bs_interp_kmult!
2.	NSCF	calcula;on	
tolwfr 1e-15!
irdwfkfine!
getwfkfine!

	

Tetrahedron	
integra;on	
eph_intmeth 2!

Q	and	K-point	
filtering	
kerange!

sigma_erange!

5	



Speeding	up	imaginary	part	of	SE	

Tetrahedron	
integra;on	
eph_intmeth 2!
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Tetrahedron	method	

zcut	small	to	reproduce	the	limit,		
large	enough	to	avoid	numeric	problems	

Double	convergence	γ	and	q	

	

⌃nk(!, "F , T ) =
X

m,⌫

Z

BZ

dq

⌦BZ
|gmn,⌫(k,q)|2


n⌫q + fmk+q

! � "mk+q + !⌫q + i�
+

n⌫q + 1� fmk+q

! � "mk+q � !⌫q + i�

�

<latexit sha1_base64="qn65Tn8puE9xC4BkLo4xNFHB84c="></latexit>
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Tetrahedron	method	

zcut	small	to	reproduce	the	limit,		
large	enough	to	avoid	numeric	problems	

Double	convergence	γ	and	q	

	tetrahedron	linear	interpola;on	of	the	
eigenvalues	and	matrix	elements	

Converge	q	only	

1

⌧nk
= ⇡

X

m,⌫

Z

BZ

dq

⌦BZ
|gmnk,⌫q|2 ⇥ [(n⌫q + fmk+q)�("nk � "mk+q + !⌫q)+

(n⌫q + 1� fmk+q)�("nk � "mk+q � !⌫q)]
<latexit sha1_base64="yeoN4q1PKiMtC+t9dZKZBmk45WU="></latexit>
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Tetrahedron	method	101	

•  Tessellate	the	Brillouin	Zone	
using	tetrahedrons	

•  Simple	analy;cal	expressions	
depend	on	the	energies	at	
the	summits	

⇡I(!) =

Z

BZ
Fk�(! � "k)

<latexit sha1_base64="3N4V6Au2ju/H/F0BIgeVl8R2s1w="></latexit>

[1]	A.H.	MacDonald,	S.H.	Vosko,	and	P.T.	Coleridge,	Journal	of	Physics	C:	Solid	State	Physics	12,	2991	(1979)	
[2]	P.E.	Blöchl,	O.	Jepsen,	and	O.K.	Andersen,	Phys.	Rev.	B	49,	16223	(1994)	
Many	others...	Also	dicussion	with	Atsushi	Togo	

⇡I(!) = ⌦tetra

NtetraX

i=1

gi(!)
4X

s=1

Iis(!)F
i
s

<latexit sha1_base64="+CXaMHXu9+3cWS8m/H87mkUKH8Q="></latexit>
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Old	tetrahedron	implementa;on	
1.  Create	list	of	all	tetrahedra	
2.  Hash	and	sort	
3.  Reduce	to	unique	

(Double	memory	alloca;on)	

memory	trace	
abinit	--abimem-level	3	
abimem.py	plot	<file>	
	
GaAs		
72x72x72		
k	and	q	grid	
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New	tetrahedron	implementa;on	
1.  Generate	1	tetrahedron	and	hash	
2.  If	new	store,	if	already	exists	add	mul;plicity	
3.  Repeat	for	all	tetrahedra	
(Lower	memory	footprint)	

memory	trace	
abinit	--abimem-level	3	
abimem.py	plot	<file>	
	
GaAs		
72x72x72		
k	and	q	grid	

8	



•  Mobility	in	the	linearized	Boltzmann	equa;on:	

Bolzmann	transport	in	the	SERTA	

µ↵�("F , T ) =
e

n("F , T )⌦

X

n

Z
dk

⌦BZ
vnk,↵vnk,�⌧nk("F , T )

✓
�@f("nk, "F , T )

@"

◆

<latexit sha1_base64="u8z9qFNrEk1si+jeTXIyuEXgnDU="></latexit><latexit sha1_base64="tYjp3Po7n1rEOEFsvpc4J43HQIE="></latexit><latexit sha1_base64="zUlmV8rTYu0NxlhKfsTSvnQ4/bw="></latexit>
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Group	velocity	matrix	elements	

•  Before:	DFPT	run	on	FBZ	for	each	3	direc;ons	and	read	
diagonal	matrix	elements	from	1WF	files	
–  Lots	of	IO	and	waste!	

10	

vnk,↵ = h nk|@k,↵H| nki
<latexit sha1_base64="XHPNsxVLD184LAWqCazkSXiNrpA="></latexit>



Group	velocity	matrix	elements	

•  Before:	DFPT	run	on	FBZ	for	each	3	direc;ons	and	read	
diagonal	matrix	elements	from	1WF	files	
–  Lots	of	IO	and	waste!	

•  Compute	on-the-fly	using	nc_ihr_comm	(chi	in	GW)	
–  Only	works	for	norm-conserving	
–  Not	most	efficient	for	off-diagonal	matrix	elements	

vnk,↵ = h nk|p̂↵ + i[VNL, r̂↵]| nki
<latexit sha1_base64="av8P7d5F0aV0kCw8mllFXZRLOOE="></latexit><latexit sha1_base64="av8P7d5F0aV0kCw8mllFXZRLOOE="></latexit><latexit sha1_base64="av8P7d5F0aV0kCw8mllFXZRLOOE="></latexit><latexit sha1_base64="av8P7d5F0aV0kCw8mllFXZRLOOE="></latexit>
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Group	velocity	matrix	elements	

DFPT	rou;nes:	
load_spin_hamiltonian	
load_spin_rf_hamiltonian	
getgh1c_setup	
getgh1c	

11	

vnk,↵ = h nk|@k,↵H| nki
<latexit sha1_base64="XHPNsxVLD184LAWqCazkSXiNrpA="></latexit>



Group	velocity	matrix	elements	

DFPT	rou;nes:	

load_spin_hamiltonian	

load_spin_rf_hamiltonian	

getgh1c_setup	

getgh1c	

Object	dkkop_t:	
ddkop_setup_spin_kpoint	

ddkop_apply	

ddkop_get_velocity	

Can	be	reused	in	different	contexts:	transport,	chi,	

interpola;on,	etc…	

WFs	in	memory	->	recompu;ng	be1er	than	IO	

Same	for	EPH	matrix	elements	
11	

vnk,↵ = h nk|@k,↵H| nki
<latexit sha1_base64="XHPNsxVLD184LAWqCazkSXiNrpA="></latexit>



Transport	computa;on	driver	

µ↵�("F , T ) =
e

n("F , T )⌦

X

n

Z
dk

⌦BZ
vnk,↵vnk,�⌧nk("F , T )

✓
�@f("nk, "F , T )

@"

◆

<latexit sha1_base64="u8z9qFNrEk1si+jeTXIyuEXgnDU="></latexit><latexit sha1_base64="tYjp3Po7n1rEOEFsvpc4J43HQIE="></latexit><latexit sha1_base64="zUlmV8rTYu0NxlhKfsTSvnQ4/bw="></latexit>
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Transport	computa;on	driver	

µ↵�("F , T ) =
e

n("F , T )⌦

X

n

Z
dk

⌦BZ
vnk,↵vnk,�⌧nk("F , T )

✓
�@f("nk, "F , T )

@"

◆

<latexit sha1_base64="u8z9qFNrEk1si+jeTXIyuEXgnDU="></latexit><latexit sha1_base64="tYjp3Po7n1rEOEFsvpc4J43HQIE="></latexit><latexit sha1_base64="zUlmV8rTYu0NxlhKfsTSvnQ4/bw="></latexit>

µ↵�("F , T ) =
e

n("F , T )⌦

Z
K(!, "F , T )

✓
�@f(!, "F , T )

@"

◆
d!

<latexit sha1_base64="If4RKd4y8pHl8pp7dChC6k4JkVA="></latexit>

K(!, "F , T ) =
X

n

Z
dk

⌦BZ
vnk,↵vnk,�⌧nk("F , T )�(! � "nk)

<latexit sha1_base64="Zn64bznB2Q5DwEgFh/Y+rUd2Mgs="></latexit>

•  Can	use	the	tetrahedron	method!	
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Transport	computa;on	driver	

•  New	transport	computa;on	driver	star;ng	
from	*_SIGEPH.nc	file	

•  Computed	automa;cally	axer	sigmaph	when	
eph_task -4!

•  Compute	conduc;vity,	mobility,	Seebeck.	
•  Write	to	*_TRANSPORT.nc	netcdf	file	
•  Analyze	results	using	Abipy	

12	



Transport	computa;on	workflow	

WFK	(k=q)	

DEN	

BECS,	DDB1	 POT1,	DDB1	 POT2,	DDB2	

DVDB	 DDB	

SIGEPH	

mrgdv	 mrgddb	
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Transport	computa;on	workflow	

WFK	(k=q)	

DEN	

BECS,	DDB1	 POT1,	DDB1	 POT2,	DDB2	

DVDB	 DDB	

SIGEPH	

WFK	(k>q)	

mrgdv	 mrgddb	

TRANSPORT	

WFKFINE	(k>q)	

KERANGE	
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Unit	tests	

•  Test	individual	rou;nes	outside	of	their	normal	
scope	95_drive/m_unittests.F90!

•  Two	use	cases	so	far:	
– New	tetrahedron	rou;nes		(real	part	of	SE)	
–  Implement	symkpt	and	listkk	rou;nes	with	
be1er	scaling	for	our	applica;ons	

•  Work	in	progress…	

14	



Lessons	learned	
•  IO	is	bad!	Lots	of	IO	will	quickly	become	the	
bo1leneck	of	the	computa;on	

•  FLOPS	are	cheap	Re-compu;ng	is	be1er	than	IO	
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Lessons	learned	
•  IO	is	bad!	Lots	of	IO	will	quickly	become	the	

bo1leneck	of	the	computa;on	

•  FLOPS	are	cheap	Re-compu;ng	is	be1er	than	IO	

•  Treat	integrals	nicely	When	performing	difficult	BZ	

integrals	prefer	tetrahedron	(or	be1er)	

•  Save	memory	Aim	to	2GB	per	core,	distribute	

memory,	recompute,	avoid	unnecessary	alloca;ons	

•  Checkpoint	is	good	Save	work,	allow	restart	

15	



Further	work	

1.  Special	treatment	of	Fröhlich	matrix	elements	
2.  Improve	convergence	of	mobility	with	k-points	

using	quadra;c	tetrahedron	method	
3.  Faster	and	scalable	k-points	machinery:	

symkpt	and	listkk!

16	
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Thank	you!	


