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Abstract

Density-functional theory (DFT) is currently the ab initio method most widely used
to predict electronic energy levels of new materials. However, approxima- tions
intrinsic to the theory limit the accuracy of calculated energy levels to about
0.5 eV. The GOWO approach is an alternate ab initio method that provides an
enhanced precision (about 0.05 eV). However, its computational cost is currently
prohibitive for systems with more than a few tens of electrons, thus limiting its use
in the simulation and design of technologically relevant materials. This limitation
of current GOWO implementations can be traced to two bottle- necks : the need to
invert a large matrix (the dielectric matrix) and the need to carry out summations
over a large number of electronic states (conduction states). The first bottleneck
is caused by the choice of the basis in which the dielectric matrix is represented :
traditional GOWO implementations use a plane wave basis, which needs to be
relatively large to p...

Document type : Communication & un collogue (Conference Paper)

Référence bibliographique

Laflamme Janssen, Jonathan ; Rousseau, Bruno ; Cbté, Michel. Faster GOWO implementation
for more accurate material design.ABINIT Workshop 2013 (Dinard, France, du 15/04/2013 au
19/04/2013).

Available at:
http://hdl.handle.net/2078.1/154188

[Downloaded 2019/04/19 at 08:18:47 ]



Faster GoWo implementation for more
accurate material design

By Jonathan Laflamme Janssen
Déepartement de physique, Universite de Montréal

Université f’”’\

de Montreéal



7))
-
)
-
>
e
Q.
(-
e
-
R

Des

Y T T,
o e e e e e e s e e e e e e s e e s e e s s
e e e o e e e e e e e B e e e e e s s e s s e s
e e s e e e s s s s e s s s s
s e e s e e e e e M s e e e e s s s s s e s
o e e e e e e e e e e e e e e s e e s e s e s s
s s s e s e s s s s e s s s e s
o e e e e e e e s s e e e s s s
s e s e e e e e M s e e e e e s s s s s s e s
s e e e s e e s e e e e s s s e s ek
o s s s s s s s s s s s e s e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e )

™
<
o
N
o
-
.m
Q
<
Q
@)
<
0
X
o
=
=
=
m
<
<
©




optimal for solar spectrum

« Gap

Y T T,
o e e e e e e s e e e e e e s e e s e e s s
e e e o e e e e e e e B e e e e e s s e s s e s
e e s e e e s s s s e s s s s
s e e s e e e e e M s e e e e s s s s s e s
o e e e e e e e e e e e e e e s e e s e s e s s
s s s e s e s s s s e s s s e s
o e e e e e e e s s e e e s s s
s e s e e e e e M s e e e e e s s s s s s e s
s e e e s e e s e e e e s s s e s ek
o s s s s s s s s s s s e s e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e )

7))
-
)
-
>
e
Q.
(-
e
-
R

Des

™
<
o
N
o
-
.m
Q
<
Q
@)
<
0
X
o
=
=
=
m
<
<
©




optimal for solar spectrum

(for good charge transfer)

— higher than Cseo

O
=
O
I

« Gap

S

N

G
=
=
=
=

2 e

N

=
=
G

S
00000000? ff#f£x#f£fxxf£fﬁf&fﬁfﬁiﬁiﬁiﬁfﬁ#ﬁf&fﬁfn
)

=

=
=
=
=
=
=
=
=
=

G
=
G
=
=
G
=
)
G
=
|§

o s s sy s s s s e e s s e e s s e s s e s e e e
0O0000Olf#iflfaf&faffxfi#&f&d&&f&#&f&f&i&f&f&&fﬁ

=
=
=
)
=
=
=
=

o e e e e e e e e e s e e s s s s s
s e e e e e e e e e e s e s e e e s s s B s s
s e e e s e e s e e e e s s s e s ek
o s s s s s s s s s s s e s e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e )

7))
-
)
-
>
e
Q.
(-
e
-
R

IClen

t
charge tranfer
A

Des

> eff

™
hwn
o
~
o
ce
m
ol
<
Q
O
-
7
Y
S
=
=
<
m
<
=
©




ty

optimal for solar spectrum
tabil

(for good charge transfer)
and air s

— higher than Ceo
— low enough for good Voc
|

« Gap:
« HOMO

e
(o o s s s s s s s s s
ey
(o o o s s s s s s s
o ey ey ey
(o o o oy o oy T s s
ey e e
(o o oy s s s s s s s s s s
ey s ey ey ey ey ey ey ey e e e
BB B BB B BB B B B BB BB B B
s 0 s s s s s s s s s s s s s s s s s s s s s s e s s s s s s s s s s s s s s s s s s s s e )

7))
-
)
-
>
e
Q.
(-
e
-
R

icient
charge tranfer
A

Des

>~ EceII
J (Voc)
~ eff

~
~/

™
<
o
N
<
-
mm
S
<
Q
O
c
0
X
O
=
=
=
m
<
=
©




DFT to the rescue?
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The GoWp : bottlenecks

e Why GoWo so expensive ?

Nc : number of conduction states

‘; Z gj):P G : n){n

n=1 C()—gn

* Nc ~ 10 Ny to 100 N, for e, at £0.05 e

e inversion of € = N3 operation (N = basis size)
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Nc¢ : number of conduction states
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) P=-iGG
e=1-vP NN\ n
w5 o-p

Nc¢ : number of conduction states

n=1 60 - gn
2) T=iGW
e summations — Sternheimer’s equations

e planewaves basis — Lanczos basis
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Sternheimer’s equation
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e Need a basis: {/4)}

e The ideal basis:

- Is small, e.qg.
= NOT planewaves
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= NOT {‘ n>}
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* |dea :
- efficient sampling of big eigenvalues of : € ' —1=1—¢=VP
-Take (any) vector : ‘1//>

-Build : {|y).(vP)|y).(vP) |v)....|
— biggest eigenvalues pop out

- Orthonormalize : {\ 6]>}

e Lanczos procedure: same {|¢)!

- Don't pay all orthogonalization
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Lanczos algorithm

e We have a small {|¢)}

6t ABINIT workshop, April 18, 2013



6.0 ———r—rrrrrm

&-® no model
a5l ®-® model: [, =8I
' | — 4+ 50 meV
7.0 -
—7.9 _
— 8.0} -
—8.50F -

'10° 101 102 103
Lanczos basis size

6t ABINIT workshop, April 18, 2013



l
m|2\m J.da) @Q—l . @
(| )= 27 - z;‘ 601( Benzene
o - 6._| /@@ nomodel
®—©® model: [ =8I
_6.5}F c
=+ 50 meV
e We have a small {|¢)} " '
—1 0 _7.%4 _
— €~ free .=
_8.0F -
_8.5}F -

'10° 101 102 103
Lanczos basis size

6t ABINIT workshop, April 18, 2013



Performance

6t ABINIT workshop, April 18, 2013 14 of 17



Performance

6t ABINIT workshop, April 18, 2013 14 of 17



Performance

X

(smaller)

6t ABINIT workshop, April 18, 2013 14 of 17



Performance

6t ABINIT workshop, April 18, 2013 14 of 17



Performance

6t ABINIT workshop, April 18, 2013 14 of 17



Performance

6t ABINIT workshop, April 18, 2013 14 of 17



Performance

0 7_g)?onvergence w/r to size of dielectric matrix (silane; ecut = 2 Ha)
e o Present GOWO H
n 0.70F| ¥ =< Conventional GOWO 5 | _
...... 1S | o .
- precision of the method | H /SI\H
Q B | _
Q I
|
(smaller) s oo} X X -
0 i
ad |
S 0.55F ‘ x |
—_ O |
A‘ X )= ‘ b> ~ [ \\ \\
P Iy \
o 0.50} Loy \ ]
c I \ \
{‘ q>} 2 o I !
/7 \ |
2045 S0 &% o
T ... T T B N e e X
O \ \ X
° _
Faster ?  osof . Soeerene :
0.35 — — —
10" 10° 10°
cpu time (s

6t ABINIT workshop, April 18, 2013

14 of 17



Performance

0 7_g)?onvergence w/r to size of dielectric matrix (silane; ecut = 2 Ha
e o Present GOWO H
n 0.70F| ¥ =< Conventional GOWO 5 |
...... 1S | o .
- precision of the method|! H /SI\H
() B | \
E 0.65 i \ H
S s
I K<
(smaller) s oo} X X
3 i
ad |
S 0.55] ! %
o I
A‘ X )= ‘ b> v [ \\ \\
P Iy \
o 0.50} Foy \
c I \ \
{‘ q>} 2 o I !
/7 \ |
2045 S0 &% |
T ... T T B N e e X
O \ \ X
° _
Faster 7 oao} . S-e-e--e-e
| 0.35 ' ' —
Yes! e ye ye
cpu time (s

6t ABINIT workshop, April 18, 2013

14 of 17




X 0 7_g)?onvergence w/r to size of dielectric matrix (silane; ecut =
n | < = Conventional GOWO < |

o
o
a1

©
o)
=)

0.55

0.50

0.45

Il
S
~
HOMO energy, correlation part (eV)

Faster 7 0.0

Yes! 0.35

Performance

2 Ha)
e o Present GOWO H
IX S |
------ precision of the method |’ o I
[ N
_ CoN / "H
I \ H
[ X
[ X~ _
| * =~ X\ _
’ s
AN
i h >< ]
Iy \
Iy \
Iy \
i I \ |
I \ \
O ! \ X‘
/ \ I
Q
- o ¥ ~50x faster L
e ‘ ....... \I .................. \.\ ..................................................................... O
i \ ® o -0-0--0-0 1
@
10* 10° 10°
cpu time (s

14 of 17

6t ABINIT workshop, April 18,



Preliminary results

6t ABINIT workshop, April 18, 2013



Preliminary results

e \Working in reals systems?

6t ABINIT workshop, April 18, 2013



Preliminary results

e \Working in reals systems?

HOMO (eV)
LDA GoWo Exp.
Benzene -6.51 -9.22 -9.30
Thiophene -6.05 -8.94 -8.85
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e Future work :
- refine DF T calculations for candidate poly

- interface states : what do they look like?
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