DM An Accurate First Principles Treatment of Doping Dependent Electronic
% Structure of High-Temperature Cuprate Superconductors

Center for Computational Design James W. Furness!, Yubo Zhang'!, Christopher Lane?, loana Gianina Buda?, Bernardo Barbiellini®?, Robert S. Markiewicz?, Arun Bansil?, Jianwei Sun'
of Functional Layered Materials

@ Tulane
¥ University

AERN >
oS sl Ny
Qe s et
NS
ZIFMH [ entas | WA=
\ ‘1.1;‘] .-i41-;"(.“>,gll' |
AN 7 )
i} - ,'41 /\\
’)1 /\\-:‘
MassACY

’Depon‘mem‘ of Physics and Engineering Physics, Tulane University, New Orleans, LA, USA; 2Depon‘menf of Physics, Northeastern University, Boston, MA, USA;
Lappeenranta University of Technology, FI-53851 Lappeenranta, Finland

Abstract

A first-principles density-functional description of the electronic
structures of the high-T_ cuprates has remained a long-standing
problem since their discovery in 1986, with calculations failing to
capture either the insulating (magnetic) state of the pristine compound
or the transition from the insulating to metallic state with doping.
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* Insulator — optical leading
edge band gap of 1.0 eV. Single La atom replaced by Sr

in alternating layers.!!

Here, by taking lanthanum cuprate as an exemplar high-T_ cuprate, we °
show that the recently developed non-empirical, strongly-constrained
and appropriately-normed (SCAN) density functional accurately
describes both the antiferromagnetic insulating ground state of the
pristine compound and the metallic state of the doped system. Our
study yields new insight into the low-energy spectra of cuprates and
opens up a pathway toward wide-ranging first-principles investigations
of electronic structures of cuprates and other correlated materials.

* Antiferromagnetic magnetic
moments on Cu of
0.48 £0.15 ug.

e Metallic Conductor.

* More complicated
ferrimagnetic moments on
copper atoms.

[1Suter, A. et al.; Superconductivity drives magnetism in delta-doped
La,CuQ, (2017); arXiv:1706.07599

 LSDA and PBE
incorrectly predict
metallic gap.

Doping Dependent Transition
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* SCAN correctly stabilises (eV* formula unit™)

copper magnetic moments.

EXp. O48,UB

* Previous functionals fail to reproduce this transition,
predicting metallic (LSDA, GGA) or insulator (Hybrid GGA)
behaviour for both species.

 The SCAN functional correctly captures the doping
dependent insulator-metal transition

Accurate lonic Structure . .
Functional Comparison

* La,Cu0Q, exists in 3 isomorphs defined by local EXD. SCAN PRE L SDA
octahedral tilt mode LTO LTT HTT LTO LTT HTT LTO LTT HTT LTO LTT HTT
AE (meV FUT) 10K 15K 528K 0.0 1.2 51.9 0.0 6.9 96.3 0.0 -0.1 22.1
+ SCAN reproduces relative energetic ordering CuMagneticMoment (U ) 0.495 : 0491 0492 0479 | 0273 0107 0262 | 0109 0073  0.100
' ndirect Band Gap (V) 1.0" : : 0979 1006 0918 | 0026 0000 0000 | 0000 0000  0.000
L attice Constants a(A) 5.335 5.360 5.391 5323 5391 5348 | 5352 5471 5401 | 5220 5285  5.258
b (A) 5.421 5.360 5.391 5459 5391 5348 | 5576 5471 5401 | 5353 5285 525
c(A) 13.107 13.236 13219 | 13088 13071 13125 | 13101 13075 13163 | 1295 12956  12.989
Vv (A3) 379.1 380.3 384.2 3803 3798 3754 3010 3914 3840 3620 3618 3589
<ZE Octahedral Tilt axial (degrees) 5.5 3.8 0.0 7.2 6.9 0.0 8.7 8.5 0.0 5.8 5.5 0.0
O — 75} AE 4 (meV FU 1) 15K : 0.0 -0.5 18.3 0.0 4.4 46.0 0.0 -0.4 2.7
wn =
E C
o (:; T e ng edgein optical specium. AE and /AE4 are enargies rdative to the LTO phase in the pristine and doped cases, respectively.
o = 50 FU denotes formula unit.
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€ ¥ 55 * The SCAN functional provides an accurate model for the prototypical high-Tc cuprate, allowing further study of
3 detailed magnetic behaviour.
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o 0 - P * This opens the way for further investigation of strongly Y P
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15K correlated materials using the SCAN functional. Physical Review Letters, Submitted.

*Only observed in doped species.
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