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Abstract

Based on the Heyd-Scuseria-Ernzerhof (HSE) screened hybrid density functional theory, we have
studied the crystal structure, electron structure, and magnetic properties of perovskite transition
metal oxide CaMnO3. Compared with traditional local density approximation and generalized gra-
dient approximation, the crystal structure within HSE is in good agreement with experimental da-
ta. In addition, a 2.5 eV band gap is close to 3.1 eV from experiment. Furthermore, with the mag-
netic exchange coupling constants, the magnetic transition Néel temperature of CaMnOsis 87 K,
consistent with the experiment value of 131 K. These findings indicate that the hybrid functional
could provide a proper description of insulating transition metal oxides.
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Figure 1. Crystal structure of the CaMnO;. Left is side view and right is top
view
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Table 1. Total energy of CaMnO; for different magnetic orderings

5% 1. CaMnO; B FhfiLEH

i sk

YiSsREEE
Energy (meV/u. c.) G-type AFM A-type AFM C-type AFM FM
HSE 0 12.1374 5.6050 29.6975
GGA 0 17.7400 6.5275 51.1400
LDA 0 52.8800 21.5475 125.9457
Table 2. Comparison between experimental (10 K) and calculated structural parameters of CaMnO;
7= 2. K10 K)MS CaMnO; R ALEHMS AT EFTSEIAY CaMnO; BIFEHS
CaMnOg3 Expt. [10] HSE PBE LDA
a(A) 5.2757 5.2766 5.3388 5.2024
b(A) 7.4398 7.4330 7.4963 7.3116
c(A) 5.2555 5.2478 5.2904 5.1606
V(A3) 206.2792 205.7840 211.7272 196.2967
(%) 156.9868 157.0201 155.4690 155.9633
(%) 158.1753 158.3538 156.7146 157.5714
I(A) 1.9023 1.8998 1.9247 1.8742
s(A) 1.8963 1.8970 1.9211 1.8718
m (A) 1.8942 1.8919 1.9135 1.8635
Q: 0.008 0.0040 0.0052 0.0034
Qs -0.008 -0.0105 —0.0154 -0.0156
Table 3. The magnetic exchange coupling parameters and Néel temperature of CaMnO3
7% 3. CaMnO; B 32 HE A AR R RIBE
CaMnOs3 HSE GGA LDA
Ji(meV) —2.0128 —3.4640 —8.7378
Jo(meV) —-2.5739 —4.4364 -10.5128
Js(meV) -0.3321 —0.7465 -1.4311
Ta(K) 87 174 290
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Figure 2. Total density of states of CaMnO3
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