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Abstract. A search was made for possible half-metallic (HM) antiferromagnet (AFM)
in all the (C3’=406) double perovskites structures of Sr,BB'Os where BB’ pairs are any
combination of 3d, 4d or 5d transition elements with the exception of La. Sr can also
be replaced by Ca or Ba whenever HM-AFM was found and similar calculations were
then performed in order to probe further possibilities. It was found that A;MoOsOg,
ApTcReOg, ArCrRuOg, where A=Ca, Sr, Ba, are all potential candidates for HM-AFM.
The AFM of A, BB'Og comes from both the superexchange mechanism and the gen-
eralized double exchange mechanism via the B(tz¢)-O2p,-B'(t2¢) coupling, With the
latter also being the origin of their HM. Also considered were the effects of spin-orbit
coupling (SOC) and correlation (+U) by introducing +SOC and +U corrections. It is
found that the SOC effect has much less influence than the correlation effect on the
HM property of the compounds. For A;TcReOg and A,CrRuOg, after +U, they become
nearly Mott-Insulators. In the future, it is hoped that there will be further experimental

confirmation for these possible HM-AFM candidates.

PACS: 75.10.Lp, 71.20.-b, 75.30.-m, 75.50.Ee
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1 Introduction

The characteristic properties of half-metallic (HM) materials are spin magnetic moments
quantized with a fully spin-polarized state at the Fermi level, as well as zero spin suscep-
tibility. In 1983, R. de Groot et al. [1] discovered HM ferromagnets (FM) by calculating
the band structure of the magnetic semi-Heusler compounds NiReSb and PtReSb. Due
to their single-spin charge carriers, HM materials can be applied as single-spin electron
sources and high-efficiency magnetic sensors [2-11]. If the total magnetic moment is
zero in HM material, it is called HM antiferromagnet (AFM). The first HM-AFM was
proposed by van Leuken and de Groot [12] in 1995. HM-AFMs have the following prop-
erties: First, they do not carry any macroscopic magnetic field in zero temperature, even
thought small magnetization might be induced due to finite temperature spin fluctua-
tions [13]. Second, they can transport a 100% spin polarized charge without net magneti-
zation. Third, theirs magnetic susceptibility is zero. Based on these features, HM-AFMs
have several applications: they can be used as probes in spin-polarized scanning tunnel-
ing microscopes since they will not disturb the spin character of the sample; as well they
play an important role in spintronic devices. However, up till now, there still exists no
experimental verification for them.

Many structures are considered as possible HM-AFM candidates, e.g. half-Heusler
[12], full-Heusler alloys [14-17], thiospinels [18], Fe-based superconductor [19] and su-
perlattices [20,21]. They can also be found in some disorder systems, e.g. vacancy-
induced rock salt transition metal oxides [23], Co-substituted Heusler alloys [24], and
diluted antiferromagnetic (AFM) semiconductors [25,26]. Pickett [27] first looked for
HM-AFMs using the (fixed) cubic double perovskite structure La,M'M"Og in 1998. He
proposed La; VMnOg and La; VCuOg as two promising candidates for HM-AFM. He also
mentioned that the perovskite crystal structure AMOs3, due to its simple crystal structure,
potentially large number of members, and strong coupling between magnetic ordering
and electronic properties, appeared to be an ideal system in the search for HM-AFM
members.

Based on a systematic first-principle study of the ordered double perovskites A>BB'Og,
whose nominal ionic picture is A3* (BB’)8*OZ ", with possible B and B’ pairs in the 3d, 44
and 5d transition metal elements. We predict ACrRuQOg, AxM0OsOg and A;TcReOg as
possible HM-AFM candidates. Among them, only Sr,CrRuQOg was previously predicted
by Lee and Pickett [32]. We considered two stacked structures ([111], space group Fm3m,
and [001], space group P4/mmm, as seen in Fig. 1) with two magnetic states (FM and
nonconventional AF (labeled as AF-I), whose spin moment of (B, B, B/, B') is (+,+,—,—,)).
Furthermore, we also considered the possibilities of a third magnetic states: conventional
AF (labeled as AF-II, whose spin moment of (B, B, B/, B') is (+,—,+,—,)), which has seldom
been compared with AF-I in term of stability in theoretical predictions of HM-AFMs in
double perovskites structures.

For transition metal oxides, we took into account spin-orbit coupling (SOC) and cor-
relation (+U) effects. The Hubbard U values for all transition metals are reported [33]



