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The electronic structure of the Ruddlesden-Popper layered perovskite compaMm Sy is studied from
density-functional calculations using the linear muffin-tin orbitals method. An antiferromagnetic, insulating
solution is obtained in agreement with the experiments, with a magnetic moment of abqug 2o52ach Mn
atom. The magnetic interactions between the Mn atoms, both within the bilayer and between the bilayers, are
shown to arise from superexchange. The intrabilayer interaction involves the three-site Mn-O-Mn superex-
change much like the case of the well-known CaMn@hile the interbilayer exchange, mediated via the
longer Mn-O-O-Mn superexchange path, is considerably weaker. Consistent with the layered nature of the
compound, we find a strong out-of-plane to in-plane band-mass anisotropy;fén &), (m§/m§’y~lo.9 for
electrons and-4.2 for hole$, while for the related compound La$4n,0,, which is a ferromagnetic metal,
we obtain a strong anisotropy in the resistivity/p,,~40 using kinetic transport theory, in qualitative
agreement with the experimental value-f.00.
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[. INTRODUCTION lows: (i) An insulating antiferromagnetic ground state is ob-
tained within the local-density theortii) The valence-band
The manganese-based perovskite oxides show a wide vip and the conduction-band bottom both consist of bands
riety of novel magnetic field induced phenomena, such as th@ith highly anisotropic masses, so that the charge carriers,

colossal magnetoresistance effect, spin, orbital, and chard@troduced by either chemical doping or temperature, will
ordering, melting of the charge order under the influence of ad to highly anisotropic conductivity within the relaxation-

S 5 . . ime approximation (iii) The conductivity is much higher
the magnetic field, ett” Recently, considerable attention along the bilayer plane as compared to the direction normal

has been focused on a new series of manganites, viz., th§ the plane, exactly as observed. An interesting result is that
n=2 members of the Ruddlesden-Popper compoundgg significant in-plane anisotropy for resistivity along differ-
Lay5,Sh 1 2xMn,0; (0<x=<1), which comprise bilayers of ent directions in the plane is indicated from our resu(s)
La, _,Sr,MnO; separated by insulating SrO laydfig. 1).>  The antiferromagnetic exchange interactions, both intrabi-
Several members of the class exhibit large magnetoresigayer and interbilayer, are produced by superexchange, much
tance and the two-dimensional nature of the compound ifke the familiar CaMnQ case. Of these, the interbilayer
manifested in a number of magnetic and transport propertie§xchange is found to be much smaller because of the longer
For example, the two-dimensional character results in a striksuperexchange path, which consists of four manganese and
ing anisotropy in resistivity. The presence of insulating Srooxygen atoms(v) For thex=0.5 compound of the series,
planes makes the resistivipx normal to the planes to be two Viz., LaS5Mn,0;, which is a ferromagnetic metal, we have
to three orders of magnitude greater than the resistjvity also calculated the resistance anisotropy W|t_h|n the K|net|c
in the ab plane! Another strong indication of the two- transport theory and, consistent with experiments, find a
dimensional character is that the measured critical exponer'f"l1rge anisotropy there as well.
for the magnetization nedr, is close to the theoretical ex-
ponent obtained from Onsager’s exact solution of the two-
dimensional Ising modét® Several members of the layered perovskite family
In spite of the considerable current interest in these comSrO(La; _,Sr,MnO3),, including the end member
pounds, only a very few calculations of the electronic struc-Si;Mn,0O; (x=1), crystallize in a tetragonal structure with
ture, mostly for thex=0.5 member of the series, have beenthe space group in the paramagnetic phase bBifimmm
reportec®’ In this paper we focus our attention on the elec-(no. 139.8 This crystal structure is derived from the cubic
tronic and magnetic structures of tlhe=1 end member of perovskite structure and can be visualized as a stacking of
the series, viz., $Mn,0-, using density-functional methods sheets of double layers of MpQpctahedra(Fig. 1). There
and simple models for exchange and transport. The eleare three types of oxygen atoms present in the structug: O
tronic structures of the end members are important as theyetween two Mn atoms located on two different layers
provide considerable insight into the properties of the entirewithin the same bilayer, @) outside the bilayer forming the
class of compounds and, with their smaller unit cells, haveapex of the MnQ@ octahedron, and @) located on the
the simplest band structures. We note thajMBr,O; is  MnO, layer, two of which form a bilayer. The three corre-
analogous to the&=1 end member of the CMR perovskite sponding Mn-O bond lengths are 1.947, 1.901, and 1.895 A
series La_,CaMnO;, with both having the nominal Mn indicating the absence of any appreciable Jahn-Teller
valence of M, so that the Mre, states are empty. Both distortion® which is consistent with the expected fin
SrMn,0; and CaMnQ are antiferromagnetic insulators. ~ nominal valence. However, in compounds where there is a
The key results of our work may be summarized as fol-mixture of M+ and Mrf*, a significant octahedral distor-
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TABLE |. Atom positions and sphere sizes for;Bin,O; used
in the TB-LMTO calculation. Lattice parameters for the paramag-
netic tetragonal unit cell(space group isl4/mmn) are a
=3.78936 A andc=20.0638 A afT=8 K (Ref. 8.

Atom x/a yla zlc Sla.u]
Sr (1) 0.0 0.0 +0.5 3.73
Sr(2) 0.0 0.0 +0.31656 3.99
Mn 0.0 0.0 +0.09705 2.60
o(1) 0.0 0.0 +0.0 1.88
0o(2) 0.0 0.0 +0.19181 1.60
Oo3) 0.0 0.5 +0.09558 1.87

tential was used. Within the LMTO atomic sphere approxi-
mation (LMTO-ASA), the antiferromagneti€AF) structure
was found to be energetically favorable over the paramag-
netic as well as the ferromagnetic structures.

The energy bands of gvin,O; in the AF structure are
presented in Fig. 2. An insulating solution is obtained, with
an indirect gap of 0.45 eV between theand theY points.
The calculated magnetic moment igy,=2.52ug/Mn,
which is in good agreement with the measured value of
2.31ug/Mn.B According to the Hund’s rule the magnetic mo-
ment for the free Mfi" ion should be 3g/Mn, which is
reduced by the hybridization effects in the crystal. The mag-
netic moment is carried almost entirely by thg electrons,

0.4
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FIG. 1. Crystal structure of the bilayer perovskite;l8n,0;.
Arrows indicate the Mn magnetic moments. The intralayer, intrabi-
layer, and the interbilayer exchange interactions between the Mn 02 | L
atoms are denoted by J’, andJ”, respectively. : O Cp)4y

~~ Mn+(rzg)¢

Energy (Ry)

tion due to the Jahn-Teller interaction is found, resulting in
large differences in the Mn-O bond lengtfesg., 1.92 and
2.12 A in La, ,Sr Mn,0,,° comparable to the distortion in
LaMnGg).

The band-structure calculations presented here were per-
formed using local spin-density approximati¢hSDA) to
the density-functional theoryDFT). The self-consistent -06
tight-binding linear muffin-tin orbital§TB LMTO) method T Yy r z
was used?® The structural data used in the electronic struc- FIG. 2. Density-functional band structure for;Bm,0, with
ture calculations are taken from Ref. 8. The atomic positionghe antiferromagnetic crystal structure. The valence- and
and the muffin-tin sphere radii are given in Table |. Theconduction-band dispersions in the gap region are strongly aniso-
magnetic unit cell is base-centered orthorhombic, space&opic, which leads in turn to a highly anisotropic conductivity for
groupC2mm (no. 38 in the International Tablgswith two  the doped carriers as discussed in the text. Khgoints are:I
formula units per unit cell. The calculations were scalar rela=(0,0,0), Y=(0,0a/c), Z=(1/4,1/4,0), andl =(1/4,1/4alc), in
tivistic and the von Barth—Hedthexchange-correlation po- units of 2/a.
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FIG. 4. Valence electron charge-density contours plotted on the
240 MnO, layer indicating the bonding interaction between the occu-
pied Mn(t,,) and the oxygerp orbitals. Contour values arei,
=poX 10 "%e /a3, wherep,=4.7x10 3, 6=0.47,a, is the Bohr
120 radius, anch labels the contours.
shell and the Mnt},) states. The lobes on the atoms seen in
0 the figure are indicative of the bonding interaction between
06 04  -02 0 0.2 0.4  the atoms.
ENERGY (Ry)
. RESISTIVITY ANISOTROPY
FIG. 3. Density of states for gvin,O;. The valence bands are A. SrsMn,0;
of combined Op)-Mn(t,4T) character, while the conduction bands . . .
near the gap consist primarily of Mpg|) and Mn(e,]) states. The band structure shows a large anisotropy in the disper-
SymbolsA ¢ and A, indicate, respectively, the crystal-field split- SION of bOt_h the valence and the ConQUctlon bgnds in the gap
ting and the exchange splitting. region. This would lead to a large anisotropy in the in-plane
vs out-of-plane conductivity in samples with carriers, intro-
causing thet,4 bands to be completely spin polarized. duced either by chemical doping or by finite temperature. We

The bands are consistent with the nominal chemicahave estimated this anisotropy ratio fog8n,O; within the
valence of MA* (t3,eJ). Note that the chemical valence Simple relaxation-time approximatidiRTA) where the con-
of the series may be represented asductivity tensor may be written as=n|e|u, wheren is the

(Lag™, S MnB™97057),(SPT0?7), where the first concentration of the carriers,is their charge, ang is the
parantheses indicates the bilayer and the second, the insul@tsrier mobility4 The mobility is given by;= le|rM

g]r%itilrgir!?glzs Aan‘]glher?t;%rl}gr ?r?;(ilt?\?e:a;;?sr:evn\:thTﬁ?% va wherer is the average relaxation time ahtlis the effective-
- . ¥ -1_ 2\ 2 (LY / k2 ;
lence being MA™, the electronic structure has considerable™2%3 tenso "= (1/a )(? E(k)/ k" The energ_|es ofethe
similarity with that of CaMnQ.223 The Mn-3d states are Valence azndzthe *concziuctlgn bgmds; may be writter @9
split into a triply degeneratiy,, and a doubly degeneragg ~ ~ Ec,, = (I /2my +ky/2my +k;/2my), where Eo(E,) is
state by the cubic crystal field, as seen from the projectedhe bottom(top) of the conductionvalence band andmy ,
density of stategDOS) shown in Fig. 3. The crystal-field mj , andm; are the principal values of the effective masses
splitting of ~2 eV is comparable to the strength of the ex- obtained by diagonalizing the mass tensor. In the RTA, the
change splitting 2 eV), putting thetﬁg and thee! states conductivity along different crystallographic directions is
in the same energy region. In the layered systems, the syniben determined simply by the mass anisotropy.
metry of the crystal field is reduced from cubic to tetragonal, We have estimated the ratio of the principal values of the
which would remove the degeneracies of thgand thee, ~ masses by examining the band dispersion along different di-
states. However, the present compound being Jahn-Teller iiections in the crystal. Figure 2 already indicates that the
active, this effect is small. The characteristic features of thdand dispersion is rather flat along directions perpendicular
present DOS curves are essentially similar to those for théo the bilayers IE alongI’ —Y) for both the valence top and
cubic perovskite CaMn© the conduction bottom. For the conduction bottom, the ratio
The valence electron charge-density contours, shown iof the band masses may be obtained from Fig. 5, which
Fig. 4, are consistent with the occupation of the oxygen 2 shows a contour plot of the band energies. An estimate of the
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FIG. 5. Constant energy contours near the conduction botton
indicating the highly anisotropic in-plane vs out-of-plane band dis-
persion. The coordinate system foris the same as in Fig. 1 and
contours on both plots have the same values. The plot on the rigt
part indicates isotropic dispersion along different directions on the
bilayer plane. Bloch momentums are in units af/a.

Energy (eV)

FIG. 6. Densities of states for the ferromagnetic La8r,0;,
in-plane to out-of-plane conductivity ratio for the electrons iscalculated using the full-potential LMTO method and Perdew-Wang
then found to bwablo'c%m;/m;yw 10.9. Note also from exchange-correlation in the GGA. Results indicate a nearly half
the contours that the band mass is isotropic along the p|ar{@etallic system. Densities of states corresponding to the majority
of the bilayers. Similarly, the anisotropy in the hole conduc-Sp_i“S are ir_ldicated_ b)_/ solid lines while t_hose corresponding to the
tivity was found to beaab/ocwm;‘/m;y~4.2. minority spins are indicated by dashed lines.

To our knowledge, although §vin,O; is known to be an
insulator, there is no quantitative measurement of the resigensities of states are shown in Fig. 6. We find a nearly half
tivity anisotropy of either doped samples or undopedmetallic band structure for this compound in agreement with
samples at finite temperatures. However, measurements haife earlier results of de Boer and de Grbaétsmall density
been made for the related bilayer compound LEB,O,,'®  of states at the Fermi energy is found for the minority elec-
which is thex=0.5 member of the series and is a ferromag-trons allowing conduction in both the majority and the mi-
netic metal. We have computed the anisotropy for this comnority spin channels. If the local-density approximation
pound as well, results of which are described below. (LDA) is used instead of the GGA in the calculation, the
minority conduction bands shift slightly down thereby in-
creasing the minority DOS at the Fermi energy.
B. LaSrMn 0, Even though both LDA and GGA indicate the presence of
A rough estimate for the resistivity anisotropy for the me-a small number of minority electrons at the Fermi energy, we
tallic LaSKLMn,0; is obtained using band dispersions at thefind that they contribute very little to the conductivity be-
Fermi energy and kinetic transport theory. According to thecause of their comparatively small Fermi velocity. Our GGA
latter, the conductivity is given by =2 re(v?)N;, wherer  calculation for LaSfMn,0O, yields the following values for
is an average relaxation timid; is the Fermi energy electron the DOS at the Fermi leveN, ,(Ef)=16.67(1.64 states/
density, andv; is the Fermi velocity. Ry/unit cell, while the averaged Fermi velocities
To estimate the quantities entering into the kinetic transfor spin majority (minority) are: <U>2<>T(l):<U§>T(l):2‘7O
port expression, we have performed a band calculation fof0.09)x 10" m/s{v?);(y=0.14 (0.0)<10'2 m/s. Notice
the LaSsMn,O, using the full-potential LMTO methotf.  that not only are the minority-spin electrons smaller in num-
We used a doubla-basis set for the, p, andd muffin-tin ~ ber, but also that they have a much smaller Fermi velocity
orbitals, with their tails expanded about other sites in spheritheavier effective magsmaking the majority-spin electrons
cal harmonics up tb,,,=6. The calculation was performed responsible for the bulk of the conductivity. The Fermi ve-
with the Perdew-Wang exchange-correlation potential in thdocities are also strongly anisotropic, being much smaller in
generalized gradient approximati6BGA).!’ The calculated the out-of-plane direction, leading to a strong anisotropy in
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If now the z axis in the local coordinate system is chosen

Mn @) Mn
N along the Mn-O bondsee Fig. 7, then it is easy to see that
\\\\\\\‘\\\\\\ \\\\\ \\\N‘\\\\\\ the only impor_tant_contri_bution to the exchange comes from
5 p 5 ele(_:tron ho_pp!ng involving th_e Maf—1) and the_ opz)_
3z -1 z 3z -1 orbitals. This is because the intralayer and the intrabilayer
exchanges involve the linear Mn-O-Mn triad with a roughly
180° Mn-O-Mn bond angle, which makes the hopping inte-
gral involving the Op,) and Of,) orbitals zero by symme-
try. As for the interbilayer exchang¥®', although the Of,)
and Ofp,) orbitals are coupled to the system on account of
the deviation of the Mn-O-Mn angle from a straight bond,
these hoppings contribute to the exchange in higher orders of
the perturbation theory. The interatomic hopping integrals
are described through the use of the Koster-Slater tight-

Mn binding matrix elements.
M The exchange interactiahbetween two Mn atoms is ob-
tained by calculating the ground-state energies corresponding
37 _1 to the ferromagneti¢FM) and antiferromagneti@AF) align-

ment of the twat,4 spins and then taking the difference:
FIG. 7. Superexchange paths for the intralayer and intrabilayer

exchange@) and for the interbilayer exchandgb). Defining thez Je=E1 By, )
axis along the Mn-(g bonds, iny the elgctron hopping involv_ing theyyhere positive(negative values ofJ,, indicate an ARFM)
O(py) ar.1d the Mng“—1) orbitals contrlbutgs to the magnetic ex- interaction between thetzg spins. Note that ourdey
change in the lowest order of the perturbation theory. The Mn-O-O lated h . b h — .
angle 6 is about 135° for SMn,O,, while the Mn-O-Mn bond is 'S rélatéd to the Heisenberg exchange paramktgpearing

o in the standard expression for the Heisenberg Hamiltonian
close to 180°. > =

H=-J3;S S via the equation),=4JS%

resistivity p./pap,=0ap/0:~40 in qualitative agreement
with the experimental value of 1001° A. Intralayer and intrabilayer exchanges: Mn-O-Mn case

Consider first the intralayer and the intrabilayer magnetic
IV. EXCHANGE INTERACTION exchanges) andJ’ (Fig. 1), which are mediated between
two Mn atoms via O(3) and (@), respectively. There are

The magnetic structure of $Mn,O; is shown in Fig. 1 just two relevant parameters in the Hamiltonian, viz., the

The exchange interactions can be explained within a SUpeoxygen to manganese charge-transfer enetgyE(d‘p®)
exchange model involving either the triatomic Mn-O-Mn CE(Pp®~5 eV and the Mn-Ct.. hoooi trix ele-
path for the intralayer and the intrabilayer exchanges or the (d°p .) €V and the Mn-tpq, NOPPING matrix ele
tetratomic Mn-O-O-Mn path for the interbilayer exchange.ment which we denote by~—1 eV.

Throughout this paper, we denote the intralayer, intrabilayer tStralgEFt I\l/lsr(l—O—Mn bﬁnd F.or a St.ra'??rt] bond, sm(;:?hthe
and the interbilayer exchange interactions between the M ctive orbitalsnonzero hoppinpare just the Og,) and the

2__ H i _
atoms byJ, J’, andJ”, respectively(see Fig. 1 n(z-—1) orbitals, in the FM case we have two®)J elec

To describe the exchange, we consider the foIIowingtronS' taking both spins into account. There are three spin-up

Hamifonian model nvoling he M and OF) elecrons, 0 41% 276,90, S Sour ol avalable o e eec
with the t,4 spins treated as core: ' 9 9 b

(3C,xC,). The basis set is explicitly}100), |010), and
|001), corresponding to the lone spin-up electron occupying
H=2 €uMiat 2 tiajp(CluyCipet H.C) either the Op) or one of the two Mnd) orbitals. The spin-
fa iajpo down electron can only be on the @( orbital in the FM
case due to the infinitd, . The Hamiltonian is then simply
+Udz ni(ni—l)—JHE S .o;. (1)  the 3X3 matrix:
| I

Herei, a, ando are, respectively, the site, orbital and spin

0
indices,c! s the corresponding electron creation operator, Hip=| t
t

t ot

iao A 0F. 3
€,,'S are the on-site energied,; is the Coulomb energy on
the Mn site, andl, is the Hund’s rule exchange energy. We

shall, for simplicity, takeJy;= so that only thee, states The ground-state energy is then given by

parallel to thet,, spin at a Mn _site can be pccupied. ;ﬂlag E;=(A- AT+ 8t0)/2. @)
electrons are treated as classical core spins denoté& dly

theith site. Hopping is allowed between Mgy and O@) For the AF of the Mn spins, we obtain the following
orbitals at the nearest-neighbor sites. Hamiltonian:
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0Ot t o0 5 .
t A 0 t I J
Hy = 5
& 0 A t | ®
=~ 10
0t t 2A 3
where the four basis states in the configuration space are "53
taken in the order:|pT1pl>1 |le!pl>! |pT=d2~L>1 and - 51
|d;1,d,]), with d;,d, denoting thez?—1 orbitals on the
two Mn sites. Diagonalizing the Hamiltonian matrix, we find - Y
the AF ground-state energy to be _J__’______,,_..J_——
o4 .
17} 2m/3 5m/6 n
E; =A—JA*+4t% (6) 9
The exchange energy is obtained by taking the difference FIG. 8. Intralayer and intrabilayer exchange interactidrend
between the two ground-state energies Edsand (6): J’ calculated from Eq(8) and interbilayer exchang# calculated
using Egs(2), (11), and(13). The magnitude 08" is considerably
Jintra=€— (A + e+ 4t2)/2, (7) less as compared to the intralayer exchanges since the former in-

volves a longer superexchange path with four atoms. Parameters
where e=\JAZ+4t% and Jj,, stands ford or J'. Note that — are:A=5 eV, ty4,=—1 eV, tp,,=1 eV, andt,,,=—0.25 eV.
the expression fod;,, is always positive indicating an anti-

ferromagnetic interaction irrespective of the magnitude ofy1\.0(1) bond (1.947 A) than Mn-G8) (1.895 A) via

the electronic parameters. _ which the two exchanges are respectively mediated.
Bent Mn-O-Mn bondEven though in the present com- — 1pe cajculated values of andJ’ as a function of the

pound, we have a more or less straight bond, it may deviatBond angled are shown in Fig. 8. For the set of parameters
markedly from a linear bond for other members of the seriesy _c oy t=—1 ey and #~180° we find J

In G"eWt_Of ]Ehlst,hwe genefrallée Ehbe rle_Jl_lti_Of :P‘e I\F;Iregoll\J/IS: 12.9 meV and)’=9.1 meV. In the calculation of’, t
Eu Zec |o|n ?r be; case ofa %n. ona. 'Ia Ing the vin- b Was reduced according to tde "2 scaling mentioned above,
onad angie to bey, we proceed In a simifar manner as be-, jja )| other parameters were taken to be the same.

fore.
For the bent bond, one more @)( orbital in addition to
the O(pz) orbital getS inVOlVed, making the Configuration B. |nterbi|ayer exchange: Mn-O-O-Mn case

space somewhat larger than for the straight b@iddimen-

sional for the FM case and nine dimensional for the AFb We now turnd.to the mterbllayerlexch%ngé, Wh'cg.f;s
case. However, the two Hamiltonians can still be diagonal- PEtWeen two adjacent Mn atoms located on two different

ized analytically. The result for the exchange energy is bilayers as shown.in' Fig. 1. Since the superexchange path is
now longer, consisting of four atoms, we expect the ex-
1.2 T_1pd 112 change to be much weaker. In fact now the exchange inter-
Jinea= €~ [+ &'~ 18 cos'1 2, ® action occurs only in the sixth order of the perturbation
which is again always positivéantiferromagneticirrespec-  theory, as opposed to the fourth order in the previous case.
tive of the parameters. In the limit of the straight borgl ( Experiments indeed indicate the interbilayer coupling to be
=), this expression can be shown to be equivalent to Egabout two orders of magnitude smaller than the intralayer
(7) after some algebra. Taking the lintitA <1 in the above ~coupling:®
equation, we obtain the result of the fourth-order perturba- We assume that all four atoms in the superexchange path
tion theory: are in the same plane, which is a good approximation for
SrsMn,0,, and neglect all hoppings that are not crucial to
Jintra= 2t*/ A3X cog 6. (9)  the exchange, retaining only tiee— p, andds,2_;—p, hop-
. ) o ping channels. For the FM orientation of the two
The e}bove t_hus exp_lams the ant!ferromagnetlc sign of Both spins, the Hamiltonian in the six-dimensiondiCyx 2C,)
andJ’ consistent with the experimerits. configuration space is given by

To the best of our knowledge the magnitudes) @indJ’
for Sr;Mn,0; are not known experimentally. However, spin-

wave measurements for a related compound in the 0 0 t t 0 O
Ruddlesden-Popper series with 40% La doping indicates 0A O t 0 0

to be substantially lower than) (J=9 meV and J’

~3 meV)® We expect a similar scenario for the present t 0 A 0 t -

compound based on the differences of the Mn-O bond Hpp= t t 0 A 0 t |’ (10
lengths, since th@d tight-binding matrix elements vary as ,

d~ "2, d being the distance between the two atdh3he 0ot 0 A O

reduced value o’ compared td is consistent with a longer 0O 0 -t -t 0 2A
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where we have taken the Mn-O hoppitbgt,s2 1=ty4,  terbilayer exchange interaction only includes contributions in
and the O-O hopping’Etz_z=tpp,,cos°-6+tpp,,sin20, 0 being  energy that are at least of the sixth order in the perturbation
the Mn-O-O angle shown in Fig. 7. The ground-state energyheory.
is In Fig. 8, we show the calculated values of the exchange
J” as a function of the Mn-O-O bond angtfrom diago-
Ej =A—[A2+ 72+ J16A%Z+ (A%Z— 72)2]12 2, nalization of the Hamiltonian10) and (12). Note that for
(1) sKMN,0,, angled is in the vicinity of 135°, so thaf” is
where 7= \4t2+t'2. For the AF case, the Hamiltonian is substantially diminished from the straight-bond result. The

given by weak magnitude of” is borne out by experiments, where
the measured value df is as small as 0.06 me¥.
Hy, Now the crystal structure is such that the antiferromag-
netic exchanged, J’, andJ” cannot all be accommodated at
O -t 0 0 0 0 -t 0 0 the same time leading to spin frustration. Since the intrabi-
-t At 0 O 0O O -t O layer exchanged andJ’ are much stronger compared to the
ot A 0 0 0 0 0 -t interbilayer exchangd”, the Mn moments assume an AF
ordering within the bilayer, while as seen from Fig. 1 only
o 0 0 A -t 0 t 0 O half the Mn-Mn ordering between two Mn atoms belonging
-l o 0o o -t 2A t 0 t o0 to neighboring bilayers are AF, the other half being ferro-
, .| magnetic. Spin frustration can be removed by making the
0 0 0 t 2A 0 0 t two equivalent Mn-@2)-O(2)-Mn interbilayer superex-
-t 0 0O tt 0O 0 A -t O change paths nonequivalent, by either a small structural
0O -t 0 0 t 0 —t 2A t change affecting the Mn-O distances or by the presence of
electron hopping beyond the nearest neighbor. The observed
o 0 -t 0 0 t 0 t 2A magnetic structure is therefore consistent with a wéaks

(12)  found from our results.

Diagonalizing this with Mathematic&®, we get the AF
ground-state energy: V. SUMMARY

E. —4/3x{A— A’ B° 3 1 In summary, we have studied the electronic structure of
11 =4{A ~a cog yaaT- B 3ED]} (13 the bilayer perovskite $Mn,0; from density-functional cal-

where a?=A%+3(t2+1t'2) and B3=2A%+9A(t2—2tr2).  culations. The band structure indicates a large mass anisot-
From numerical diagonalization, we have verified that thisropy for both the conduction as well as for the valence
expression is valid for typical values of the Hamiltonian pa-bands, leading to a strong anisotropy in resistivity for
rameters. An eigenvalue with a different analytical expressamples with doped carriers within the relaxation-time ap-
sion may become the lowest eigenvalue for very differenfproximation. We have also found a large resistivity anisot-
parameters. ropy in the ferromagnetic metal La$in,0O; from band cal-

The interbilayer exchang@’ is the difference of the two culations. The calculated anisotropy thesg/p,,~ 40, is in
ground-state energies as before. In the limit of<A and  qualitative agreement with the experimental value~df00.
taking t=t’ for the sake of argument]” is given to the The magnetic structure in §¥n,0; is consistent with the
lowest order in hopping by the expression antiferromagnetic superexchange, with the interbilayer ex-

, — change being much weaker as compared to the intrabilayer
J'=Ey—Ey ~ /A%, (14 exchange. The electronic structure is similar to that of the
which is a much weaker exchange as compared to the intr@erovskite CaMng), although the magnetic structure of
|ayer exchanges_ SrganO7 is much richer.

Unlike the case of the intralayer exchange, there is no
contribution to the interbilayer exchange in the fourth-order
perturbation theory. This is easily understood since there is
no fourth-order process that would take an electron from one This work was supported by the U. S. Department of En-
Mn(3z?—1) orbital to the other and back. Therefore the in-ergy under Contract No. DOE FG02-00E0045818.
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