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Growth and magnetic properties of multiferroic La,Bi;_,MnOj; thin films
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A comparative study of La,Bi;_,MnOj thin films grown on SrTiOj; substrates is reported. It is shown that
these films grow epitaxially in a narrow pressure-temperature range. A detailed structural and compositional
characterization of the films is performed within the growth window. The structure and the magnetization of
this system are investigated. We find a clear correlation between the magnetization and the unit-cell volume
that we ascribe to Bi deficiency and the resultant introduction of a mixed valence on the Mn ions. On these
grounds, we show that the reduced magnetization of La,Bi;_,MnOj thin films compared to the bulk can be
explained quantitatively by a simple model, taking into account the deviation from nominal composition and
the Goodenough-Kanamori-Anderson rules of magnetic interactions.
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I. INTRODUCTION

During the past few years, an important interest has raised
towards multiferroic materials.! Multiferroics are compounds
in which several ferroic orders coexist and can be simulta-
neously ferro-or antiferroelectric as well as ferro-or antifer-
romagnetic (AF). This multifunctional character may open
the way toward other applications in storage media and rep-
resent a viable approach to the design of logic architectures.?

Perovskite BiMnO; (BMO) is a ferromagnetic (F)
insulator®* for which a ferroelectric character has been
claimed.>” BMO has a heavily distorted monoclinic struc-
ture (C2 space group, a,,=9.54 A, ¢,,=9.86 A, b, =5.61 A,
a,,=3,,=90°, and v,,=110.7°, where m is for monoclinic),?
which can also be represented in a pseudotriclinic system
(a,=¢,=3.93 A, b,=3.99 A, a,=v,=90.4°, B,=91.4°, where
t is for triclinic). Interestingly, it is the only manganite show-
ing a ferromagnetic order (Curie temperature T-=105 K, see
Refs. 3, 4, and 8) with a single 3+ valence on the Mn site.
This behavior is, indeed, unprecedented as all nondoped
manganites are antiferromagnetic. For instance, the LaMnO5
system displays an A-type antiferromagnetic order’ despite
the fact that La is isovalent to Bi and has roughly the same
ionic radius.'” In LaMnO;, the degeneracy of the Mn e, lev-
els is lifted by a static Jahn-Teller effect, which causes a
cooperative orbital ordering in the (b,c) plane of the perov-
skite structure.

While an equivalent mechanism occurs in BMO, Bi 652
lone pairs'' play also a crucial role because of their
high stereochemical activity triggering a specific three-
dimensional (3D) orbital ordering of the Mn d,>_> orbitals.'?
As a result, ferromagnetic superexchange paths between
neighboring Mn are favored over the antiferromagnetic ones.
This exotic orbital ordering has been recently characterized
by precise structural refinements using neutron diffraction on
bulk samples'> and by resonant x-ray scattering on thin
films.!?

BMO is a highly metastable compound in bulk form and
its fabrication requires extreme conditions.* Nevertheless,
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BMO can be grown in thin-film form by means of epitaxial
stabilization techniques with a pseudomorphic growth.'* An
additional approach in the stabilization of this compound is a
slight La substitution (10%). Few groups have studied the
physics of solid solutions of LaMnO; and BiMnOj,
perovskites.!>!¢ According to Troyanchuk et al.,' the phase
diagram of La,Bi;_,MnO; shows two main regions. For
x>0.35, the compounds are weak ferromagnets. For larger
Bi concentrations, these authors state that the system is most
likely a mixture of ferromagnetic and antiferromagnetic
regions. The spontaneous magnetization grows sharply on
going from x=0.2 to x=0.1, and shows a structural
phase transition from orthorhombic to monoclinic. Bulk
LagyBipoMnO; (LBMO) has a T of about 95 K (Ref. 15)
and is, therefore, structurally and magnetically very similar
to BanO3

A few groups have reported on the growth and magnetic
properties of BMO in thin-film form.%!7-2! Particularly puz-
zling is the recurrent observation of a reduced magnetization
in BMO films compared to bulk, which has been tentatively
ascribed to strain effects.!829 Yet, none of these studies have
addressed the issue of the reduced magnetization of the
samples after a detailed structural and compositional charac-
terization.

In this article, we report on the epitaxial growth of LBMO
films on (001) SrTiO; (STO) in a narrow range of
temperatures (600—650 °C) and pressures (5X1072-4
X 107! mbar). In agreement with previous reports on BMO
films,!718:2021 magnetization measurements reveal that the
films have a fairly reduced moment with respect to the bulk
value. We find that this moment is clearly related to changes
in the unit-cell volume rather than to strain effects. The
variation of the unit-cell volume likely reflects the presence
of Bi vacancies as this species is strongly volatile. We, thus,
propose a simple scenario explaining the decrease of the
magnetization by the presence of Bi vacancies that disrupt
the 3D orbital order and modify the Mn valence. A quantita-
tive agreement with the data is obtained and this picture is
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supported by x-ray magnetic circular dichroism (XMCD)
measurements.

II. EXPERIMENT

The films used in this study have been grown by pulsed
laser deposition using a KrF laser (A=248 nm) at a fre-
quency of 2 Hz and with a fluence ranging from
1.3 to 2.2 J/cm? (Ref. 22). The target was a pressed pellet
from a stoichiometric mixture of La, Bi, and Mn (relative
La:Bi:Mn ratio: 1:9:10) oxides positioned at 5 cm of the sub-
strate and rotating at 0.8 Hz during growth. (001)-oriented
STO single crystals were used as substrates. They were glued
on the substrate holder by silver paste and brought to growth
temperature T with a resistive heater. The temperature was
measured during the whole process with a platinum-rhodium
thermocouple embedded in the substrate holder. The growth
pressure Po, was varied from 0.01 to 0.4 mbar of pure oxy-
gen.

STO is a cubic perovskite with a unit-cell parameter of
3.905 A. Since no structural study has been published on
bulk LBMO, the precise mismatch between LBMO and STO
cannot be calculated, but it is expected to be close to that
with BiMnO; (-0.63% for a, and ¢,, —2.1% for b,). X-ray
diffraction (XRD) experiments have been carried out with a
Philips MRD system, with the Cu Ka radiation. Magnetic
measurements have been performed with a Quantum Design
superconducting quantum device interferometer, at tempera-
tures ranging from 10 to 350 K, and with fields up to 55 kOe
applied in the plane. Emery paper was used to remove the
silver paste from the back of the substrate prior to the mag-
netization measurements. The diamagnetic signal due to the
substrate was corrected by measuring the high-field suscep-
tibility of the sample at 150 K, beyond the 7 of LBMO.
Chemical characterizations were realized by Auger spectros-
copy using an ESCALAB system on the Bi-QVV, Mn-LMM
transitions. X-ray absorption spectroscopy (XAS) and
XMCD measurements were carried out at the SU23 line of
the Laboratoire pour I’Utilisation du Rayonnement Electro-
magnétique (LURE), Orsay, France.

III. RESULTS

A. Phase diagram

Figure 1(a) shows 26-w XRD patterns of 30 nm LBMO
thin films grown between T4=575 and 675 °C. At 575 °C,
the diffraction curve displays numerous peaks characteristic
of the presence of Bi-rich phases, namely, a-Bi,O; and
B-Bi,05. In contrast with low-temperature growth, diffrac-
tion patterns of films deposited at 675 °C reveal peaks at
38.0° and 81.8°, corresponding to the (004) family of reflec-
tions of the haussmanite (Mn;0,) phase. No spurious phases
are visible on XRD patterns for films grown at 625 and
650 °C. For these temperatures, the diffraction patterns yield
only LBMO (0k0), reflections which shows that the films
grow epitaxially with the b, axis out of plane. Such a growth
orientation is preferential because the mismatch of the STO
substrate with the b, axis of LBMO is larger than with the
corresponding a, and ¢, axes. It is worth to mention that the
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FIG. 1. (Color online) (a) XRD spectra for five films grown at
1.107! mbar and different temperatures. (b) Spectra for three films
grown at 625 °C and different pressures. The peaks are indexed as
B, LBMO:; S, STO; », 3-Bi,03; O, a-Bi,05. Vertical dotted-dashed
and dashed lines correspond to the position of the diffraction peaks
of LBMO and Mn30y,, respectively. (c) Pressure-temperature phase
diagram for LBMO thin films with a nominal thickness of 30 nm.

texture of the films is the same as that of the substrates, as
shown on the ¢ scans of the Fig. 3(d). In these scans, no
doubling of the (130), LBMO peaks from an eventual twin-
ning could be resolved, which suggests that the LBMO has a
tetragonal unit cell in these films.

Diffraction patterns of films grown at a fixed substrate
temperature Tg=625 °C and different oxygen pressures Po,
are shown on Fig. 1(b). Films grown at 102 mbar dlsplay
the characteristic peaks of the Mn;O, phase. For films de-
posited at higher pressures (P02>5 1072 mbar), only the
LBMO (0k0), reflections are detected.

These characterizations are summarized in the phase dia-
gram of Fig. 1(c). The temperature range for good quality
film deposition is rather narrow (less than 50 °C). This is
likely to result from the high volatility of Bi which is an
issue for numerous Bi-based compounds, largely reported in
the literature.>>?> Thus, the apparition of Mn;O, at high
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FIG. 2. SEM image (a) and corresponding AES mappings for
Mn (b) and Bi (c).

temperatures is probably the result of the formation of Bi
vacancies in the perovskite structure. Interestingly, such clus-
ters of Mn-rich spurious phases have already been found to
occur in the La;_MnOj; system for x>1/8 (Ref. 26) and
ascribed to the collapse of the perovskite structure. We note
that a very recent paper has also reported the presence of
Mn;0, inclusions in BMO films grown at low pressure,?! in
agreement with our results.

On the opposite part of the phase diagram, i.e., at low T
and/or high Po,, Bi oxides form. The same occurs in films
deposited at optimal Tg and Po, but higher laser frequencies
(10 Hz, not shown). The formation of Bi oxides is thus prob-
ably the result of insufficient mobility at the surface of the
sample. We note that our growth conditions are different
from those reported by Eerenstein et al.?’ for pure BMO
films (75=450 °C and Py, = 1.107% mbar). However, the lat-
ter are not inconsistent with the phase diagram of Fig. 1(c),
since low pressure allows to maintain a high energy of the
species on the surface of the substrate at low deposition tem-
peratures and thus limit both Bi evaporation and the forma-
tion of Bi oxides.

B. Compositional analysis

Scanning electron microscopy (SEM) with Auger electron
spectroscopy (AES) analysis was used to map the chemical
composition of samples grown at 625 °C and 1.10~" mbar,
i.e., in the middle of the growth window. Composition map-
pings of Mn and Bi are, respectively, represented on Figs.
2(b) and 2(c). A SEM micrograph of the corresponding area
is also shown on Fig. 2(a). These characterizations reveal
inhomogeneities of Mn concentrations with the notable pres-
ence of 50—100 nm wide Mn-rich clusters. These areas co-
incide effectively with Bi deficient areas of Fig. 2(b). Such
clusters are thus likely to be composed of a Mn oxide, un-
detected by XRD. A numerical treatment of the contrast of
the image of Fig. 2(c) reveals that the quantity of clusters
with respect to the rest of the film amounts to about 12%.

C. Structural determinations

In order to obtain more precise structural information on
the LBMO phase, additional XRD measurements were per-
formed. An enlargement of the (020), reflection of the
LBMO close to the STO (002) peak is shown in Fig. 3(a) for
films grown at 1.10~! mbar and different temperatures. The
(020), LBMO peak is shifted from 45.61° to 45.91° when the
deposition temperature varies from 600 to 650 °C. This cor-
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FIG. 3. (Color online) (a) 26-w symmetric XRD scans close to
the (020), reflection of LBMO and (002) reflection of STO for three
30 nm films grown at 1.10~" mbar and different temperatures. (b)
Reciprocal space map close to the (240), reflection of LBMO and
(204) reflection of STO for a film grown at 625 °C. r.l.u. is for
reciprocal lattice units. (¢) Evolution of the LBMO unit-cell param-
eters with the growth temperature. (d) ¢ scan of the (013) reflection
of the STO substrate (bottom panel) and the (130), LBMO reflec-
tion (top panel) for a film grown at 625 °C.

responds to a decrease of the LBMO out-of-plane parameter
from 3.97 to 3.94 A. To check if this variation is accompa-
nied by a change in the in-plane parameter, reciprocal space
maps (RSMs) were collected. A RSM close to the (240),
reflection of a film grown at 625 °C is shown on Fig. 3(b).
The LBMO (240), reflection appears at the same value of the
in-plane reciprocal lattice parameter as for the (204) reflec-
tion of the STO substrate, which indicates that the film is in
a fully strained state. By performing the same analysis for
films grown at 600 and 650 °C, the variation of both the
out-of-plane and in-plane parameters as a function of the
growth temperature has been determined. As can be seen in
Fig. 3(c), the decrease of the out-of-plane parameter with the
deposition temperature is uncorrelated with the value of the
in-plane parameter which stays constant at 3.905 A within
the experimental error. This reflects a decrease of the unit-
cell volume as T increases.

The observed decrease of the LBMO unit-cell volume
with deposition temperature is probably due to a change in
the film composition. A variation of the oxygen concentra-
tion is possible but is not the main factor as the presence of
oxygen vacancies is known to increase the cell volume in the
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FIG. 4. (Color online) Ferromagnetic hysteresis loops at
T=10 K of 30 nm LBMO films grown at 1.10~! mbar and different
growth temperatures. Inset: zoom of the low-field regime.

perovskite phase [as shown for the LaMnOj; system?® as well
as for ferroelectric perovskites, such as BaTiO5 (Ref. 29) and
PbTiO; (Ref. 30)]. On the other hand, a cationic deficiency
on the A site of the perovskite structure could explain the
diminution of the cell volume, as reported for La;_s1;MnO4
(where & is the concentration of vacancies at the A site la-
beled as [1).>! Considering the high volatility of the Bi spe-
cies, it is reasonable to assume that Bi vacancies are present
in our samples and that the concentration of these vacancies
increases with the growth temperature.

D. Magnetization measurements

Magnetic properties of LBMO thin films were measured
with the field applied in plane along the [010] direction of
the substrate. In Fig. 4, we plot magnetization M(H) hyster-
esis cycles recorded at 10 K for 30 nm thick films, deposited
at 1.107! mbar and different temperatures. A clear ferromag-
netic signal is obtained with a maximum magnetization of
312 emu cm™ at 30 kOe for the film grown at 600 °C. This
sample displays the highest magnetization despite some
traces of a nonmagnetic Bi,O; phase on the XRD scans.
Significantly, the magnetization of the films is reduced when
T increases. The maximal value of the magnetization ob-
tained at 600 °C represents roughly half the value for BMO
bulk® (542 emucm™). We note that our films display re-
duced magnetizations with respect to those recently reported
in 100 nm BMO thin films by Eerenstein et al?’
(2.2 ug/Mn, i.e., 330 emu cm™) or in 70 nm BMO films by
Yang et al.'® (2.47 ug/Mn, i.e., 370 emu cm™). Neverthe-
less, these properties are comparable to those reported for
BMO thin films of equivalent thicknesses (30 nm) by Ohs-
hima et al.'® We would like to stress that, although spurious
Mn-rich phases were detected by AES mappings, these clus-
ters [that may be composed of ferrimagnetic Mn;O,4, (M
=220 emu cm >, Ty=42 K, Ref. 32)] represent only up to
~12% of the volume of the film and cannot account for the
drastic reduction of the magnetic moment with respect to
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BMO bulk. Thus, other mechanisms are responsible for the
low magnetization of the samples.

It is noteworthy that M(H) cycles display nonzero suscep-
tibility at high fields and the films are difficult to saturate. As
identical positive slopes are measured along the [100],,
[001],, and [010], directions (not shown) of the LBMO struc-
ture, this behavior is not due to anisotropy effects. This sig-
nals the presence of magnetic disorder due, for instance, to a
competition between F and AF interactions.

IV. DISCUSSION

From the above analysis, several elements point towards a
Bi deficiency in our samples. First, the presence of Mn;O,
spurious phases in the films grown at high deposition tem-
peratures (75>650 °C for P=1.10"! mbar), and/or low
deposition pressures (P=1.10"2 mbar with Tg=625 °C), is
consistent with a high concentration of cationic A-site vacan-
cies of the AMnOj; perovskite structure. This feature can thus
be either due to a large desorption of nonoxidized Bi during
the growth (Bi has a high vapor pressure of ~10~° mbar at
580 °C) or the decomposition of the Bi,O; phase into O,
and Bi, due to an instability of this compound at high
temperatures.33 Second, the volume of the LBMO unit cell is
fairly reduced with respect to that of bulk BMO [60.61 A
(Ref. 3)] and decreases when the substrate temperature in-
creases. This behavior can only be due to the formation of
cationic vacancies, as oxygen vacancies are known to in-
crease the cell volume of the perovskite structure.839 Un-
fortunately, from the experimental point of view, it is diffi-
cult to determine the exact content of Bi species in the
perovskite phase because the former tends to segregate at the
surface of the samples.?*?* It is nonetheless possible to esti-
mate the Bi deficiency & by indirect means, such as the mea-
sure of the cell volume. We can, for instance, assume that the
cell volume of Bi;_s[1sMnOj5 varies in the same fashion as
the volume of the La;_sL1;MnO;5 system for which experi-
mental data are available.! This is reasonable because La
and Bi have similar ionic radii (rp,=1.22 A and B;
=1.24 A).!% By normalizing to the measured bulk value of
BMO, we obtain a linear variation of the BMO unit-cell
volume as a function of & [see inset of Fig. 5(a)].

As it is the specific electronic structure of Bi that is re-
sponsible for ferromagnetism in bulk BMO, it is natural to
expect a Bi deficiency to be detrimental to ferromagnetism.
To get some insight into the relation between magnetization
and Bi deficiency, we plot M as a function of the unit-cell
volume for several LBMO films, see Fig. 5(a) (black
squares). Additionally, the values for two BMO films grown
in similar conditions** (open circles) and bulk BMO have
been represented for comparison. There is a clear systematic
dependence of the magnetic moment of the films on the cell
volume, which is a mark of the strong dependence of the
magnetic ordering on the Bi stoichiometry.

To get more quantitative information, we can calculate the
magnetic moment of Bi-deficient films within a simple
model, taking into account the introduction of Mn3*/Mn**
mixed valence for charge conservation purposes and the cou-
pling of neighboring Mn** and Mn** sites. The electrical
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FIG. 5. (Color online) (a) Dependence of the magnetic moment
of LBMO and BMO thin films on the cell volume. The lines rep-
resent the estimated magnetic moment calculated for a ferromag-
netic ordering considering Mn** ions and Mn** ions around each
Mn** coupled antiferromagnetically to the macroscopic moment.
The inset represents the variation of the unit-cell volume in
La;_s00sMnO3 and Bi;_s§JsMnO; as a function of & (see text for
details). (b) Schematics of the magnetic ordering of the Mn**
around each Mn** ion in the lattice.

charge conservation imposes the LBMO formula to be writ-
ten as follows: Lay Bigo s Mn}*; Mn350;. Hence, each
vacancy introduces three tetravalent Mn neighboring sites.
These octahedral Mn** sites are not subjected to a Jahn-
Teller distortion and thus contribute to a local destruction of
the orbital ordering with the ferromagnetic order locally de-
stroyed as well.

Prior to the calculation of the magnetic moment M(J) of
LBMO, it is first necessary to examine the coupling between
the Mn4+ sites and the first Mn** neighbors. Mn** has a
t2g . configuration and Goodenough-Kanamori-Anderson
rules?% state that a ferromagnetic superexchange occurs
when an empty e, orbital points toward a half filled e, or-
bital, such as d2 on the Mn** site. On the other hand the
same rules predlct an antiferromagnetic coupling when an eO
orbital of the Mn** points toward an empty d,>_,> orbital on
a Mn** site in the direct vicinity. The exchange interaction
between Mn** and Mn** can thus be either AF or F depend-
ing on the local orbital configuration. Assuming a preserva-
tion of the local orbital order of BMO, each Mn** site would
be coupled AF to the surrounding Mn** matrix because of
the occurrence of four antiferromagnetic vs two ferromag-
netic superexchange interactions with the first neighbors. The
situation is more complex when the orbital orientation of the
first Mn* neighbors surrounding each Mn** site is random:
competing F/AF interactions and thus a strong spin frustra-
tion should be expected. In an idealized case, we can con-
sider that in each octahedron composed of a central Mn**
with Mn3* ions on the vertices, some of the Mn?* are still
coupled ferromagnetically to the rest of the crystalline net-
work of BMO. On the other hand, the Mn** as well as sev-
eral neighboring Mn3* shall be considered as coupled anti-
ferromagnetically to the surrounding Mn** matrix.

From the concentration of Bi vacancies o estimated from
the unit-cell volume, it is straightforward to calculate the
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concentration of Mn** corresponding to the cell volume of
our LBMO and BMO films (see the top axis of Fig. 5). By
considering the case of an unperturbed orbital order with
Mn** ions coupled antiferromagnetically to the Mn** matrix,
one obtains the relationship M () (in wg/Mn): M=4-216,
from which we calculate the black curve (n=0) on Fig. 5. Tt
is noticeable that the calculated moment is still too high as
compared to the experimental values. This disagreement is
certainly due to the frustration of the Mn** matrix in the
vicinity of a Bi vacancy. We thus consider the formerly ex-
posed case of an AF orientation of the Mn** site as well as
several Mn®* neighbors coupled AF with the macroscopic
moment of the film, shown in the schematics of Fig. 5(b).
The magnetic moment takes the following form: M=4[1
—3(1+2n)58]-946, where n is the average number of sites
surrounding the Mn** sites that are coupled AF to the BMO
matrix. As shown in Fig. 5(a), the calculated moment for n
=1 and n=2 is still overestimating the experimental data,
while for n=3 the theoretical curve is in rather good agree-
ment with the magnetic moment of our BMO and LBMO
films. If we allow n to take noninteger values, the best fit is
obtained for an average number of n~ 2.8 AF-coupled Mn**
neighbors.

This very simple model is thus able to provide a semi-
quantitative description of the magnetization of the films by
taking into account the local destruction of the orbital order-
ing of the Mn** d_ orbitals around Mn** sites, the latter re-
sulting from the presence of Bi vacancies. The resulting de-
struction of ferromagnetism appears to be more drastic in
LBMO and BMO thin films than for the Bi,Sr;_ MnO;
system’” at low Mn** content (<10%). This is likely to be
due to the fact that Bi vacancies produce a long-range de-
struction of the orbital ordering, while the perturbation re-
sulting from Sr substitution of Bi sites is more localized. It is
also worthwhile mentioning that the estimated amount of Bi
vacancies tops 3%—4% in the most Bi-deficient LBMO films
which is hardly detectable with usual chemical characteriza-
tion techniques such as energy dispersive x-ray spectroscopy,
Auger, or x-ray photoelectron spectroscopy.

The presence of two different valences on the Mn site is
clear from the XAS results shown in Fig. 6. Such measure-
ments, shown on Fig. 6, have been performed at 4 K on a
30 nm LBMO thin film grown at 625 °C and 1.10~" mbar.
The XAS spectra at the L; edge show three peaks, which
reflects the concomitant presence of Mn** and Mn** 38 In the
XMCD spectra, a negative contribution from 642 to 646 eV
is recognizable and can be ascribed to the ferromagnetic or-
dering of the Mn>* sites. An interesting feature is the positive
contribution at 644 eV to the XMCD curve, which can be
interpreted as due to the presence of Mn sites with a valence
different from 3+, whose resulting moment points in the di-
rection opposite to the magnetization of the Mn** matrix.
The features of the XMCD spectra reported here resemble
those reported and calculated for a Mn-based molecular su-
perparamagnet (Mn12-ac) in which the moments of Mn**
and Mn** sites are antiparallel.38 It is, thus, reasonable to
assert that the XMCD signal of LBMO films result from a
matrix of ferromagnetically coupled Mn3* sites with inclu-
sions of Mn** sites coupled AF to the latter matrix, which is
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FIG. 6. (Color online) XAS spectra for left and right circular
polarization (¢ and ¢7) and x-ray magnetic dichroic signal re-
corded at 10 K, in a field of 20 kOe with a beam incidence of 45°
in TEY mode.

a strong argument in favor of our model. Finally, we note
that, as in the Bi,Sr;_MnOj; system, the presence of a mixed
Mn valence in Bi-deficient LBMO does noft result in a tran-
sition to a conductive state®® (as opposed to the case of
La,Sr;_,MnO3), which is likely to be related to the distortion
caused by the Bi 65 lone pairs.?

V. SUMMARY AND CONCLUSIONS

The structure and magnetic properties of La;_ Bi,MnOjy
(x=<0.1) thin films have been investigated. It is shown that

PHYSICAL REVIEW B 75, 174417 (2007)

the volume of the films is strongly reduced with respect to
bulk BiMnO; which is ascribed to the presence of a few
percent of Bi vacancies. Furthermore, a clear correlation
between the structural properties and the saturation moment
of the films is evidenced. A simple model based on
Goodenough-Kanamori-Anderson rules is then developed to
explain the reduced magnetization of the films. A good
agreement between experimental data and this model is ob-
tained by taking into account the presence of Mn** sites con-
secutive to Bi deficiency as well as the magnetic disorder
due to the local destruction of the orbital ordering around the
latter sites. Finally, further evidence of an antiferromagnetic
ordering of Mn** in the Mn** matrix of LayBiyoMnOj is
provided by x-ray magnetic circular dichroism measure-
ments. This study emphasizes the strong dependence of the
ferromagnetic ordering of LajBi; oMnO; on the Bi stoichi-
ometry and may provide pathways for the further improve-
ment of the magnetic properties of BiMnOj; thin films.
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