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Considered is the influence of crystalline structure imperfections in near-surface layer
of easy-plane weak ferromagnet iron borate, FeBO;, on the effects of surface magnetism
observed therein. It is shown that the surface reconstruction and point defects therein
change the surface magnetic properties of the crystal very considerably.

PaccmoTrpeHO BIMAHTE HECOBEPIIIEHCTB KPUCTAJLINYECKOHN CTPYKTYPHI IPUIIOBEPXHOCTHOTO
CJIOf JIETKOILIOCKOCTHOrO cjaboro (eppomarHetuka Gopara ixeinesa, FeBO;, ma adperTn
HabJII0ZaeMoro B HeM IIOBEPXHOCTHOT'0 MarHerusMa. IlokasaHO, UTO PEeKOHCTPYKI[UA IIOBEPX-
HOCTU U HaJW4ue B Hell TOUeUuHBIX Ne()eKTOB BeCchbMa 3HAUUTEJIHbHO M3MEHSIOT HOBEPXHOCTHEIE

MarHuTHbIE CBOMCTBA 9TOTO KpucraJjJja.

A change in surrounding symmetry of
magnetic ions Fe3* at the surface of easy-
plane weakly ferromagnetic FeBO5 crystal
as compared to the volume results in an
excess anisotropic magnetic energy of near-
surface layers [1]. The magnetic moments of
ions in the near-surface area, remaining in
the basal plane, appear “"fixed” in certain
directions. An external magnetic field ap-
plied in the basal plane results in formation
of near-surface transitional magnetic layer
of domain wall type, where the magnetic
moments of ions smoothly rotate from their
orientation in the volume (orthogonal to the
magnetic field) to the orientation at the
surface [2]. Unlike usual ferromagnets, the
surface magnetism in iron borate is well
observable due to specific features of the
crystal magnetic structure. The purpose of
this work is to calculate the critical field
value H, providing the magnetization of the
transition layer to the saturation in the
case when the surface is reconstructed or
contains point defects as vacancies of mag-
netic ions Fe3*. Thus, we will consider the
magneto-dipole contribution to the surface
anisotropy energy.
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A surface is a structural defect, there-
fore, not only magnetic but also elastic in-
teractions must change in the near-surface
area. The latter circumstance results in dis-
tortion of crystal structure in the near-sur-
face area, i.e., partial reconstruction of sur-
face. Since the surface anisotropy energy
and especially critical field, by definition,
depend heavily on the parameter of crystal
lattice [1], the surface reconstruction must
influence considerably these quantities. A
reconstruction is connected usually with de-
creasing distances between near-surface
atoms. To take the surface reconstruction
into account in the theory of surface mag-
netism, let us proceed from the following
simple model. The lattice parameters in a
thin layer formed by a few near-surface
monolayer of magnetic ions differ from pa-
rameters in the volume. These differences
are equivalent to strains which would be
caused by some external pressure. For sim-
plicity, we will consider strains caused by a
hypothetical hydrostatic pressure. Perhaps
such a model does not answer reality com-
pletely, but it allows estimating the degree
of strain influence on values of surface
magnetizing fields.
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Fig. 1. Elementary rhombohedron of FeBOj4
crystal with (1014) type faces: in absence
of external pressure, there is edge length
a,= 5.9& plane angle at a vertex a = 104.2°.

Since hydrostatic pressure does not
change the crystal lattice symmetry, the
same approach as for an ideal crystal can be
applied to calculate the surface anisotropy
energy under pressure [1]. Due to exchange
coupling with magnetic moments in the vol-
ume, the magnetic moments of near-surface
ions Fe3* in an easy-plane antiferromag-
netic crystal practically are essentially in
the basal plane. In this case, the surface
density of the surface anisotropy energy has
the form

c = asing + bsinpcosy, (1)

where a, and b, are the surface anisotropy
constants; ¢, azimuthal angle of antiferro-
magnetic vector, determined in the basal
plane (Fig. 1).

Let us consider the reconstruction influ-
ence on the surface magnetism of iron bo-
rate for (1014) face on which surface an-
isotropy is considerable [1]. To calculate the
energy density (1), the FeBO; rhombohe-
dron with faces of (1014) type was used
with the edge length of 20-g¢,, similar to
that presented in Fig. 1. The Figure pre-
sents the used coordinate system as well.
Here and further, the z axis coincides with
the 3-fold symmetry axis of the crystal, x
and y axes are in the basal plane, the x one
being directed along 2-fold axis and y is in
symmetry plane. The surface anisotropy en-
ergy for this face must be invariant with
respect to reflection in the symmetry plane
yz. This means that b, =0 in (1). The sur-
face anisotropy characteristic to be meas-
ured is the critical magnetizing field of the
transition layer in difficult direction H,,
which for face (1014) has the form [1]

H,=4a2/AM. (2)
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Fig. 2. Dependence of saturation field on the
relative decrease of of elementary (1014)
rhombohedron edge length.

Here A is the exchange parameter for
transition layer; M, the spontaneous mag-
netization of the crystal. The wvariables
characterizing a surface anisotropy and
being determined in the magneto-dipole ap-
proximation, are found to be in a strong
dependence on the edge length of the elemen-
tary rhombohedron a, (Fig. 1): a, ~ a, % H, ~
ar’lo. When calculating these charac-
teristics, the change of the elementary
rhombohedron parameters of (a, and a) was
determined using the strain values caused
by hypothetical hydrostatic pressure:

Ui = =S;;k0k1* Pho (3)

where i,j,k,l = x,y,z (see Fig. 1l); u;; are
components of strain tensor; S;;,;, compo-
nents of compliance tensor; d;, 8-function;
Py, the hydrostatic pressure. Taking into ac-
count the symmetry, we get from here the
expressions connecting the diagonal compo-
nents of the strain tensor:

Upx = Uyys Uzz = 4)
= [(2S13 + S33)/(S11 + S12 + S13) sy

Here S is compliance presented in a ma-
trix form and determined using elastic con-
stants [3].

Using the correlations (4), dependence of
the saturation field H, on the relative
length decrease of elementary rhombohe-
dron edge Aa,/a, was calculated at room
temperature. The corresponding curve is
presented in Fig. 2. It is seen that the ex-
perimental value of the saturation field
H~1 kOe at this temperature can be due to
straining of near-surface layer by about
12 %. We have calculated also the magneti-
zation curves for near-surface layer [2] at
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Fig. 3. Magnetization curves for surface: ex-
perimental (I) [1]; calculated for a crystal
with the unstrained surface (2); calculated

taking into account the surface reconstruc-
tion (3).

T = 300 K for an ideal crystal and crystal
with the reconstructed surface with the
saturation field coincident with the experi-
mental H, value. These curves are pre-
sented in Fig. 3. The experimental magneti-
zation curve is here presented as well [1].

It is well known that a near-surface area
of a crystal may be more defective than its
volume [4]. We have studied the influence
of the near-surface layer defect structure
on surface magnetism. As defects, the va-
cancies of magnetic ions were considered.
Fig. 4 shows the calculated dependence of
the magneto-dipole saturation field H, on
the concentration of vacancies at T =0 K.
Vacancies are assumed to be randomly dis-
tributed in the near-surface area of the
crystal. As expected, the increase of va-
cancy concentration causes a decrease of the
saturation field H,.

Thus, the calculation has shown a strong
dependence of magneto-dipole contribution
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Fig. 4. Calculated dependence of saturation
field on the concentration of defects.

to the surface anisotropy energy and criti-
cal field on the lattice strain degree and
concentration of magnetic ion vacancies in
the near-surface area of iron borate single
crystal. The results of calculation will not
change, if the admixture of diamagnetic
ions in the near-surface area of grate Fe3*
will be considered instead of vacancies.
Thus, the purposeful formation of the men-
tioned defects enables to control the surface
anisotropy to some extent.
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IloBepxHeBUM MATrHETH3M
HeileaJbHOT0 MOHOKpHCTaJia Oopaty 3aJjisa

€.M.Maxcumoéa, I.A.Hayxayvrui, M.B.Cmpyzayvrui

PosrissHyTo BI/IMB HEIZOCKOHAJOCTI KPHCTANMIUHOI CTPYKTYPH IIPHUIIOBEPXHEBOrO IIapPy
JIETKOILJIOIIMHHEOTO ciabKoro depomarseruka Gopary sanxisa FeBO; mHa edexTn mosepxmesoro
Mar"HeTusMy, I[o crocTepiraerbcd y HboMmy. IlokasaHo, 110 PEeKOHCTPYKILidg ITOBepXHi 1 Ha-
fAABHICTH B Hi#l TOUKOBUX Ae(eKTiB 3HAUHO 3MiHIOIOTH MOBEPXHEBI MarHiTHi BJIACTUBOCTI IIHOTO

KpucraJja.
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