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Angular dependence of magnetization
in axially stressed FeBO; single crystals
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V.Vernadsky Taurida National University, 95007 Simferopol, Ukraine

Magnetization processes in easy-plane weak ferromagnetic FeBO; under magnetic field
H and axial pressure P applied simultaneously in basal plane of the crystal have been
investigated. The absence of expected orientational phase transition on the experimental
curve M (P) has been interpreted as degeneration of two magnetic phases into one in case
of no parallelism between magnetic field and the pressure. Experimental curves M (H) at
fixed pressure for different values of angle between magnetic field and pressure directions have
been constructed. Correlation between the theory and the experiment one can observe in this
case as well.

WccnemoBansl mporiecchl HAMArHMYMBAHUSA JIETKOIIJIIOCKOCTHOTO clIaboro )eppoMarHeTuKa
FeBO; mpu ogHOBpeMeHHOM BO3JeHCTBHMH MAarHUTHOTO mojs H u aKcuaabHOTO AaBiaeHHd P,
IPUJIOKEHHBIX B 6a3MCHOM IJIOCKOCTH Kpuctajiaa. OTCyTCTBHE 0KUZAeMOTr0 OPUEeHTAI[MOHHO-
ro ()a3oBOro mepexoja Ha SKCIePHMEHTAIbHOW KpuBoii M p(P) WHTePIPEeTUPOBAHO KAK BHI-
pOKJIeHNe ABYX MAarHUTHBIX (pa3 B OAHY B clyuae, KOTJa MAarHUTHOe IIOJie W JAaBJieHUE He
mapajienbHsl APYT ApyTy. ITocTpoeHs! sKcnepuMeHTanbHbIe Kpubble M (H) mpu (QuKcupo-
BAHHOM JaBJIEHUU [JIA Pa3jIUYHBLIX 3HAUEHUH yIyIa MeKJy HaIpaBJIeHUAMU IIOJA U JaBle-
HuA. B aTOM ciyuae Takike HabIIOZaeTCA KOPPENALUA MEXKAY Teopueill U 9KCIIEPUMEHTOM.

© 2006 — Institute for Single Crystals

Iron borate, FeBOs, is an easy-plane
weak ferromagnetic. Due to peculiarities of
its crystal and magnetic structure, magne-
toelastic interaction is very pronounced in
this crystal. Therefore, the mechanical
boundary conditions influence considerably
the experimental results. In many cases,
such an influence cannot be measured di-
rectly because of non-controllable experi-
mental boundary conditions. So, to describe
experiment adequately, one has to model
boundary conditions theoretically (see [1]).
In this work, we attempt to model the
boundary conditions experimentally.

Magnetization processes in FeBOj3; single
crystals in the presence of pre-specified
axial pressure values were investigated at
room temperature. For this purpose, we
have synthesized iron borate basal plates of
up to 100 um thickness. The pressures ap-
plied in basal plane were produced by nor-
mal compressing force acting directly on
two opposite faces perpendicular to said
plane. The magnetic field in basal plane
could be oriented at arbitrary angle o to the
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pressure direction. In our previous work [2],
the magnetic field and pressure were mutually
parallel. To provide the angle o variation, we
had to modify considerably the magneto-opti-
cal magnetometer (Fig. 1) used in [2].

Fig. 2a demonstrates experimental pres-
sure dependence of magnetization M y(P) at
fixed magnetic field parallel to the pressure
axis. To explain the Mg(P) curve behavior,
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Fig. 1. Modified magneto-optical magnetome-
ter with axial pressure device: I — the sam-
ple; 2 — Helmholtz coils.
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we used the theory [3]. According to [3],
the magnetization process in a weakly ferro-
magnetic crystal, such as FeBO5, under mu-
tually parallel uniaxial pressure and mag-
netic field includes two phases divided by
spin-reorientation 2nd order transition
(Fig. 2b, curve 1). These phases are the col-
linear and angular ones. However, in ex-
periment, the phase transition is not local-
ized at a point exactly, that may be associ-
ated with inhomogeneous distribution of the
real pressure in the crystal. One more rea-
son of the distinction may consist in not
exact parallelism between the magnetic
field and pressure in experiment.

We have generalized the theory [3] for
the case of an arbitrary angle o. In this
case, the magnetization curves My(H) and
M g(P) are defined by the expressions

PBggHp (M | cos + My sina) x
X (Mg cosa — M| sina) =
=4MCogHM (HMp + HpM),
M, = W% .

Here, Hj is the exchange field; Hp, the Dzy-
aloshinsky field; M, the sublattice magneti-
zation; M, the spontaneous magnetization;
Cge. Bgg are elastic and magnetoelastic con-
stants, respectively. The calculated M g(P)

curves at fixed H for different angles a are
presented in Fig. 2b. Our theory shows that
two said magnetic phases have to degenerate
into a single one if the uniaxial pressure and
magnetic field are non-parallel. Theoretical
curves (Fig. 2b) are in good correlation with
experiment (Fig. 2a).

Fig. 3 presents the experimental (Fig.
3a) and theoretical (Fig. 3b) M y(H) curves
at fixed pressure for different angles a. A
qualitative agreement between the theory
and the experiment is observed in this case
as well. The possible reasons for quantita-
tive differences are inhomogeneous stress
distribution in the sample and inaccuracy of
angle o determination.

We took advantage of magneto-optical
magnetometer use to visualize the sample
magnetic state under axial pressure. Fig. 4
shows the influence of axial pressure on
domain structure of the crystal. The pres-
sure axis is oriented nominally in vertical
(in the plane of the picture) direction. The
magnetic field is absent. The strip domain
structure testifies that said inhomogeneity
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Fig. 2. My(P) curves: experiment (a); theory
(b). o (deg): 0 (1), 2 (2), 7 (3), 12 (4).
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Fig. 3. My(H) curves. o (deg): 0 (1), 10 (2),
20 (3), 30 (4), 40 (5), 50 (6), 60 (7), 70 (8),
80 (9). (a), experiment; (b), theory.

in the stress distribution is nevertheless not
very significant.
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Fig. 4. Influence of axial pressure on domain structure (pressure axis is vertical, H = 0): P =0 (a)
0.35-107 Pa (b), 0.7-107 Pa (c).

KyroBa 3aje:xHicTh HaMarHiueHoOCTI
B aKciaabHO Hampy:keHoMy MoHoKpucraii FeBO;

M.B.Cmpyzayvrxui, C.B.A2ynoe, I.A.Hayxayvruii, H.C.Heneenas

HocaimyxeHo mpollecM HaMarHiuyBaHHSA JETKOILJIOIN[MHHOTO cJaOKoro @epoMarHeTukry
FeBO; mpu ommouwacwiit aii marmiTeOoro mons H Ta akcianbrHOro TucKy P, mpuknageHux y
OasucHill miomuHi Kpucrana. BigcyrHicTs ouiKyBaHOro opiemrariiiHoro ()asoBoro mepexomy
HA eKCIepUMeHTaNbHilt Kpusiit M (P) inTepnperoBaHo AK BUPOJKEHHA TBOX MArHiTHHX (as
B OJHY y BHIIAAKY, KOJU MAarHiTHE II0Jie Ta THCK He € MapajeJbHuMHU oxHe ogHomy. IloOymosa-
HO eKcrepuMeHTanbHI KpuBi My(H) npm (ikcoBaHOMY THCKY AJIA DiSHHX 3HAUeHb KyTa M
HAIIPSIMKaMM IIOJIsI Ta THCKY. ¥ I[IbOMY BHIIQAKY TAKOMK CIOCTEPira€TbCi KOPENAIisd MixK
TEOPieio Ta eKCIePHMEHTOM.
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