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Investigation of the effect of uniaxial pressure on antiferromagnetic resonance in
KFe11O17 Crystals

V. N. Vasil’ev and E. N. Matve ko
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The deformation dependence of the resonance field in KFe11O17 single crystals was investigated
by the AFMR method. The measurements were performed atT577 K andn547.52 GHz
for two orientations of the external pressure. The experimental data are discussed in terms of a
model of a very simple easy-plane antiferromagnet taking account of the elastic and
magnetoelastic contributions to the thermodynamic potential. The magnetostriction,
magnetoelastic, and elastic contants are calculated and the results arel51.9431025, B152.75
3108 erg/cm3, andC112C1251.4231013 erg/cm3, respectively. The values of these
constants imply that the origin of the initial gap in the AFMR spectrum is not of magnetoelastic
origin. © 1998 American Institute of Physics.@S1063-7834~98!02403-4#
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KFe11O17 has a hexagonal layered structure, belong
to the space symmetry groupD6h

4 , like that observed in
b-Al2O3.1 Below the Néel temperature 800 K potassium fe
rite is an easy-plane~EP! antiferromagnet.2 In investigations
of the orientational dependence of the low-frequency~LF!
branch of the antiferromagnetic resonance~AFMR! in the
basal plane of potassium ferrite crystals, it was observed
the amplitude and periodicity of the variation of the res
nance field differed from sample to sample.3 It was estab-
lished that this is due to nonuniform strains induced
samples when they are glued to the quartz holder and
residual deformations arising when the solution in a m
cools during synthesis of the crystals. Moreover, the sp
trum of the LF branch of AFMR has an isotropic energy ga
which, just as in other easy-plane antiferromagnets,4 can be
of magnetoelastic origin. For this reason, in the present w
we investigated theoretically and experimentally the effec
uniaxial pressure on AFMR in potassium ferrite.

1. SAMPLES, EXPERIMENTAL CONDITIONS, AND RESULTS

The measurements were performed in an AFMR sp
trometer with a pulsed magnetic field. The measuring sec
of the spectrometer was equipped with an apparatus
made it possible to apply a uniaxial pressure to the samp5

Single crystals grown by spontaneous crystallization from
solution in a melt3 and prepared in the form of 130.3 mm
rectangular wafers with plane parallel end planes were u
as samples. To remove the induced residual strains,
samples were annealed for 7 h at 720 °C inair. The pressure
on a sample placed in a quartz ampul was transmi
through a quartz rod. The ampul itself was placed insid
transmission-type resonator so that the sample was locat
the antinode of the microwave field, whose flux lines we
parallel to the applied pressure and perpendicular to the
ternal magnetic field.
4711063-7834/98/40(3)/3/$15.00
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The deformation dependence of the LF AFMR was
vestigated at temperature 77 K and frequency 47.52 GHz
two orientations of the pressure relative to the crysta
graphic axes:piC6 and piC2 , whereC6 is a six-fold prin-
cipal axis of the crystal andC2 is one of the two-fold axes
passing through opposite sides of the hexagon character
the symmetry in the basal plane. In both cases the exte
magnetic field was oriented in the basal plane of the cry
along the other two-fold axisU2 , which was perpendicula
to C6 andC2 .

It was established that, to within the accuracy of t
measurements, the pressure applied along theC6 axis does
not produce a shift of the resonance field, up to
3108 dyn/cm2. The figure displays the AFMR field versu
pressure applied alongC2 . This dependence can be d
scribed by a linear law.

2. DISCUSSION

The experimental data were analyzed using a phen
enological model of a two-sublattice antiferromagnet w

FIG. 1. Resonance fieldH versus external pressurep applied along one of
the axesU2 .
© 1998 American Institute of Physics
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easy-plane magnetic anisotropy. The thermodynamic po
tial for the experimental crystal can be written, on the ba
of symmetry considerations, in the form

F5FM1FME1FE1FES, ~1!

where

FM51/2~Am2!11/2~a1l z
2!2m•h ~2!

is the magnetic part of the thermodynamic potential, inclu
ing the intersublattice exchange interaction, a second-o
anisotropic invariant, and the Zeeman interaction, resp
tively, m5(M11M2)/2M0 and l5(M12M2)/2M0 are fer-
romagnetism and antiferromagnetism vectors,M i are the
sublattice magnetizations,M05uM1u5uM2u is the saturation
magnetization of the sublattices~the latter equalities are
equivalent to the conditionsm21 l251 andm• l50!,

FME5B1~UXXl X
21UYYl Y

212UXYl Xl Y!1B2

3~UXX1UYY!l Z
21B3UZZl Z

21B4~UXZl Xl Z

1UYZl Yl Z! ~3!

is the magnetoelastic part of the potential,Bi are magneto-
elastic constants,ui j are the strain,

FE5C11~UXX
2 1UYY

2 !/21C12UXXUYY1C13~UXXUZZ

1UYYUZZ!1~C112C12!UXY
2 1C33UZZ

2 /2

12C44~UXZ
2 1UYZ

2 ~4!

is the elastic part of the potential,Ci j are the elastic con
stants,

EES52s i j Ui j ~5!

is the potential of the external stresses,s i j 52upua ia j is the
stress tensor, anda i anda j are the direction cosines of th
pressure vector. All phenomenological constants in the
pression for the thermodynamic potential have the dimens
of energy. The effective fields are expressed as follows:HE

5A/2M0 is the effective exchange field,Ha25a1/2M0 is the
anisotropy field,H5h/2M0 is the external magnetic field
and so on. The coordinate system of the problem was cho
so thatXiU2 , YiC2 , andZiC6 .

Let us examine the equilibrium states of the system
an external magnetic field directed alongU2iX, using the
standard procedure of minimizing the thermodynamic pot
tial with respect to the components of the vectorsm and l
and the deformationsui j . For the casepiC6 (s5sZZ) we
have

mOY50, mOZ50, l OX50,

l OY5~12HX
2/HE

2 !1/2, l OZ50,

~UXX2UYY!~0!5B1l OY
2 /~C112C12!,

UXY
~0!50, UXZ

~0!50, UYZ
~0!50,

UZZ
~0!5@B1C13l OY

2 1~C111C12!sZZ#/

@C33~C111C12!22C13#. ~6!

For the casepiC2 (s5sYY) we have
n-
is

-
er
c-

x-
n

en

r

-

mOX5HX /HE , mOY50, mOZ50, l OX50,

l OY5~12HX
2/HE

2 !1/2, l OZ50,

~UXX2UYY!~0!5~B1l OY
2 2sYY!/~C112C12!,

UXY
~0!50, UXZ

~0!50, UYZ
~0!50,

UZZ
~0!5~B1C13l OY

2 2C13sYY!/@C33~C111C12!22C13#.
~7!

Solving the linearized Landau–Lifshitz equations f
small uniform oscillations around a position of equilibriu
and for an external magnetic field directed along the a
U2iX, we obtain for the characteristic frequencies of the
oscillations

~v1 /g!25~12Ha1/2HE!HX
212HEB1

3~uXX2uYY!~0!l OY
2 , ~8!

~v2 /g!25HE@Ha122B1UYY
~0!12B2~uXX2uYY!~0!

12B3UZZ
~0!# l OY

2 . ~9!

In what follows we shall be interested only in the LF bran
of AFMR and the particular cases of the equilibrium sta
~6! and ~7! that are realized in the experiment.

If piC6 , then

~v1 /g!25~12Ha1/2HE!HX
212HEHMS , ~10!

where

HMS5B1
2/2M0~C112C12!5l1B1/2M0 ~11!

is the effective magnetoelastic field of spontaneous defor
tions andl15B1 /(C112C12) is one of four magnetostric
tion constants. In this case the pressure does not affec
AFMR parameters of the crystal, but spontaneous defor
tions make an isotropic contribution 2HEHMS to the initial
gap. The frequency–field relation~10! is formally identical
to the experimentally observed relation

~v/g!25~12Ha1/2HE!HX
21D2, ~12!

whereD54500 Oe is the isotropic gap in the AFMR spe
trum.

If piC2 , then

~v1 /g!25~12Ha1/2HE!HX
212HEHMS1HEHs , ~13!

where

Hs52B1sYY/2M0~C112C12!52l1sYY/2M0 ~14!

is the effective magnetoelastic field of the external stres
In this case there is an external-pressure dependent addit
anisotropic contribution 2HEHs in the AFMR spectrum. It
follows from Eqs.~13! and ~14! that the external stress de
pendence of the resonance field has the form

HX~s!5@HX
2~0!2HEl1usYYu/2M0~12Ha1/2HE!#1/2

'HX~0!2HEl1usYYu/2M0HX~0!

3~12Ha1/2HE!, ~15!
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i.e., just as in the case of rhombohedral easy-pl
antiferromagnets,4,5 it is an approximately linear function o
the applied stress~pressure!.

Thus, in both cases the experimental pressure de
dence of the resonance field is in complete qualitative ag
ment with the theoretical dependence. Comparing the r
tion ~15! with the experimental data in the figure, w
estimated the magnetostriction constant asl151.9431025.
In so doing, we use the computed valueM05706 G of the
sublattice saturation magnetization and the valuesHa1/2HE

50.031 andHE52.753106 Oe obtained from the resonanc
and static magnetic measurements.3,6 Next, using the value
obtained forl1 and making the assumption that the initi
splitting in the LF AFMR spectrum is of a purely magnet
elastic origin~i.e., the frequency versus field relation in th
absence of external stresses is described by Eqs.~10!–~11!!,
we estimated the magnetoelastic and elastic constantsB1

52.753108 erg/cm2 and C112C1251.4231013 erg/cm3. It
is evident from the estimates presented that each consta
approximately an order of magnitude greater than its typ
value for related crystalline oxide compounds.7 If these typi-
cal values~B1;107 andCi j ;1012! are substituted back into
e

n-
e-
a-

t is
l

the expression forHME , then it is found that only a fraction
;1/7 of the experimentally observed magnitude of the g
can be attributed to the magnetoelastic coupling.

In summary, LF AFMR in potassium ferrite is indee
very sensitive to the interaction of the spin and elastic s
systems of the crystal, but the existence of an initial splitt
in the AFMR spectrum cannot be explained only by the m
netoelastic interaction.
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