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The deformation dependence of the resonance field in ke single crystals was investigated

by the AFMR method. The measurements were performéio=at7 K andv=47.52 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 ar@4x 10 °, B,=2.75

x 108 erg/cn?, andC,;— C,,=1.42x 10'3 erg/cn?, 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 Physids$S1063-7838)02403-4

KFe ;0,7 has a hexagonal layered structure, belonging The deformation dependence of the LF AFMR was in-
to the space symmetry groupg,, like that observed in Vestigated at temperature 77 K and frequency 47.52 GHz for
B-Al,05.1 Below the Nel temperature 800 K potassium fer- two orientations of the pressure relative to the crystallo-
rite is an easy-planéEP) antiferromagnet.In investigations ~ graphic axesp||Cg andp|C,, whereCg is a six-fold prin-
of the orientational dependence of the low-frequeficly)  cipal axis of the crystal an@; is one of the two-fold axes
branch of the antiferromagnetic resonari@dMR) in the  passing through opposite sides of the hexagon characterizing
basal plane of potassium ferrite crystals, it was observed thdhe symmetry in the basal plane. In both cases the external
the amplitude and periodicity of the variation of the reso-magnetic field was oriented in the basal plane of the crystal
nance field differed from sample to samplé& was estab- along the other two-fold axi&J,, which was perpendicular
lished that this is due to nonuniform strains induced into Cg andCs.
samples when they are glued to the quartz holder and to It was established that, to within the accuracy of the
residual deformations arising when the solution in a meltmeasurements, the pressure applied alongQhexis does
cools during synthesis of the crystals. Moreover, the spechot produce a shift of the resonance field, up to 4
trum of the LF branch of AFMR has an isotropic energy gap,x 10° dyn/cnf. The figure displays the AFMR field versus
which, just as in other easy-plane antiferromagfiatan be  pressure applied alon@,. This dependence can be de-
of magnetoelastic origin. For this reason, in the present worlgcribed by a linear law.
we investigated theoretically and experimentally the effect of
uniaxial pressure on AFMR in potassium ferrite. 2. DISCUSSION

The experimental data were analyzed using a phenom-

enological model of a two-sublattice antiferromagnet with
1. SAMPLES, EXPERIMENTAL CONDITIONS, AND RESULTS

The measurements were performed in an AFMR spec-
trometer with a pulsed magnetic field. The measuring sectior
of the spectrometer was equipped with an apparatus tha
made it possible to apply a uniaxial pressure to the sample.
Single crystals grown by spontaneous crystallization from a
solution in a meft and prepared in the form 0fX0.3 mm §
rectangular wafers with plane parallel end planes were usexs 4.5
as samples. To remove the induced residual strains, th
samples were annealed fo h at 720 °C inair. The pressure
on a sample placed in a quartz ampul was transmittec
through a quartz rod. The ampul itself was placed inside a 16.2 bt 7'0 L 2' e P
transmission-type resonator so that the sample was located i ’ 10%dun Jem? 0 30
the antinode of the microwave field, whose flux lines were P y

parallel to the_ap.plied pressure and perpendicular to the eXG. 1. Resonance fieldl versus external pressupeapplied along one of
ternal magnetic field. the axes,.
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easy-plane magnetic anisotropy. The thermodynamic poten- mgyy=Hy/Hg, mgoy=0, mMg;=0, lox=0,
tial for the experimental crystal can be written, on the basis

of symmetry considerations, in the form loy=(1=H/HHY% 152=0,
F=Fu+FuetFetFes, (1) (Uxx—Uyy) @=(B1ldy—0oyy)/(C11—Cyp),

unere UiR=0. U=0, U{=o,
Fu=1/2Am?)+1/2(a;12)—m-h 2 © )

. . . . . UZZ:(BlCl3IOY_ C130YY)/[C33(C11+ C12)_2C13]-

is the magnetic part of the thermodynamic potential, includ- 7

ing the intersublattice exchange interaction, a second-order ] ) ) o )
anisotropic invariant, and the Zeeman interaction, respec- S0lving the linearized Landau-Lifshitz equations for
tively, m=(M;+M,)/2M, andl=(M;—M,)/2M, are fer- small uniform oscillations ar.oun.d a ppsition of equilibrium'
romagnetism and antiferromagnetism vectdw, are the and for an ext_ernal magnetic flelql qllrected alqng the axis
sublattice magnetization®),=|M 4| =|M.,| is the saturation U2||_X, we obtain for the characteristic frequencies of these
magnetization of the sublatticethe latter equalities are ©Scillations

equivalent to the conditioni?+12=1 andm-1=0), (w1/7)%=(1—Ha/2Hg)H2+ 2HB,;

Frue=B1(Uyyl24+ Uy 242Uy Iyly)+B
ME 1(Uxxlk Yyy xvlxly) 2 X(UXX_UYY)(O)IéYa )

X (Uyx+ Uyy) 24 BaUz 2+ By (Uylyl
XTIz TS Tes A e (@2/7)2=He[Hay— 2BUN+ 2B, (U — Uyy)

+UyAvl 3
YzZ'y Z) ( ) +283U(ZOZ)]|(2)Y (9)
is the magnetoelastic part of the potentid],are magneto-
elastic Constant&]ij are the Strain, In what follows we shall be interested only in the LF branch
) ) of AFMR and the particular cases of the equilibrium states
Fe=Cua(UxxtUyy)/2+ CoUxxUyy+ Cia(UxxUzz (6) and (7) that are realized in the experiment.
+UyyUz2) +(Cyy— C1p) Uy + CaU3,/2 It plCe. then
£ 2C(U2,+ U2, 7 (01/9)?=(1=Ha1/2Hg)H}+ 2HEH s, (10)
is the elastic part of the potential;; are the elastic con- where
Stants' HMS: Bi/ZM O(Cll_ C12)27\181/2M0 (11)

Ees=—0ijUjj ®) s the effective magnetoelastic field of spontaneous deforma-
is the potential of the external stresseg,= —|p|a;«; is the  tions and\;=B;/(C1,—Cy5) is one of four magnetostric-
stress tensor, and; and «; are the direction cosines of the tion constants. In this case the pressure does not affect the
pressure vector. All phenomenological constants in the exAFMR parameters of the crystal, but spontaneous deforma-
pression for the thermodynamic potential have the dimensiotions make an isotropic contributionHH), s to the initial
of energy. The effective fields are expressed as folldws: gap. The frequency—field relatigii0) is formally identical
=A/2M, is the effective exchange fielth,,=a;/2Mg is the  to the experimentally observed relation
anisotropy field,H=h/2M,, is the external magnetic field,

2__ _ 2 2
and so on. The coordinate system of the problem was chosen (0/y)"=(1=Ha/2He)Hy+ A%, (12
so thatX||Uz, Y||C,, andZ||Cs. where A =4500 Oe is the isotropic gap in the AFMR spec-
Let us examine the equilibrium states of the system fokrym.
an external magnetic field directed alohiy|X, using the If p|C,, then
standard procedure of minimizing the thermodynamic poten- ) ,
tial with respect to the components of the vectorsand | (01/7)*=(1=Ha/2Hg)H3+2HgH s+ HeH,, (13
;\gsethe deformations;; . For the cas@|Cq (0=077) we where

Moy=0, Mos=0, lox=0, H,=—B1oyy/2Mo(C11—C1p) = —Noyy2My (14

is the effective magnetoelastic field of the external stresses.

loy=(1—HZHZHY2 15,=0 : . >
oY XTHES 0 102 In this case there is an external-pressure dependent additional

(Uyx—Uyy)@=B,12,/(C11—C1), anisotropic contribution BgH ; in the AFMR spectrum. It
ey vovitm follows from Egs.(13) and (14) that the external stress de-
ud=0, u=0, uP=o, pendence of the resonance field has the form
U5 =[B1C1ddy+(Cirt Crozzll Hx(0)=[HX(0) ~He\ 1| oyyl/2Mo(1—Ha1/2HE) Y2
[C33(Cq11+C1p) —2C43]. (6) ~Hx(0)—Hg\1|oyv|12MH(0)

For the case||C, (o=0vyy) we have X (1—H,/2HE), (15
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i.e.,, just as in the case of rhombohedral easy-plan¢he expression foH,g, then it is found that only a fraction
antiferromagnets? it is an approximately linear function of ~1/7 of the experimentally observed magnitude of the gap
the applied stres@ressurg can be attributed to the magnetoelastic coupling.

Thus, in both cases the experimental pressure depen- In summary, LF AFMR in potassium ferrite is indeed
dence of the resonance field is in complete qualitative agreerery sensitive to the interaction of the spin and elastic sub-
ment with the theoretical dependence. Comparing the relasystems of the crystal, but the existence of an initial splitting
tion (15 with the experimental data in the figure, we inthe AFMR spectrum cannot be explained only by the mag-
estimated the magnetostriction constanhas-1.94x 10 5. netoelastic interaction.

In so doing, we use the computed valMigy=706 G of the

sublattice saturation magnetization and the valdgg/2H¢

=0.031 andHg=2.75x 10° Oe obtained from the resonance *c. A. Beevers and M. A. Ross, Z. Krisd7, 59 (1937).
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