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MAGNETIC PROPERTIES OF CALCIUM DOPED YIGYy

s

MARYSKO, M.?) PUST, L..2) PACES., J..?) SIMSOVA, 1.7) ZOUNOVA, F.?) NEVRIVA, M.}
KRUPICKA, S.?) Prague, VOLKOV, V. V..*) Leningrad

The magnetization and cubic anisotropy measurements performed on thin <.~O Ca
films and the bulk crystal suggest that the Fe** ion does not play the dominant role
in the charge compensation and is not responsible for the anomalous dependence

M(T).

L INTRODUCTION

Formerly, the cubic anisotropy of Y;_.Ca FeO,, with x between 0 and oﬁ
was measured on bulk crystals, where the static constant K, was found to be zerp
in contrast to a nonzero dynamic contribution [1]. Recently a considerable
attention has been given to epitaxial YIG:Ca films for which a decrease of
magnetization M, for T — 0 K has been observed [2]. These anomalies wete
explained assuming that the Fe** (d) ions, localized at low temperatures are
ferromagnetically coupled to the Fe’+ (a) ions [3]. An alternative explanation of
these effects based on the assumption that at 7— 0 K the holes become localized
forming the paramagnetic O~ ions has been suggested [4]. As a continuation of
the latter work, we present in this paper some experimental results and discuss
them comparing them with the Fe** (d) model. :

¥

II. EXPERIMENTAL PROCEDURE AND RESULTS

Y;_,Ca, Fe,0,, epitaxial films and bulk crystal were prepared by the LPE and
flux method, respectively, (Pb and Pt content < 0.03). The effective magnetiza-
tion M, and cubic anisotropy constant K, were measured at 25 GHz using the
FMR method and the saturation magnetization M, by means of a magnetometer;
in both cases between 7 and 300 K. The results for M, and M, are shown
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in Fig. 1. and for K, in Fig. 2. In the former case, the ratio p = M (0)[(M ),
Py = M. (0)/(M,;)o) expresses a decrease (p < 1) or an increase (p > 1) of M,
for 7~ 0 K. (The increase has been obserbved only for a larger Ca content [4].)
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Fig. 2 Temperature dependence of K, for the

film with x = 0.15 (4), and the film with x =

= 0.09 (A); the dashed curve represents the de-
pendence K, (T) for YIG.

Fig. I Dependence of the ratio p(O) and p, 7 (®)

on the Ca content; (O) the value of p evaluated

for the bulk crystal. The dashed line corres-
ponds to the function p = 1 — (9/5)x.

II1. DISCUSSION

The decrease of p and p,, with increasing x has been explained by the
occurrence of either the Fe'* (d) ions [3] or of the O~ ions [4]. In both cases the
dependence p(x) should be given approximately by the line p=1 — 9/5)x
so that it is not possible to decide between these two models. This can be
rather done by inspecting the cubic constant K,. The contribution AK, = K, —
— K, (YIG) extrapolated to T = 0 K is positive or negative but its magnitude
4K, (0) is less than avout 1.5 x 10° J/m?; similar results are in [5]. (Let us note
that the constant X, involves a dynamic contribution, which may be according
to [1] e.g. 5 x 10> J/m’.) This result will be now compared with theoretical
estimates of the contribution AK,(0) due to the Fe** ion (Tab. 1). We may
conclude from it that the concentration of the Fe** ions, if any, is much less than
the Ca content x (approximately one fifth). It seems therefore that the Fe** ion
does not play the dominant role in the charge compensation and also cannot be
responsible for the magnetization anomalies. In order to support these
conclusions, it would be useful to refine the theoretical calculation of AK, for
the Fe** ion.
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Table 1

Estimated single-ion contributions of the Fe'* ionto X, in YIGat 0K {6]; the data for the 1.."@ :
(d) ion with the lowest orbital singlet — have been calculated according to the works [7], [8), takif:

gBH, =150 cm~' and A = 125 cm ™! (after the covalent reduction by the factor 0.8).

T T
. ground | t level AK,(0) AK, (0) due to Fej?
site term RwEsL. oV [em~!/ion] [10° J/m?]
d T, orbital doublet —85 —711
d T, orbital singlet -0.5 ~4.2 :
a T orbital singlet 3 25
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MATHUTHBIE CBOMCTBA XUI" C JAOBABKOW KAJILMA

H3mepenns namarnnvennocta u KybuuecKko#f aHH3OTPORHH Ha TOHKMX MNeHKax H MaCHBHOM .

kpbictanne JXUT :Ca nokaswisaror Ha To 4T0 HoH Fe'* ne JAOMHHUDYET NpPH KOMIICH3aLUH 3apsiaa
¥ HE SBJIAETCS HCTOYHUKOM aHOMAJILHOM 3aBucuMocTH M (T).
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