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SCATTERING OF CONDUCTION ELECTRONS ON THE
MAGNETIC SPIN
SYSTEM IN THIN DYSPROSIUM FILMS")

J.DUDAS?), A. FEHER?), J. DANIEL-SZAB®?), Koice

The influence of the spin system on the conduction electron scattering in thin
dysprosium films has been studied. The increase of spin disorder resistivity with
decreasing thickness of these films has been observed especially below ~ 120 nm. Spin
resistivity depends on the square of the temperature below 60 K with the transition to the
T>? dependence for T>60 K.

L. INTRODUCTION

The magnetic structure of dysprosium influences the transport properties due to
the direct exchange interaction occurring between the conduction electrons and the
4f electrons [1]. We have studied the scattering of the conduction electrons on the
magnetic spin structure and also in the paramagnetic region, for thin dysprosium
films in the temperature range from 4.2 K to 300 K for the interval of thicknesses
from 26.3 nm to 350 nm.

Il. EXPERIMENTAL METHOD

The preparation of thin dysprosium films and their electrical contacts is
described elsewhere [2, 3]. The thickness of the films was measured by the absolute
optical Tolansky method with the accuracy of *2 nm. Electrical resistance was
measured by using conventional dc method described elsewhere [2] with the
accuracy of +0.05 %. The temperature was measured with germanium and
platinum thermometers from Lake Shore Cryotronics, Inc. by means of an ac
resistance bridge with the accuracy of +0.05 K. The samples were mounted in the
helium cryostat [2] ; the temperature drift was controlled by the Joule heating and
did not exceed 5 K per hour in the vicinity of the magnetic phase transitions.
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IIl. RESULTS AND DISCUSSION

Spin disorder resistivity caused by conduction electron scattering on disordered
magnetic spin, in the paramagnetic region was estimated as follows [1}

Ospin = 0 — Oo — O
where o is the measured value, @ is the residual value and Opn arises from
conduction electron scattering by phonons. The values of g, estimated from this
expression for all the studied films are shown in Fig. 1 as a function of thickness.

The increase of the values of Owin is clearly seen in this figure, especially for
thicknesses lower than ~ 120 nm. The values of Ospin for thicker films are closer to
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the 0, =47.4 X 10~® Qm for the c-axis of single crystal dysprosium and for lower
thicknesses closer to the value g, =61.9 X 10~® Qm for the basal plane of Dy [1].
Therefore we assume the thin dysprosium films to exhibit the preferential
orientation in the c-axis in the substrate plane with increasing thickness. This
assumption could be supported by the anomalies of the temperature dependences
of electrical resistance for our films in the vicinity of the Néel point [3].

Assuming the linear temperature dependence of g,, down to 0.2 T, (Debye
temperature) we estimated the conduction electron scattering on the magnetic spin
structure Q... The temperature dependences of g, are illustrated in Fig. 2 in the
log-log scale for all the studied films as well as for the bulk sample. Analysing these
dependences we found g,,~ T2 in the temperature range from ~45 K to ~60 K
and the T°” type of the dependence of g, for temperatures from ~ 60 K to ~ 80K
for all the studied films. The observed O~ vs. T dependences of our films are in
agreement with our results in the bulk sample. We conclude that in contrast to [4]
we have observed the increase of the Owin With decreasing thickness. Moreover, we
did not find any apparent influence of the thickness on the On vs. T dependence of
our dysprosium thin films.
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Fig. 2. Temperature dependence of the spin resistivity of thin dysprosium films in the log-log scale:
4) for thicknesses of 1 — bulk, 2 — 3482 nm, 3 — 250nm, 4 — 163 nm; b)5— 118.70m, 6 —
97.3nm, 7 — 58.5 nm, 8 — 26.3nm.
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PACCESIHHUE INXEKTPOHOB NIPOBOIMMOCTH HA CIIMHOBOM CUCTEME
B TOHKMX ILUIEHKAX AACIIPO3Ns

B paGore npuseaens: PC3YABTATEE UCCICAOBAHUH BiMAHYS CMUHOBOI CHCTEMBI Ha paccesuue
I 1EKTPOHOB NPOROAMMOCTH B 0bpa3uax TOHKHX naeHOK 13 aucnosus. O6HapyxeHo, 4To cocTas-
roltdd yaeasHoro CONpOTUBIICHMS, obycaosicHuan CNIMHOBOI HEYIIOPANOYCHHOCTHIO, yBETUYH-
BACTCH C yMEHbINEHHEM TOILMHEI TIEHOK 0COBEHHO B 06 1a0TH TomumH Huxe 120 HM. Y aesasHoe
)1EKTpHyeckoe conpoTusienue, obycrosaeHHOE paccesiuenm JICKTPOHOB NPOBOIKMOCTY HA Criy-
HOROH CThykType, pH Temnepatypax nuxe 60K umeer TEMIICPATYPHYIO 3aBUCHMOCTh THA T2,
Kotopas g Temnepatyp snite 60 K nocrenenno EPEXONNT B 3aBHCHMOCTD Tuna 772
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