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INFLUENCE OF THICKNESS ON MAGNETIC PHASE
TRANSITIONS IN THIN DYSPROSIUM FILMS")

J. DUDAS$?), A. FEHER®), M. KONC?), Kofice

Electrical resistance of thin dysprosium films has been studied in the temperature
range from 4.2 K to 300 K. The decrease of the Néel temperature with decreasing
thickness has been observed in these films of a thickness of 26 nm to 350 nm.

BIMAHUE TOJMMUWHBI TOHKHX XHCHPO3HMEBBLIX ILIEHOK
HA MATHHUTHBIE ®A3OBBIE NEPEXOIBI

B paGoTe uccnepyeTess TeMnepaTypHas 3aBHCHMOCTh YIERBHOTO NEKTPHYECKOrO
COTIPOTHRNCHUS TOHKUX IJICHOK M3 RUCNPO3MS B Hanasone TemmepaTyp or 4,2 K o
300 K. B unrepBane Tonumn 26 — 30 HM NPH yMeHbLUICHAR TOMIHHL] IICHOK TeMnepar-
ypa Heens nounxaerca.

L INTRODUCTION

Dysprosium is a very interesting rare earth metal with two magnetic phase
transitions [1]. Being paramagnetic at room temperature, it orders antiferromag-
netically below the Néel temperature Ty =179 K and ferromagnetically below the
Curie temperature T, =85 K. The papers of Kaul et al. [2] and Cadim and Al
Bassam [3] studied only the size effect of thin dysprosium films ; mainly the papers
[4, 5] dealing with some thin dysprosium films at low temperatures stimulated us to
study the temperature behaviour of these films at low temperatures.

IL. EXPERIMENTAL METHOD

Thin dysprosium films were prepared by vacuum evaporation of the bulk
material (99.98 % pure) onto pre-cleaned glass substrates in a high vacuum coating
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unit with the vacuum ~ 1.3 x107* Pa. They were protected by n.<wno~.wao= of
a sufficient layer of SiO. Electrical contacts were made by WS:BBM_@: of Ag onto
glass substrates ; thin silver wires were cemented in mnnnov:m.a positions by means
of silver paint DOTITE 550. The method of measuring temperature dependences
of electrical resistance is described elsewhere [6, 7).
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Fig. 1. Resistance ratio R/ R, , as a function of temperature for four thin films.

III. EXPERIMENTAL RESULTS AND DISCUSSION

(<o. have studied thin dysprosium films in the thickness range .?oB 26 nm to
350 nm. Four typical temperature dependences of the electrical resistance of these
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Fig. 2. Resistance ratic R/R, ; as a function of temperature for bulk dysprosium.
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films are illustrated in Fig. 1. The temperature behaviour of the electrical resistance
of bulk dysprosium is illustrated in Fig. 2 for comparison. Two magnetic phase
transitions are clearly seen in this figure. The values of T.=92%+0.05K and
Ty =180.5%£0.05 K were estimated using the mathematical method described in
[8]. As we can see from Fig. 1 the onset of the antiferromagnetic spin ordering is
less pronounced on thin films than on the bulk sample. The Ty values of our films
estimated by the method [8] are shown in Fig. 3 as thickness dependence of Ty.
Residual resistance ratio (RRR) of our films decreased with thickness from the
value of 3.0 (for 348.2 nm) to 1.8 (for 26.3 nm); the bulk value of RRR was 52.
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Fig. 3. Thickness dependence of the Néel temper- - / ; ) ;
ature for dysprosium thin films. 100 200 vy 300

The decrease of Ty with decreasing thickness was observed also in [4].
According to [9] the decrease of Ty could be explained by internal stresses arising
in thin films during their preparation. Another possible explanation could be
differences in the impurities in our Dy films. The authors [10] studied the electrical
resistivity of bulk Dy samples and observed the lowest Curie point value for the
sample with highest residual resistivity and vice versa. We have observed increasing

residual resistivity with decreasing film thickness.
The antiferromagnetic to ferromagnetic phase transitions were not observed on
our Rvs.T dependences for thinner films (see Fig. 1). We conclude that the

observed thickness behaviour of Ty of our thin dysprosium films could be
explained by both above mentioned reasons.
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