
SOVIET PHYSICS JETP VOLUME 30, NUMBER 5 MAY 1970 

TEMPERATURE DEPENDENCE OF FERROMAGNETIC RESONANCE IN FILMS 

WITH UNIDIRECTIONAL ANISOTROPY 

N. M. SALANSKif, B. P. KHRUSTALEV, A. A. GLAZER, A. S. MEL'NIK, and Z. I. SINEGUBOVA 

Physics Institute, Siberian Department, U.S.S.R. Academy of Sciences 

Submitted May 31, 1969 

Zh. Eksp. Teor. Fiz. 57, 1524-1527 (November, 1969) 

Results of an experimental investigation of the effect of temperature on the high-frequency susceptibil­
ity and the FMR parameters in thin Mn-FeNi films subjected to thermomagnetic treatment and pos­
sessing unidirectional anisotropy are presented. The measurements were made between room tempera­
ture and the Neel point of the antiferromagnetic layer produced during mutual diffusion of manganese 
and permalloy. The susceptibility and FMR curves are found to assume the shape typical of uniaxial 
films upon transition through the Neel point. It is suggested on the basis of the results obtained that 
the high-frequency behavior of such films is due to exchange ferro-antiferromagnetic interaction. 

THE presence of exchange (unidirectional) anisotropy 
in films of Mn-FeNi subjected to thermomagnetic treat­
ment leads to the appearance of a whole series of new 
properties in film samples.[ 1 - 41 The high-frequency 
properties of such films also possess a number of pe­
culiarities[ 5 • 61 that are absent in usual films with uni­
axial anisotropy. A change in the static parameters of 
such films with temperature was observed in [ 71 • 

This paper presents the results of an investigation of 
the effect of temperature on the high-frequency suscep­
tibility and FMR in the interval from room temperature 
to the Neel point of antiferromagnetic Mn-FeNi. Since 
the Neel point of this antiferromagnet is lower than the 
Curie temperature of the ferromagnetic layer, [ 71 tem­
perature measurements make it possible to trace the 
change in the high-frequency and static properties of the 
films with the gradual decrease in exchange anisotropy 
until it completely disappears. Thus, it is possible to 
isolate the effects arising as a consequence of ferro­
antiferromagnetic interaction. 

The experiment was performed on films obtained by 
the methods described in [ 21 and coated with a layer of 
SiO to prevent oxidation. Such a protective coating al­
lows high-temperature measurements at atmospheric 
pressure. In order to reduce the effect of thermomag­
netic annealing at the time of the experiment, we used 
films obtained as the result of long annealing, and the 
reversing field was applied along the easy axis and 
turned on only for the measurements. 

Figure 1 gives the susceptibility curves (f = 90 MHz) 
at various temperatures taken for a typical film with 
unidirectional anisotropy. Raising the temperature to 
170-190° C did not significantly affect the shape of the 
susceptibility curves/> However, upon further increase 
in temperature, the behavior of the susceptibility 
changes. If in fields greater than He (the right branch 
of the curves) the susceptibility depended weakly on 
field and had a small value, then beginning at about 
200° C a rapid increase in x is seen on approach to the 
field He in the right branch of the curves. At about 

1 l This behavior of the x(H) curves is explained in [ 5 ]. 

823 

FIG. I. Susceptibility curves for 
remagnetization of a film along the 
axis of unidirectional anisotropy at 
various temperatures, 0 C. 
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this same temperature, Hct begins to decrease, which 
is evidence of decreasing exchange anisotropy. This in 
turn leads to a decrease in the thickness of the transi­
tion layer formed after reversing the magnetization of 
the film opposite to the unidirectional anisotropy. [ 5 • 61 

It is just because of this that one sees the increase in 
susceptibility x in the right branch of the curves. For 
typical films with unidirectional anisotropy at 240-
3500 C, the susceptibility curves assume the shape char­
acteristic of ordinary uniaxial films. [ 81 The coercive 
force He of the films then reaches its minimum value, 
and the displacement field Hd becomes equal to zero. 
This is evidence of the disappearance of exchange inter­
action and, consequently, for the attainment of the Neel 
point of the antiferromagnetic layer. The transition of 
the curves x (H) at the Neel temperature to the form 
typical for uniaxial films shows that the specific behav­
ior of these curves below the Neel point is really due to 
exchange anisotropy. 

The behavior of the functions Hd(T) and Hc(T), as 
measured from the curves of x (H) at various tempera­
tures, is shown in Fig. 2. The results obtained agree 
well with the measurements of these functions taken 
from hysteresis loops. [ 7 1 

To investigate the effect of temperature on the FMR 
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FIG. 2 FIG. 3 

FIG. 2. Temperature dependence of Hd (0, 0, 1:!.) and He(., e, A); 
D, •- film I (the same one as in Fig. !); 0, e- film 2; 1:!., A- film 3. 

FIG. 3. Resonant absorption curve (f = 1200 MHz) in an external 
field directed along (-H) and opposite to (+H) the unidirectional aniso­
tropy (a), and the temperature behavior of the resonance parameters (b). 

parameters to films with unidirectional anisotropy, one 
needs to choose a relatively low frequency at which the 
effects associated with unidirectional anisotropy are 
stilllarge.[ 61 With this requirement in mind, we chose 
a frequency in the range 1200-1600 MHz. At such fre­
quencies it is possible, from the FMR curves recorded 
at different temperatures, not only to trace out the tem­
perature dependence of the resonance field, the FMR 
line width, and the magnitude of the susceptibility, but 
also to measure the functions Hc(T) and flct(T), since 
at these frequencies one sees sharp disruptions in the 
behavior of the FMR curves in the fields Hc.[ 6 J 

The temperature behavior of the resonance param­
eters for a typical sample with unidirectional anisotropy 
at 1200 MHz is shown in Fig. 3b (for symbols, see 
Fig. 3a). 

The resonance field Hn during magnetization of the 
film in the direction of unidirectional anisotropy in­
creases monotonically with increasing temperature 
(curve 1), as is also observed in ordinary uniaxial 
films. 2> 

A more complex temperature dependence is obtained 
when the film is magnetized opposite to the unidirec­
tional anisotropy (curve 2). At room temperature the 
resonance field Hr2 for this peak is somewhat larger 
than the resonance field Hn for magnetization of the 
film in the direction of the unidirectional anisotropy. [ 61 

For the given sample the difference Hr2 - Hr1 is about 
4 Oe. 

When the temperature is raised to approximately 
100° C, the behavior of Hn(T) is like that of Hr1(T). 
Since the magnitude of the exchange anisotropy, which 
is characterized by the displacement field Hct, remains 
approximately constant iri this temperature interval (see 
Fig. 2), the difference Hr2 - Hr1 likewise does not 
change (curves 1 and 2 run parallel). Further tempera-

2l Control experiments on the observation of the temperature de­
pendence of the FMR parameters were performed on permalloy films 
of composition 80% Ni, 20% Fe that were deposited in vacuum on a 
glass substrate. 

ture increase leads to a decrease in exchange aniso­
tropy and the difference between the resonance fields 
Hr2 and Hr1 contracts because of the decrease in Hn. 
The decrease in Hn persists up to temperatures of the 
order 240-250°C (the region of the Neel point). On pas­
sage through the Neel point the resonance fields Hr1 

and Hr2 equalize, which is evidence for the disappear­
ance of the unidirectional anisotropy. 

The behavior of curve 3, which characterizes the 
"half-width" of the resonance peak when the film is 
magnetized in the direction of unidirectional anisotropy, 
is analogous to the behavior of the similar dependence 
for uniaxial permalloy films: up to about 140° C the line 
width does not change; upon further heating of the sam­
ple, there is an increase in !:J.H1112. 

The behavior of the curve for !:J.~/2 (curve 4) up to 
about 160-180°C resembles that of curve 3 with the 
only difference that !:J.~/2 > !:J.H/2. This difference, 
as was pointed out in [ 61 , is due to the presence of a 
transition spiral layer when the film is magnetized op­
posite to the unidirectional anisotropy. [ 51 The decrease 
in magnitude of the unidirectional anisotropy as the 
temperature is increased further leads to a reduction 
in the thickness of the transition layer in the ferromag­
net and, consequently, to a decrease in the "half-
width" of the line !:J.~/2. On passage through the Neel 
point the exchange anisotropy disappears, and so, there­
fore, does the transition layer. The magnitude of !:J.~/2 
becomes equal to !:J.H1 /2. 

The disappearance of the transition spiral layer also 
explains the observed dependence ~:J.x/ x = f(T), which 
characterizes the asymmetry of the resonance peaks 
with respect to absorption intensity (Fig. 3b, curve 5). 
As is seen, this asymmetry disappears on going through 
the Neel point. 

Thus, the temperature dependence of the high-fre­
quency susceptibility and of the resonance parameters 
of films with unidirectional anisotropy confirms that 
the observed peculiarities of the high-frequency behav­
ior of such films (the specific shape of the x(H) 
curves/ 51 the displacement of the susceptibility and 
FMR curves in field, the asymmetry of the line widths 
and of the intensities of the absorption curves upon 
magnetization of the film parallel and antiparallel to the 
unidirectional anisotropy[ 61 ) are due to the presence of 
an exchange ferro-antiferromagnetic interaction. All 
of these peculiarities disappear when the sample is 
heated to the Neel point (240-250° C). 
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