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Abstract. The influence of magnetic state (saturated or unsaturated states) on the gyromagnetic resonance damping in
relaxing rare earth substituted ¥, Dy,Gd,Fe;0,, garnets (with x=0;0.15;0.3;0.6) has been studied. The damping parameter «,
as defined by Landan-Lifshitz equation, has been determined either by FMR at 10GHz (saturated state) or by measurement of
the frequency dependence of the complex initial permeability in the 0.1GHz-10GHz band (unsaturated state).
On the one hand, the damping parameter o, has been calculated by fitting the FMR spectra of single crystals with the
theoretical lorentzian shape. On the other hand, the damping parameter o, of polycrystals has been calculated using models
which take into account the interaction between magnetic domains. In the fully magnetized state the introduction of relaxing
rare earth (Dy) is found to increase significantly o, values (from 0.02 to 0.3 when X varies from 0 to 0.6). On the contrary,
the introduction of Dy hardly increases Q. values. It appears that the difference between o, and oy, values stems not
only from the interaction between magnetic domains but also from the modification of the damping in each magnetic domain
owing to the presence of magnetic domain walls.

1. INTRODUCTION

The comparison between the saturated state and the unsaturated one seems o be a sensible way to better understand the
relaxation of ferrimagnetic materials in the unsaturated state. The proper parameter to describe relaxation is the damping

parameter which can be introduced in Landau-Lifshitz equation :—hf=v§y|ﬂ'/\§,ﬂ-?ﬂﬁ/\(ﬁ/\ﬁﬁ) where y is the
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gyromagnetic factor, B,y the effective magnetic field acting on the magnetization vector M and o the damping parameter.
To make the comparison effective, materials presenting different damping behaviours are required. That is why we have
chosen Y, Dy, Gd,FesO,, gamets. Indeed, studies on YIG [1] have shown that Dy substitution in dodecahedral sites is
achievable and provides a good way of varying the damping in the saturated state. Furthermore, for the welcoming structure
YGd,Fe;0,, the domain resonance and the gyromagnetic one are separated enough [2 ] to allow the study of the latter.

After describing the experimental procedure used for preparing the materials and for characterizing their microwave
properties, we shall present and discuss the experimental results obtained in the saturated state and then in the unsaturated
state. Finally, the conclusion takes up the comparison between both states.

2. EXPERIMENTAL PROCEDURE

Materials have been prepared by reaction sintering. Oxides powders of high purity (Y,0;, Gd,0s, Dy,05 99.99% and
Fe,05 99.7%) are blended in water for 12 hours, dried at 120 °C for 24 hours. Then the materials are shaped by uniaxial
pressing at 130 MPa and finally sintered at temperatures ranging from 1400°C to 1500°C. Porosities of all studied samples
are less than 2%. A discontinuous grain growth occuring when the sintering temperature exceeds 1460°C has led to grain
size up to a few millimeters. Single crystal spheres have been cut out of these large grains. The other samples are
polycrystalline with an average grain size of tens of micrometers.

Two kinds of microwave measurements have been achieved. On the one hand, FMR measurements have been caried out in
the X band frequency range (1¢ GHz) using a Varian EPR spectrometer on single crystal and polycrystalline spheres about
0.3 millimeters diameter introduced in a TE, o, rectangular resonant cavity. On the other hand, the frequency variation of the
permeability has been measured using a HP 8510 network analyser on polycrystalline toroidal samples placed in a coaxial
wave guide at the APC7 standard.
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3. SATURATED STATE

FMR spectra of single crystals and their theoretical fitting using
Landau-Lifshitz equation are given in figure 1. Agreement is
excellent and allows to determine the total linewidth. Classically
3], ABuuw=ABggtAB ughnessABporosity (RE=Rare Earth). For our
materials the calculations of the different contributions shows that
AB,gugness A0 ABp.o.r, are very small compared to ABgg so that
AB,,.,=ABgg and o= ABgg /(2B,) can be determined. Linewidth
and frequency variations with rare earth concentration are in
agreement with Kittel theory [4 | on rare earth gamets.

No significant change has been observed for measurements made !
on polycrystalline samples. We then have at our disposal a familly 0 ; = ;
of materials with damping parameter ranging from 0.02 to 0.3 (one a2 04 96 a8 1
order of magnitude). applied magnetic field (Tesda)
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Figure 1 : FMR spectra (9.4 GHz) in the saturated
4 UNSATURATED STATE state on Y, Dy, Gd,Fe;0;, single crystal spheres.
The effects of Dy substitution in the unsaturated state are shown
in figure 2. The domain wall resonance (at roughly 0.2GHz) and
the gyromagnetic resonance (0.6GHz) are distinctly separated.
When Dy is introduced, the domain wall resonance completely
disappears and the gyromagnetic one is strongly damped.
The experimental curves can no longer be fitted by Landau-
Lifshitz equation because of the interaction between magnetic
domains. This was first taken into account qualitatively by [5)
and quantitatively by [6 ]. More recently, [7 ] have developed the
model of the effective permeability which we have used to fit our
experimental curves. Agreement has turned out to be of poor
quality but has nevertheless led to orders of magnitude
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Figure 2 : imaginary part of the permeability in the
unsaturated state on Y, ,Dy,Gd,Fe;0,, polycrystalline
toroids.

(precisiont0.1) : the introduction of Dy slightly increases o ..
values from 0.2 to 0.5.

5. CONCLUSION : COMPARISON BETWEEN SATURATED AND UNSATURATED STATE
From figure 3, we can see that o, is greater than o ... Moreover, the
Tatio Oty / O o is all the more important as Dy concentration is low.
This may be explained by the fact that the model used does not take into
account the presence of domain walls. Therefore, one can suggest that
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domain walls should modify the damping in each magnetic domain. Two
mechanisms would then be in competition : the « intrinsic » damping of
an isolated domain and the interaction of domain walls and a magnetic
domain. At low concentration, the dominant relaxation mechanism would
be the interaction between a magnetic domain and its neighbouring
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domain walls. At high concentration, dynamics interaction would be
weakened so that intrinsic relaxation inside each domain would drive the
overall relaxation : o ,, and O, would be of the same order of
magnitude.

Further investigations involving the application of a static magnetic field
while measuring u” and p’* are to be published .
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Figure 3 : damping parameters o.
<$=unsaturated state
O=saturated state
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