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Thresholds of Envelope Soliton Formation for Dipole-Exchange Spin
Wayves in Yttrium-Iron Garnet Films

AN. Slavin, H. Benner*, K.J. Foos* and T. Lesperance

Physics Department, Oakland University, Rochester, MI-48309, U.S. 4.
* Technische Hochschule Darmstadt, 64289 Darmstadt, Germany

Abstract: The power thresholds of spin wave envelope soliton formation from input rectangular radio-pulses of duration T in a
thin yttrium-iron gamet (YIG) film were studied experimentally. The measurements were done for strongly dispersive dipole-
exchange spin waves in the vicinity of one of the dipole gaps in the spectrum of a film with strongly pinned surface spins. The
observed threshold curve Py, =f (1/T?) is non-monotonous and has a fine structure consisting of three minima corresponding to
the formation of n =1, 2, and 3 solitons. The observed shape of the threshold curve is explained by the theory of envelope
soliton formation where dissipation in the medium is taken into account. The values and positions of the minima on the
experimentally measured threshold curve are determined by the dissipation parameter T' =Y AH which is proportional to the
half-linewidth AH of ferromagnetic resonance in the experimental YIG film.

1. INTRODUCTION

Envelope solitons are stable nonlinear wave pulses that can propagate in nonlinear dispersive media without changing their
shape. The classical theory of envelope soliton formation from rectangular input pulses of duration 7 in a lossless medium
predicts that the threshold of soliton formation is proportional to I/T° [1]. The experimental data obtained for spin wave
envelope solitons in magnetic films {2, 3] is , for the most part, in good qualitative agreement with this prediction. However,
recent experimental measurements of soliton formation thresholds for low-dispersive backward volume magnetostatic waves
(BVMSW)[4] have shown qualitative disagreements between the classical theory [1] and the experiment. The threshold curve
Py=f( 1%&)) experimentally observed in [4] was non-monotonous and had a fine structure consisting of two minima that
correspond to the formation of n = 1and n = 2 envelope solitons. The above described fine structure of the soliton
threshold curve was explained in [S], where dissipation in the medium was taken into account. The resulting expression for a
normalized soliton threshold in a weakly dissipative medium has the form

B, /B <1+, 1 )')/[2T, 1 T)]. o

The threshold curve Eq.(1) has n minima at T = T,. . The value of optimum input pulse duration T, corresponding to the
‘minimum threshold of formation of 1,2, ... n solitons are given by

T,=[n*@2n- 1)2|D|/(2Fv§)]% : @

where v, and D are group velocity and dispersion calculated at a carrier wave number ko of the input pulse, while T is
the dissipation parameter. Equations (1) and (2) give good quantitative explanation to the threshold curves of envelope
soliton formation for low-dispersive BVMSW experimentally observed in [4].

The aim of our present paper is to study experimentally the thresholds of envelope soliton formation for highly dispersive
dipole-exchange spin waves in thin YIG films, and to check the theory of envelope soliton formation in weakly dissipative
medium, Eq.(1), in the dipole-exchange spin wave spectrum, where the values of group velocity v; and dispersion D differ
substantiaily from the corresponding values in a purely dipolar (magnetostatic wave) spectrum [3,4].

2. EXPERIMENT

For our experiments we used a sample of a perpendicularly magnetized (H, = 3140 Oe) monocrystal YIG film of the
crystallographic orientation [111], thickness L = 4.6 pum, static magnetization 4nM, = 1750 G, and ferromagnetic resonance
linewidth 2AH = 0.7 Oe (dissipation parameter I" = X = 610%s? ). The sample was placed in the prototype delay line
consisting of two microstrip transducers (width =4 10™ cm, length = 0.35 cm, distance between transducers /=0.7 cm ) [6].
Measurements were made at a room temperature. The carrier frequency (wy/27 = 3.764 GHz) of input rectangular pulses of
variable duration (0.3 ps < T'< 2.7 us) has been chosen on the left slope of the fifth dipole gap in the film spectrum (see
Fig.1) where the group velocity was vy =5.7 10° cm/s and  the dispersion was D = - 10° cm¥s.
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Figure 1: (a) Experimental frequency dependence of the output power of the experimental delay line, measured in the linear regime under
continuous excitation , (b) calculated group velocity, and (c) dipole-exchange frequency spectrum of spin waves in the investigated YIG

film. The operating point on the left slope of the dipole “gap” in the spectrum, where measurements of threshold of soliton formation were
done, is shown by a dot.

We measured dependences of the peak power of the output pulse on the input pulse power for different input pulse durations.
Threshold power of soliton formation was determined (similarly to [2, 4] ) as a level of the input power at which the peak
output power starts to deviate from the linear trend. The shape of the obtained threshold curve Py, = f (. 1/T°)  was similar to
that of the curve obtained in [4] for BVMSW . However, in the dipole-exchange case the threshold curve had three minima
corresponding to the formation of envelope solitons of the orders n = 1, 2, 3. The results of comparison of experimentally
measured and theoretically calculated (using Eq.(1)) soliton thresholds for highly dispersive dipole-exchange spin waves are

presented in Fig.2. We used the minimum value of the threshold for a single soliton formation (P,,','l'm at T=T; =05 us)

to normalize the experimental threshold curve. It is clear from Fig.2 that the theory Eq.(1), which takes into account dissipation
in the YIG film, is in good qualitative agreement with the experiment. In the region of relatively short (0.3 ps < T < 0.7 ps)

input pulses, where a single (n = 1) envelope soliton is formed we can even claim a good quantitative agreement between the
theory and experiment.
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Figure 2: (a) Comparison of normalized soliton thresholds theoretically calculated using Eq.(1) (solid lines) and experimentally measured
for solitons of dipole-exchange spin waves in the operating point shown in Fig.1 ; (b) is a magnification of (a) for the region of relatively
long input pulses 0.7 us < T < 2.7 ps.
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