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A Tunable Microwave Source using Nonlinear Magnetostatic Surface
Waves in Magnetic Garnet Films

S. Jun and J. Pelzl

Institut fiir Experimentalphysik I, Ruhr-Universitit Bochum, 44780 Bochum, Germany

Abstract: A new type of microwave source is developed by utilizing the sideband where the modulation instability of
magnetostatic surface wave takes place. It is found that separation between magnetic garnet film and metailic ground plane
and the film thickness affect the operation characteristics of the device. Generation of higher microwave frequency and the
operation bandwidth of the device can be controlled by a biasing magnetic field. The experimental results are in accordance
with the theoretical predictions.

1. INTRODUCTION

Nonlinear effects accompanying magnetostatic wave (MSW) propagation in ferromagnetic films have been studied
extensively in recent decade. Characteristics of MSW envelop solitons [1-3] and decay processes of traveling MSW [4,5] have
shown the promising prospects of nonlinear spin wave applications in signal processing and communication systems. Recent
observation of modulation instability of magnetostatic surface waves (MSSW) demonstrates that by improving the MSSW
dispersion characteristics, as a result of competition between anomalous dispersion and the nonlinearity of the MSSW, new
frequencies can be produced as the satellites of the original input signals[6]. A type of tunable microwave signal generator
has been proposed by means of the MSSW modulation instability[7].

This paper concerns characteristics of the microwave source using nonlinear MSSW in magnetic garnet films. The magnetic
tunability and the bandwidth of the device are evaluated, and comparison of theoretical prediction with the experimental
results is presented.

2. SIGNAL GENERATION AS A RESULT OF MSSW MODULATION INSTABILITY

MSSW propagation is excited in a transversely biased 28yum-thick and 0.4cm-wide pure yttrium iron garnet (YIG) film
which is flipped onto a pair of identical 50pm-wide and 1.3cm-apart shorted microstrip transducers. Separation between the
YIG film and a metallic ground plane t is 254pm, i.e., the thickness of the alamina substrate for the transducers. The external
magnetic field is 10000e.

For a cw MSSW, onset of modulation instability [8] requires that the frequency shift characterized by a dispersion parameter
8w / 3k*, and the frequency shift characterized by a nonlinear parameter & / ¢’ must have opposite signs, where o, k, [¢|
are the MSSW angular frequency, wave number and amplitude, respectively. Once this sign condition (i.e., Lighthill
condition [6]) is satisfied and the MSSW power is beyond a threshold for the modulation instability, the traveling MSSW
envelope will be modulated with a frequency #; which can be derived from the nonlinear Schrédinger equation as:
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As shown in Fig. 1, the predicted modulation frequencies (the solid curve) agree with the experimental data (the circles)
results well. Meanwhile, it is also indicated that the modulation instability can be activated when the MSSW frequency varies
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from 4.84GHz to 4.88GHz. Consequently, new generated microwave frequency f, which equals to f + f, can be extracted in

this frequency range, where the initial MSSW frequency f~o/2x.
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Fig. 1 Modulation frequency as a function of

MSSW frequency. YIG thickness d=28yum,
t=254 pym.

frequency. t=3000 pm (1), 500 pm (2),

400 pm (3), 254 um (4), 100 pm (5),
and 80 pm (6), respectively.

The bardwidth of the nonlinear MSSW device is of considerable technological
interest. As the sign of 8o / J0|° is always negative for MSSW, the microwave

source is applicable only in the frequency range in which e/ &k” > 0.
Furthermore, determination of the device bandwidth [7] suggests that the wider
the frequency range in which 80/ 3 > 0 is, the larger the bandwidth is.
Fig. 2 shows influence of the metallic ground plane on 8w / &k’. When the
ground plane is far away from the YIG film (for instance, t=3000pm, which is

equivalent to the absence of the plane due to the exponential attenuation of rf
fields), 8w/ K is negative, and the MSSW modulation instability process is
forbidden. Introduction of the ground plane can make Lighthill condition
satisfied in a limited frequency range as indicated by curves 2 to 6 in Fig. 2.
This property dominates the excitation of the MSSW modulation instability.
On the other hand, Fig. 2 turns out that if the ground plane is too close to the
YIG film, the frequency range corresponding to the positive o/ ok will
shrink. Thus, there exists an optimal separation between the YIG film and the
metallic ground plane for the discussed device. As described in Fig. 3, the YIG
film thickness also affects the device operation bandwidth significantly. For the
case that t=254um, when the YIG thickness equals to 80pm, the allowed
frequency range for the modulation instability becomes nearly half of that
when the thickness is 20pum.

Owing to the MSSW magnetic tunability, operation of the proposed device can
be controlled by the bias magnetic field. In Fig. 4, by taking into account
Lighthill condition, the frequency range in which the MSSW power is higher
than the power threshold for the modulation instability corresponds to the
operation range of the device. An increase in the magnetic field can moves the
operation range upward to higher frequency, and thus the new generated
frequency will be higher. Furthermore, both the theoretical results in Fig. 4 and

Fig. 2 Dispersion 8’0/ ok versus MSSW
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Fig. 4 Dependencies of MSSW power and the
power threshold for the modulation instability
on the MSSW frequency. Magnetic tunability
of the device is shown. Curves 1 and 1°:
He=10000¢; curves 2 and 2@ He=11000e;
curves 3 and 3”: H.~12000e.
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Fig. 5 Variation of the device bandwidth with

different biasing magnetic fields. The fitting

to the experimental data shows a linear

relationship between them.

the experimental measurements shown in Fig. 5 conclude that a linear increase in the device bandwidth can be achieved by

increasing the biasing magnetic field.
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