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Control of Chaotic Dark Dissipative Envelope Solitons in an Active Ring

Resonator Based on a Magnonic Crystal with a Dynamic Defect
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Dynamic control of chaotic dark dissipative envelope solitons in a microwave active ring resona tor containing

two nonlinear elements: a one-dimensional magnonic crystal (MC) with a dynamic linear defect and a transistor

amplifier is performed. Dissipative envelope solitons are formed on a long-wavelength surface magnetostatic wave

propagating in the MC and parametrically decaying into short-wavelength spin waves. A constant electric current

flowing through a copper conductor creates a dynamic linear defect along the longitudinal axis of the MC and

controls the duty factor of the generated parametric pulses only at the MC forbidden frequency.
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The examination of wave and oscillatory processes in

ferromagnetic micro- and nanostructures has attracted a

significant amount of interest in recent years both in Russia

and abroad [1–3]. Driven by the progress in spintronics, the

research into direct-current control over these processes has

stimulated the development of a new discipline: magnon

spintronics [4]. It is known that dynamic control over

magnons (quanta of spin waves, SWs) may be effected

either via their interaction with a spin-polarized current,

which is induced in metal and non-metal ferromagnetic

materials due to the spin Hall effect [5,6], or by altering

the internal magnetic field of a ferromagnetic with the use

of an external constant electric current [7,8].

The principle of dynamic control over magnons with

the use of a constant electric current forms the basis of

operation of a new spin-wave device called a dynamic

magnonic crystal (DMC) [9,10]. It is known that a

magnonic crystal (MC) is a magnetic material with a

periodic structure, which acts similarly to the one in a

photonic crystal and induces the formation of stop bands

(bandgaps) satisfying the Bragg condition. In contrast to

static MCs, DMCs feature bandgaps in the SW spectrum

with their characteristics depending on a constant electric

current. Thus, varying the current magnitude or polarity,

one may control the level of losses at DMC bandgap

frequencies. This dynamic SW loss control indicates that

DMCs may be used to establish direct-current control over

signal generation modes in active ring resonators.

Static magnonic crystals [11] and quasicrystals [12]
supporting three-wave parametric decay of a magnetostatic

surface (MSSW) have been used by now in microwave

active ring resonators as nonlinear filters for the generation

of chaotic bright dissipative envelope solitons. An adjustable

attenuator was used to control the modes of generation of

these parametric pulses. Ultrashort (subnanosecond) dark

dissipative envelope solitons have been produced in recent

years in microwave active ring resonators with two nonlinear

elements [13]. One of them was an irregular (curved)
magnonic waveguide supporting three-wave parametric de-

cay of a magnetostatic SW, and the other element was a

transistor amplifier operated with output power saturation.

Soliton modes were also controlled mechanically in this

case. Research results demonstrating dynamic control over

the duty factor of chaotic dark dissipative envelope solitons

with the use of a constant electric current are reported

below.

Figure 1 presents the diagram of an active ring resonator

containing a one-dimensional (1D) MC with a dynamic

linear defect, an amplifier cascade featuring three amplifiers,

and an adjustable attenuator. The 1DMC was fabricated

from an yttrium iron garnet (YIG) film with a thickness

of 10µm, a width of 4mm, a length of 10mm, and a

saturation magnetization of 1750G. A periodic structure in

the form of columns and troughs with a period of 200 µm

was patterned on the YIG film surface via etching and

lithography. These columns and troughs had the same

width: 100 µm. Troughs were etched to a depth of 1µm.

The periodic structure was 4mm in length. A dynamic

linear defect was produced by a constant electric current

flowing along a copper wire 100 µm in diameter and 4.5mm

in length, which was positioned along the longitudinal

symmetry axis of the 1DMC. The distance from the wire to

the YIG film surface was 100 µm; therefore, the influence of

heating on the propagation of a magnetostatic SW could be

excluded. Depending on the current polarity, the internal

magnetic field of the 1DMC in the region of a wire

conductor may either increase or decrease. Input and output

microstrip transducers were used to excite and receive an
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Figure 1. Block diagram of the microwave ring generator of

chaotic dark dissipative envelope solitons.

MSSW propagating in the 1DMC. Each of them had a width

of 30µm and a length of 6mm. The distance between them

was 6mm. External constant magnetic field H0 was applied

tangentially to the 1DMC surface and parallel to microstrip

transducers. Field intensity H0 = 356Oe was chosen so as

to establish the conditions for development of a three-wave

parametric MSSW decay.

The amplifier cascade featured an amplifier klystron and

two transistor amplifiers, which are needed to compensate

for losses in the bandgap of the 1DMC. The output

amplifier of the cascade was operated in the output power

saturation mode, and the other two amplifiers were operated

in the linear amplification mode. The amplifier klystron,

which is a resonance-type amplifier with a central frequency

of ∼ 2.8GHz, was tuned to the vicinity of the central

frequency of the 1DMC bandgap. The power level of the

1DMC input signal was set with the use of an adjustable

attenuator. A microwave signal generated in the ring was

fed to the inputs of a spectrum analyzer and a real-time

oscilloscope for analysis and subsequent processing.

Figure 2, a shows the frequency response of the 1D MC

measured in the linear mode. It can be seen that the

MSSW spectrum features a stop band (bandgap) with a

central frequency ( f 01 = 2797MHz) corresponding to the

frequency of the first Bragg resonance. Figure 2, b presents

the dependences of the transfer factor of the 1D MC on

its input signal power, which were measured at several

different magnitudes of a constant electric current applied to

a wire conductor. Three cases were considered: (1) current

is not passed through the conductor; (2) positive-polarity

current is passed through the conductor; (3) negative-

polarity current is passed through the conductor. The results

presented in Fig. 2, b demonstrate that dependence S21(P in)
measured without a constant electric current contains both

linear and nonlinear sections. The threshold of 1DMC

switching to nonlinear operation is at an input power of

−15 dBm. An MSSW then starts decaying parametrically

into SWs. If a positive-polarity constant electric current is

passed through a wire conductor, both the linear losses level

and the nonlinear threshold grow. This is attributable to the

enhancement of the internal magnetic field of the 1DMC in

the region of current flow. If the current polarity is negative,

the linear losses level and the nonlinear threshold decrease.

This is due to the suppression of the internal magnetic

field of the 1DMC in the region of current flow. Thus,

applying constant electric currents of different polarity to a

wire conductor, one may control the level of both linear and

nonlinear MSSW losses at a fixed frequency by shifting the

bandgap frequency of the 1DMC. With the chosen current

polarities, the dynamic range of variation of linear losses is

∼ 4 dB, and the dynamic range of variation of the threshold

power is ∼ 2 dB. It should be noted that a constant electric

current has no appreciable effect on the levels of linear and

nonlinear MSSW losses at frequencies located far from the

bandgap.

Figure 3 presents the results obtained by introducing

the 1DMC into a feedback loop of an active ring res-

onator. Time series were measured at ring gain factor

G = K − A = 31 dB (K is the amplifier cascade gain and

A is the overall loss level in the ring). The integrated

signal power at the 1DMC input is then P in = +3 dBm.

This value is 18 dBm above the nonlinear threshold, and

the output amplifier of the cascade is operated with deep

output power saturation. It follows from the data presented

in Fig. 3, a that a chaotic sequence of pulse packets with

a duration of ∼ 0.9µs forms without a constant current

(I = 0). Each packet features
”
dips“ in the form of

dark pulses. Some of these
”
dips“ are dissipative dark

envelope solitons with a duration of ∼ 30 ns, since their

amplitude drops to zero; the other
”
dips“ correspond to

dissipative grey envelope solitons (their amplitude does

not decay strictly to zero). The repetition rate of

chaotic pulse packets averaged over the realization length

assumes a value of ∼ 100 kHz and corresponds to the

self-modulation frequency of parametrically excited SWs

produced as a result of the three-wave MSSW decay. The

duty factor of this pulse sequence is q ∼ 11. Short dark

pulses within pulse packets have an averaged repetition

rate of ∼ 8MHz, which is typical of four-wave interac-

tions.
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Figure 2. a — Frequency response of the 1D MC with a dynamic linear defect measured at P in = −30 dBm; b — dependences of the

transfer factor of the 1D MC on P in measured at the bandgap frequency at constant currents I = 0 (1), +500 (2), and −500mA (3).
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Figure 3. Chaotic sequences of dark dissipative envelope solitons obtained at constant electric currents I = 0 (a), +320 (b), and
−200mA (c).

Figures 3, b, c show chaotic pulse sequences obtained

by passing constant currents of different polarity through

a wire conductor. It follows from the presented data that

the SW self-modulation frequency increases to ∼ 250 kHz

at a positive current polarity (the duty factor decreases

to q ∼ 4); in contrast, the frequency drops to ∼ 13 kHz at

a negative polarity (the duty factor increases to q ∼ 80).
Thus, altering locally the internal magnetic field of the

1DMC via the application of a constant electric current of

different polarities, one may control the duty factor of pulse

sequences generated at the 1DMC bandgap frequency.

The obtained results may find application in the develop-

ment of pulse signal sources for magnon logic and spintronic

systems.
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