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Light-induced generation of dark dissipative envelope solitons in an
active ring resonator based on a bicomponent magnonic crystal
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Light-induced generation of the dark dissipative envelope solitons has been carried out in a microwave active
ring resonator containing a nonlinear bicomponent magnonic crystal (BMC). The BMC is an yttrium iron garnet
film, on the surface of which there is a one-dimensional periodic structure of thin semiconductor strips of silicon
(Si). Nlumination of the BMC with a laser beam leads to a shift in the band gap frequency of the BMC due to the
change in the Si conductivity. It is a cause the generation of dark (gray) dissipative envelope solitons through the

four-wave nonlinear spin-wave interactions.
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Magnon spintronics, which studies the interaction be-
tween magnons (quanta of spin waves, SWs) and free
carriers of spin-polarized or electric currents, is one of
the currently relevant research trends in magnonics [1].
Ferrite-semiconductor structures [2-11] and ferro- or antifer-
romagnetic semiconductors [12] supporting the interaction
of traveling SWs with free carriers are of interest in the
context of design of spintronic devices operating in both
microwave and terahertz ranges. The amplification of
traveling magnetostatic surface SWs (MSSWs) in a ferrite-
semiconductor structure in a constant electric field was
examined in [2,3]. In addition, the Bragg resonance in the
spectrum of traveling SWs was controlled efficiently in [4]
by applying a constant electric field to a periodic (Bragg)
grating formed on the surface of a ferrite film (bicomponent
magnonic crystal, BMC). It was demonstrated in [5] that
Bragg resonances in the spectrum of traveling SWs may
also be controlled by an electric field in a single-component
magnonic crystal. In this study, a periodic structure in the
form of columns and grooves on the surface of a ferrite film
was adjacent to a semiconductor film to which the electric
field was applied.

Nonlinear effects in the form of bright envelope solitons
in ferrite-semiconductor structures were examined [6-9]
alongside with linear ones. Electrical control over bright
envelope solitons traveling in a ferrite film with a semicon-
ductor film on its surface [6-8] and over Bragg envelope
solitons in a single-component magnonic crystal adjacent to
a semiconductor film [9] was demonstrated.

The density of carriers in a semiconductor may be
controlled both by an applied constant electric field and
by optical (laser) radiation that induces a constant electric
field in a photosensitive semiconductor [10]. It was demon-
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strated in [11] that laser radiation incident onto a ferrite-
semiconductor structure allows one to control the nonre-
ciprocity of propagating MSSWs. However, the potential for
control over envelope solitons and their photoexcitation has
not been examined. In the present study, experimental data
on photoexcitation of dark envelope solitons in a BMC in
the feedback circuit of an active ring resonator are reported.

Figure 1 presents the diagram of an active ring res-
onator that features a one-dimensional (1D) BMC, a TWT
(traveling-wave tube) amplifier, and an adjustable attenuator.
The 1D BMC was constructed based on an yttrium iron
garnet (YIG) film d = 10um in thickness and 4mm in
width with a saturation magnetization of 47Mg = 1750 G
and a ferromagnetic resonance linewidth of 0.5 Oe measured
at a frequency of 9.2GHz. A periodic structure of silicon
strips with a period of 200 um was formed lithographically
on the YIG film surface. Semiconductor strips had a
width of 100 um, a thickness of 200 nm, and a conductivity
of 5-1077Q 'em™!. The 1D periodic structure was
Smm in length. A red laser operating at 830nm with
an intensity varying within the 0—400 mW range was used
in the experiment. It was focused into a spot 4mm in
diameter. Since the indicated wavelength exceeds the band
gap width of silicon, a photoresistive effect was induced
under irradiation of silicon by this red laser. Therefore,
the conductivity of silicon depended on the laser radiation
intensity. Input and output microstrip transducers were used
to excite and receive an MSSW propagating in the 1D BMC.
Each of them had a width of 30 um and a length of 6 mm.
The distance between them was 6 mm. External constant
magnetic field Hy was applied tangentially to the 1D BMC
surface and parallel to microstrip transducers. The field
strength was set to Hp = 1520 Oe, since the BMC was to
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Figure 1. Block diagram of the microwave ring generator of dark
dissipative envelope solitons.

be operated at frequencies above 5 GHz where the influence
of irradiated Si strips on a traveling MSSW in the YIG
film was the most pronounced. In addition, only four-
wave nonlinear spin-wave interactions may progress in the
YIG film at this strength of an external constant magnetic
field [13]. The TWT amplifier was operated in the linear
signal amplification mode and served to compensate losses
in the ring. The signal power level at the 1D BMC input was
controlled by the adjustable attenuator and monitored with
a power meter. 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 shows the amplitude-frequency response charac-
teristics of the 1D BMC measured outside of the ring in
the linear mode both without laser irradiation and under
irradiation. It follows from the data in Fig. 2 that the MSSW
spectrum measured without laser irradiation has a stopband
(cyan-colored; a color version of the figure is provided in
the online version of the paper) in the low-frequency region.
The center frequency of this stopband (f. = 6.3645 GHz)
corresponds to MSSW wavenumber ke = 148 cm~!, which
is close to wavenumber Ky ; = 157 cm ™! of the first Bragg
resonance (see the inset in Fig. 2). A slight discrepancy
between wavenumbers K and Kpry and the corresponding
frequencies f¢ and f,r; = 6.3707 GHz may be attributed to
a reduction in strength of the internal magnetic field of the
YIG film due to the emergence of a demagnetization field
in a film constrained in width [14]. Under laser irradiation
at an intensity of 136 mW, the mentioned stopband (the first
band gap of the 1D BMC) shifts upward in frequency; at

the same time, a second stopband (green-colored), which
apparently corresponds to the second Bragg resonance with
Kor2 = 314 cm ™!, emerges in the higher-frequency region of
the MSSW spectrum. The upward frequency shift of the
first Bragg resonance is attributable to the fact that both
the electric field in Si strips and the density of photoexcited
carriers (electrons) grow with increasing intensity of laser
radiation [10]. Owing to this enhancement of carrier density,
Si strips become more conductive and acquire near-metallic
properties. The dispersion characteristic of an MSSW
traveling in a free YIG film then becomes similar to the
dispersion characteristic of an MSSW traveling in a YIG
film with a metallic screen positioned near its surface [15].
If kpr 1 = const, the enhancement of conductivity of Si strips
results in an upward shift of the frequency corresponding to
the first Bragg wavenumber. It should be noted that thermal
heating accompanying the process of laser irradiation of
the YIG film does not dominate over the conductivity
dependence of the frequency of the first Bragg resonance:
if this was not so, a downward shift of this frequency would
be observed instead of an upward one.

Figure 3 presents the experimental data on generation
of periodic sequences of dark dissipative envelope solitons
with the 1D BMC introduced into the feedback circuit of
the active ring resonator. It follows from Figs. 3,a,c that
a multi-frequency microwave signal with carrier frequency
fosc1 = 6.3985 GHz, which is close to one of the primary
peaks of the amplitude-frequency response characteristic of
the 1D BMC (Fig. 2), is generated in the self-oscillating
system without laser irradiation. Satellites characterized
by automodulation frequency fam = 3.75 MHz are located
on both sides of the carrier frequency. Automodulation is
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Figure 2. Amplitude-frequency response characteristics of the
1D BMC based on the YIG film with a periodic structure of
semiconductor strips measured without laser irradiation (/) and
under irradiation at an intensity of 136 mW (2). The calculated
dispersion characteristic of an MSSW for a free YIG film with
d = 10um, 47My = 1750 G, and Ho = 1520 Oe is shown in the
inset.
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Figure 3. Power spectra (a,b) and amplitude (upper panels) and phase (lower panels) envelope profiles (c,d) of a microwave signal
generated in the active ring resonator with the 1D BMC without laser irradiation (a,c) and under irradiation (b,d) at an intensity of

136 mW.

the result of four-wave nonlinear spin-wave interactions in
the 1D BMC, since parametric three-wave MSSW decay
processes are forbidden at these frequencies. However, the
power of satellites with the highest amplitude is 40 dB lower
than the carrier power level; therefore, the envelope of this
multi-frequency microwave signal has an almost constant
amplitude.

The pattern changes when continuous-wave laser radi-
ation with a power of 136 mW is incident on Si strips
(Figs. 3,b,d). The carrier frequency then shifts slightly
downward to fosco = 6.392GHz, residing at the low-
frequency edge of the first band gap of the 1D BMC.
The amplitudes of satellites in the signal power spectrum
increase significantly as a result, and a periodic sequence
of dark envelope solitons forms in the time domain. Their
amplitude does not decrease strictly to zero, and the phase
does not undergo a shift by =z at the soliton center;
therefore, these dark solitons are gray envelope solitons [13].
The repetition rate in the pulse sequence corresponds to
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frequency fam, and their duration is 49ns. This duration
was determined at the 1.4-fold amplitude enhancement
(relative to the minimum value) level and does not exceed
the time of pulse transit through the BMC. It should be
noted that both bright and dark envelope solitons were
obtained in earlier experiments with a single-component
magnonic crystal located outside of the ring when either
short microwave pulses [16] or a monochromatic microwave
signal of a varying power level [17] were fed to the
magnonic crystal input. It was found that bright envelope
solitons formed either from short MSSW pulses [16]
or due to the development of modulation instability at
backward bulk magnetostatic spin waves [17] when the
carrier frequency of microwave pulses or the frequency
of a monochromatic microwave signal fell on the high-
frequency slope of the Bragg resonance. At the same time,
dark envelope solitons formed when the frequency of a
monochromatic microwave signal fell on the low-frequency
slope of the Bragg resonance [17]. Thus, the observed
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photoexcitation of dark envelope solitons in a self-oscillator Translated by D.Safin
on the low-frequency slope of the Bragg resonance does not
contradict literature data.
The obtained results may find application in the develop-
ment of controllable pulse signal sources for magnon logic
and spintronic systems.
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