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The influence of continuous wavew) magnetostatic wave signals on microwave magnetic
envelope soliton pulse formation and propagation in magnetic films has been examined. Pulsed and
cw microwave signals were applied to the input of a single crystal yttrium—iron—garnet film
magnetostatic wave delay line. The nominal operating frequency was 4.8 GHz. The pulse signals
served to form solitons with no cw power present. Under suitable conditions, the cw signal served
to inhibit or eliminate the soliton formation and propagation. The suppression effect was measured
as a function of the cw signal frequency and power. The suppression is maximized when the cw
signal frequency coincides with the pulse carrier frequency. At this frequency, an input cw power
of 80 mW is sufficient to suppress completely a soliton pulse formed from a 10 ns wide, 500 mW
peak power input pulse. @000 American Institute of Physids$0021-89780)04320-4

I. INTRODUCTION the amplifier were used to produce narrow high power mi-
crowave pulses. These pulses were applied to the input of the
delay line in order to form solitons. Source B, in conjunction
with the phase shifter, was used to produce a phase variable
cw signal. Source A was operated at 4.8 GHz for the results

The observation of microwave magnetic envelope
(MME) solitons in thin yttrium—iron—garng¥IG) films was
first reported by Kalinikoset al! Since this discovery, there
have been numerous studies of basic MME soliton”.

propertie€ There has been some limited work on soliton 9'Ven below. _ _
collisions** and soliton formation due to the interaction of ~ 'he delay line arrangement given above, with propaga-

cw magnetostatic wave signals. However, there has been fion parallel to the magnetic field, corresponds to the mag-
no work reported on the interactions between MME solitong€tostatic backward volume way®ISBVW) configuration.
and cwW magnetostatic wave signa's_ The use Of the MSBVW Conﬁguration fOI’ MME Soliton fOI’-
This article presents experimental results on the effect offation and propagation in YIG film delay lines is discussed
cw magnetostatic wavéMSW) signals on MME solitons. in Refs. 3 and 8. In brief, for the MSBVW arrangement, the
One finds that a relatively low power cw MSW signal can honlinear frequency response and the dispersion combine to
effectively suppress MME soliton formation and propagationsupport soliton formation for narrow microwave pulses at
if the cw frequency is close to the soliton carrier frequency.appropriate power levels applied to the input of the delay
Section Il summarizes the measurement system and the eblwne. For an applied field of 1038 Oe and a frequency of 4.8
perimental procedure. Section Il presents the results. Se€Hz indicated above, one obtains MSBVW pulse or cw sig-
tion IV gives a brief summary of the results, a comment onnals propagating at a wave numbebof approximately 200
possible device applications, and remarks on theoretical comad/cm. The corresponding wavelengthgz/R~300um,

nections. provides a reasonable match to the transducer element width
given above.
Il EXPERIMENT The microwave amplifier had a bandwidth greater than 5

GHz, a 30 dB dynamic range, and a high peak power. This

Figure 1 shows a schematic diagram of the microwaveensured that the observed output pulse characteristics were
measurement system. There are two microwave sources determined by the YIG film and MSBVW response charac-
and B, a fast microwave switch, a power amplifier, a phaseeristics only. The pulse repetition rate was set at 1 kHz. For
shifter, two directional couplers DC1 and DC2, a YIG film the source B signal, both cw and 10 ms long pulses at the
magnetostatic wave delay line, and a signal analyzer. ThRISW pulse signal repetition rate were used and the same
delay line consisted of an 8Zm-thick YIG film and a pair  overall results were obtained. This eliminated the possibility
of 50-um-wide microstrip transducer elements separated byf heating effects.
3.8 mm. The YIG film is indicated by the gray rectangular  The arrangement described above was used first to excite
strip. The transducers are indicated by the thin black lines sBvWw solitons and then to observe the effect of the cw
beneath the strip. A magnetic field of 1038 Oe was appliedignal on the soliton output pulse. For the soliton generation,
along the length of the YIG strip and the MSW propagationthe pulse width was set at 10 ns. As the pulse power was
direction, as indicated. Microwave source A, the switch, a”qncreased, the output pulse showed the characteristic steep-
ening and narrowing associated with MME solitdn&2
dElectronic mail: mscott@lamar.colostate.edu Output pulse phase profifeand peak output power versus
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FIG. 1. Schematic diagram of the microwave measurement system. 2'
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input power response cur/@swere used to verify soliton
formation and propagation. 24 24
Once the soliton pulse response was obtained, source E
was used to introduce a cw MSBVW signal into the YIG 1 V\Af%\«
film delay line. The soliton output power versus time profile 0 0
was then monitored as a function of the cw power level and = 75 100 o rEE
the cw signal frequency. The influence of the relative phase i 50 & 100
of the cw signal was also observed for the above measure Time (ns)
ments. Sou.rce B could provide power levels up to about 20QIG. 2. Profiles of delay line output power vs time for 10-ns-wide input
mW at the input transducer. pulses. Panel$a) and (b) are for no applied cw power and nonzero cw

The results of these measurements are given below. F@ower levels as indicated by tHelf, values for the right side graphs, re-
clarity, a specific nomenclature for the various power |eve|s§pectively. The top andinbottom‘royv graphs are for different values of the
in the experiment is adopted. The peak power for the inpufPut Peak power levePpe, as indicated.
pulse at the delay line input will be denoted Bg.. The
corresponding pulse peak power at the delay line output will . ) _
be denoted a®.. The cw power level at the delay line Shown in the top graph itb). The bottom graphs ife) and
input will be denoted a®",. The corresponding cw power (b), obtained for soliton pulse propagation, show a noplmear
level at the delay line output will be denoted R, effect. Here, one sees that the cw signal has essentially de-
stroyed the soliton pulse. There is still a small oscillatory
output signal, but this is much weaker than the original soli-
ton pulse.

Figure 2 shows typical results of the MSBVW pulse For the dispersive pulse i@ the interaction with any
measurements for low and high input pulse power levelsnonzero cw power leve?y, in the linear regime produced an
with and without cw power applied to the delay line. All oscillatory result similar to that shown {b). For the soliton,
graphs show output power versus time. The left side graphBowever, the suppression is not observable until the cw input
under(a) are for no cw power applied. The right side graphssignal power levePy,, reaches about 1 mW. As the cw sig-
under(b) are for nonzero levels of cw power, as indicated.nal power is increased, the soliton pulse peak output power
The top row graphs are for a low power input pulse atPgﬂfsedecreases in a nonlinear fashion. During this decrease,
Poise=3mMW. This power level is well below the soliton the soliton pulse envelope shows an oscillatory character

uls:

th?eshold. The bottom row graphs are ﬂéfwse:SOO mW.  which depends on the relative phase of the two signals. Even
This power level is above the soliton threshold. The pulsevhen the soliton pulse peak output powlégﬂfse becomes
carrier frequency and the cw frequency were both set at 4.8ery small, this phase dependent oscillation remains. It is
GHz for these measurements. As indicated above, the cimportant to note, however, that the general suppression ef-
phase was set to optimize the effect of the cw signal on théect was observed for all values of the cw signal phase rela-
pulse response for the par(®) graphs. Note that the values tive to the pulse signal.
of Pg, are different for the top and bottom graphs in panel ~ Figure 3 shows further details on the output pulse peak
(b). The effect ofPg, on the pulse and cw output response power and output cw power levels as a function of the input
will be considered at the end of this section. cw power level. The upper set of data points show that there

The data in Fig. 2 show the essential features of thes a critical value of the input cw powd?g,, of about 0.5-1
soliton suppression effect. The top graph¢anand(b) show  mW which is needed to reduce the soliton peak response. As
that the cw signal has an effect, even for a low power disthe cw powerPy, is increased, the pulse peak output power
persive MSW pulse. The dispersed pulse(@ for no cw Pgﬂfse decreases in a highly nonlinear manner. The decrease
power changes to show an oscillatory character, aéjn in Ppi.is strongest foPg), in the range 1-10 mW where
when there is low power cw signal applied. This, however, isPy, is still linear. ForPy, values in the 50 mW range, the
clearly a linear effect. The different phase shifts experiencedoliton suppression is virtually complete. Keep in mind that
by the Fourier components of the dispersive pulse interacill data shown here are for an input pulse peak power level

with the fixed phase cw signal to produce the signal envelopef 500 mW.

IIl. RESULTS
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4- that the bandwidth for the suppression matches the 200 MHz
width of the power spectrum for the original soliton pulse.

As an additional point of interest, one may note that the
soliton pulse carrier frequency and the frequency for maxi-
mum suppression do not coincide with the peak in the soliton
pulse power spectrum. This peak in the spectrum is shifted
somewhat above the 4.8 GHz frequency point. From the soli-
ton profile in the lower left graph of Fig. 2, one can see two

Output power (mW)
N

1 additional small peaks after the main peak. These peaks are
pou an indication of a small higher order soliton respotfsghe
04 R . PPTYYY XX I LA XXX .. effect of these peaks is to shift the peak in the power spec-
0.1 1 10 100 trum to higher frequency and to alter the spectrum from the
Input cw power (mW) hyperbolic secant shape characteristic of single solitons.

However, the observed soliton suppression is a general soli-
FIG. 3. Output pulse peak powd¥ii. and cw output powePgy as a  ton effect which is not limited to higher order solitons but is
function of input cw poweP, observed for both single and higher order solitons.
Qualitatively similar results were achieved with the
same 8.7um-thick film oriented in the magnetostatic for-

Finally, turn to the effect of the cw frequency on the d vol p i qf 10uB-thick
suppression effect. Figure 4 shows typical frequency data\f'.l\fr;r invt%snsﬂesév\?://\f c%on?iéguL:ZiICJOnn and for a 1Gu@+thic

Graph(a) gives the Fourier power spectrum for the soliton
output pulse signal for no cw power on the line. Grdph
gives the variation in the soliton pulse peak output power agV. SUMMARY AND CONCLUSIONS

a function of the cw signal frequency, with the cw input g ragits given above demonstrate that a relatively low

peak power for the input pU|S@'|€ul_se' was held at 500 mW. ¢ jiton pulse propagation in magnetic films. The suppression
The vertical axis in(@) is shown in logarithmic scale. The effect occurs for a band of cw frequencies which match the
solid curve in graptib) is only a guide to the eye. The scatter ,ver spectrum of the soliton pulse. The suppression effect
in the data arises due to the oscillatory behavior of the supy optimized when the soliton carrier frequency and the cw

pression effect. Similar measurements were made for Iowegignm frequency coincide.

cw powers. The effect was the same, except that the level of * 1,5 ¢ontro| of soliton pulse properties through cw power

the maximum suppression was less for lower cw powers, ag,,y he useful for microwave signal processing device appli-

in Fig. 3. o _ . cations. One possible configuration for such a device consists
The results in Fig. 4 establish two additional features of ¢ 5 «sgjiton valve” in which a small cw microwave power

the soliton suppression effect. First, the suppression is MOSt sed to turn on or off the propagating soliton pulse or
effective when the cw signal frequency coincides with theSequence of pulses from a soliton train generator.
input pulse carrier frequency of 4.8 GHz. Second, one sees 1ha results given here are experimental only. A quanti-
tative theory to explain these results is needed. It should be
possible to perform numerical calculations based on two
(a) coupled nonlinear Schdinger(NLS) equations for the pulse
response to a cw MSW signal. It has been possible to model
MME solitons through the NLS equatidhlt should also be
possible to use coupled NLS equations, for example, to
model the new effects reported above.
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