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Scme recent experiments an two=port magnetoelastic
daley lines :
K,Fa lowis

The operation of magnetoelaatic delay lines uaing the axielly= -
pagnetized <100» YIG rod configuration has besn described by several
worksrs (1 ,z;. Recently datalls of the excitation process have been
rovised (3,4), but for the present we will only need to use the orl-
ginal (more easily visualieed) description. Reference to Figs.l and?2
wiIl show howthe device operates: a YIG rod ia placed in-a wniform
external field, Hy» but bocause the shape ie not ellipscidal, the de-
magnetising field in non=-und form and the internal field on the rod
axis varies as shown in Fige2. Figure 1 shows ths dispersion curves
for photons {w = ¢k, o = velocdty of light), phonons (w = vk,

v = velocity of sound), and spin waves (w=yH+ Dkz. y = gyromagnetlc
ratio, D = exchange energy constant)., The process giving rise to
pagnetoslastic echoes can be pictured (cruiely) as follows. A micro-
wave pulse enters the cosxial ceble and loop, and excites a spin wavs
at T, the cyossover point between photuns and spin waves. The spin
wave travels toward the end face E, but before it reaches E, it is
largely oconverted to a phonon at C, the trossover point between spin
waves and + Ve oircularly pelarized phonons. The phonen continues to
E, where it is reflected, uniergoes the inverse process end gives
rige to an echo when it returns to T. .

The delay line is strongly disperuive , largely because the point
T, and therefore the path length {twice the distance betwsen T gnd B)
variea with frequency. Thus this device is suitsble for use in pulse
compression redar ﬁ. However, pulse campression radar really re-
quires a two-port device, i.e. separated inputs end outputs, and we
will now discuse two ways in which this can be conveniently achieved.
The first is aimply to bord an acoustic quarter wave plate (usually
consisting of a <110> YAG disc) to each end of the rod {6); this
reverses the sense of polarization of the acoustic wave, so that 1t
is reflected frem E as - ve circularly polarized, Since this 1s not
coupled to the spin system (Pig.1) it can travel through to the far
end of the rod B!, undergo a second polarization roversal, anl be
detocted at T's Simdlar effects can be observed in <110> IIG
rods (7). : :

The second devics I wish to mention utilizes the interaction of
epin waves with longitudinal phonons (see Figs1)s Now if the rod is
oriented parallel to any acoustic pure mode axis, <100 <110> and
<111>, this interection venishes (8), but if the red is cut half way
botwesn <100> and <110> the interaction becomes allowed (9). The
effective magnetoelastic coupling coefficlent im, however, sbout 5
times smaller than for shear waves in the <100> YIG rod. Cen-
sequently, the spin-phonon converaion efficiency in the region of C
is reduced and, in gensral, some of the emergy 'hops' across to ths




4ransverse phonon branche Thus one seea two echo patterns.
However, at high frequencies the longitudinal phonon should be much
the stromger, and a 2-port device becomes possible by evaporating a
plesoalectrio thin fllm transducer (e.g. CdS or Zn0) to the endface
B. ) -

This, and a closely related mechanism can also mccount for the
exoitation of longitudinal microwave phonons by Ni film transducers
excited to ferromagnetic resonance (10). Note that, from Fig.1, the
longitudinal phonon has 'first option' on the spin wave ensrgy
because its dispersion curve crosses the spin wave dispersion curve
at a lower k-valus than does the transverse phonon dispersion curve.
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