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1. Introduction

When the microwave magnetic field applied to a ferrite polarised by a static
magnetic field set to a value below that required for resonance exceeds a certain
threshold value, unstable spin waves cause absorption of energy in the ferrite.
This effect, termed the subsidiary absorption, manifests itself in o ferrite
component as a non-linear increase in attenuation above a critical power level and
can far exceed the attenuation at low power levels. There are two ways of sup-
pressing such non-linear loss. One is to reduce the grain size of the ferrite so as
to hreak up the unstable spin waves; the other achieves the same result by
frequency modulation of the microwave field or amplitude modulation of the applied
static field. These modulation methods are discussed in this paper, and for
reasons outlined later, only the parallel-pump instability is considered.

Suppression of the subsidiary absorption by frequency modulation of the
microwave field was suggested initially by Suhll who derived the following

criterion for suppression:
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where hc is the critical modulated field, hg is the critical unmodulated field, and

B is the modulation index. This theory was loter improved by Morgenthaler2, who
suggested that frequency modulation hos the effect of channeling power into side-
bands, each of which has an amplitude less than that of the unmodulated carrier, so
increasing the instability threshold, This theory gave rise to the suppression

criterion:
ho . 1
(Ho—j‘— min (an (ﬁ) > (2)

where integer n is adjusted to make the expression a minimum. The theories of
Suhl and Morgenthaler were verified by Hartwick, Perresini and Weiss3, and Ollom
and Goldsteind respectively for modulation frequencies fiq >>yAHk only, where
AHf is the spin-wave linewidth, and y is the gyromagnetic ratio. It is the object
of this paper to present a theory which is valid for all values of fy, and to do this
allowance must be made for the linewidth of the non-linear process.
2. The General Suppression Criterion

Suhl’s and Schlomann's3 criterion for 'instability of a spin wave of frequency

wk is given by:
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where nk = yAHK/2, he is the critical microwave field magnitude, of frequency o,
and Py is a function of k. The critical field for a spin wave, frequency wk, and
microwave field, frequency 2wk, is therefore given by:
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Similarly, the critical magnitude, he, of a microwave field of frequency w, for a
spin wave of frequency wk is given by: © 4 ,
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This equation suggests that at the threshold, the field he, frequency w, is ‘‘seen”
by the kth spin wave to have an effective value given by:

2
Mk
he z N
- s 2
If several fieldsare present, with magnitudes h , h,, h, ——— h_, frequencies
@y ®z, W3, ——— wp, the kth spin-wave threshold is determined by the energy

channeled into this spin wave from these fields; it is reasonable therefore, to
postulate that at the threshold the effective values of these fields seen by the kth
spin wave contribute to its amplitude so that

(8)
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This principle may be applied to the case of a frequency-modulated signal.

h = hgcos{wo t + B sin vpt) )
where we is the carrier frequency, B = 2nfd/vm is the modulation index, fd is the
deviation frequency and vy, = 2#fp,. By expanding equation (9) in terms of Bessel
functions, and substituting the resulting frequency components in equation (8) we

obtain: ) (10)
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where x = 20k — wo. Since ho? is proportional to the power in the applied signal
and hi? to the threshold power of an unmodulated signal, hg®/hk? is therefore, a
measure of spin-wave suppression of the kth spin wave. It is now enly necessary
to adjust the value of wk to minimize equation (10) to determine the suppression
ratio, (ho/hk)min' and the actual power handling improvement obtained,
(ho®/hk?)min+ This is best done with the aid of a digital computer.
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For amplitude modulation of the static magnetic field equation (10) is modified
only by changing the value of 8, since as shown by Courtneyb static field
modulation is equivalent to applying a frequency modulated signal

h = hocos(wgt + B sin vy ’t) (11)
where 87 = 2hy 3 / fm’, hm is the amplitude of the static field modylation, H is

the static field and f, 7= v 7/27 is the modulation frequency. The case of
combined static field amplitude modulation and signal frequency modulation can
now be considered by writing the microwave field as

h = hocos(wg t + B sin vt + B sin vy 7t) (12)
By expanding this equation in terms of Bessel functions, an expression for the
suppression ratio is readily obtained as described above for frequency modulation
alone. It is clear from these examples that this theory can be extended to apply to
any modulation waveform.

3. Experimental Results

Consideration of equation (10) shows that it reduces to the criteria of Suhl and
Morgenthaler for f,>>yAHY, as is indicated in Fig. T which compares the three
criteria discussed in this paper. It is seen that the theory presented here predicts
an optimum modulating frequency for each suppression ratio, at which the
deviation frequency is a minimum (approx yAHy), a fact observed experimentally by
Ollom and Goldstein for a single-crystal YIG sphere. In Fig. 2 these experimental
results are compared with the criterion of equation (10), and excellent agreement
is observed over the range of values of f4 and f;, considered. Fig. 3 compares
experimental results obtained by the authors for amplitude modulation of the static
field of a single-crystal YIG sphere, with the criterion of equation (10) modified by
equation (11). Again, good agreement is observed despite the difficulty of measur-
ing the magnitude of the varying magnetic field.

In order to investigate the validity of the criterion of equation (10) in the case
of waveguide components utilizing polycrystalline ferrite, the effect of static field
modulation was investigated experimentally for o Reggia-Spencer phase-shifter
(longitudinally-magnetized rod in rectangular waveguide) and a non-reciprocal
phase-shifter (transversely-magnetized slab in rectangular waveguide), both using
magnesium-manganese ferrite with saturation magnetisation 1150 gauss. 1- psec
pulses with a peak power of 100 KW at 5:4 Gc/s were applied to the component
under test via a power divider, and the onset of the subsidiary absorption was
determined by observing the formation of a spike on the leading edge of the pulse
after transmission through the ferrite. Perpendicular pumping was assumed and the
spin-wave linewidth estimated from the time constant associated with the spike.

Results for the Reggia-Spencer phase-shifter and the non-reciprocal phase-
shifter are shown in figures 4 and 5 respectively. The good agreement between
theory and experiment suggests that equations (10) and (11) can be used with
confidence to predict spin-wave suppression in practical devices, and justifies the
assumption of perpendicular pumping, i.e. the transverse microwave magnetic field
is responsible for the subsidiary absorption.

From a practical point of view, the modulating fields and frequencies required
to obtain significant improvement in the power-handling capability of a poly-
crystalline ferrite device are probably inconveniently large, eg. fm = 4 Mc/s,
hy = 0:6 cersted (peak) for 3 db improvement. Certain cases, however, may justify
the extra equipment required to provide the static-field modulation as, for example,
when there is a need to extend the power-handling capability of an existing ferrite
component,
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