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1. Introduction

When the microwave magnetic field applied to a ferrite polarised by a static

magnetic field set to a volue below that required for resononce exceeds a certain

threshold value, unstable spin waves cause absorption of energy in the ferrite.

This effect, termed the subsidiary absorption, manifests itself in a ferrite

campanent as a non-linear increose in attenuation above a critical power level and

can far exceed the attenuation at low power levels. There are two ways af sup-

pressing such non-linear lass. One is ta reduce the grain size of the ferrite so as

to break up the unstable spin waves; the ather achieves the same result by

frequency modulation af the micrawave field ar amplitude modulation of the applied

static field. These modulation methads are discussed in this paper, and for

reasans outlined later, only the parallel-pump instability is considered.

Suppressian of the subsidiary absorption by frequency modulation of the

microwave field was suggested initially by Suhll who derived the fallowing

criterion for suppression:

()hc 2 1 (1)
~= Jn’ (p)

where hc is the critical madulated field, ho is the critical unmodulated field, and

/3 is the maduiation index. This theory wos later impraved by Morgenthaler2, who

suggested that frequency modulation has the effect of channeling pawer inta side-

bands, each of which has an amplitude less than that of the unmodulated carrier, so

increasing the instability threshald. This theory gave rise to the suppression

criterion:

(2)

where integer n is adiusted ta make the expression a minimum. The thearies af

Suhl and Morgenthaler were verified by Hartwick, Perresini and Weiss3, and Ollom

and Golds tein4 respectively far madulatian frequencies fm>>yAHk an[y, where

AHk is the spin-wave Iinewidth, and y is the gyromagnetic ratia. it is the abiect

af this paper ta present a theory which is valid for all values of fm, and to do this

allawance must be made fat the Iinewidth of the non-linear process.

2. The General Suppression Criterian

Suhl’s and Schlomann’s5 criterion far~instability af a spin wave af frequency

ok is given by:

(3)

95



where qk = yAHk/2, hc is the critical microwave field magnitude, of frequency co,

and pk is a function af k. The critical field for a spin wave, frequency ok, and

microwave field, frequency Zak, is therefore given by:
.

(4)

Similarly, the critical magnitude, hc, of a micrawave field of frequency O, for a

hz -(”k ‘:~+qk’

spin wave of frequency ok is given by:

c– (5)

Pk2

[ 1-
~k2

i.e. hcz
~? = hk2

()

2
— (6)
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This equation suggests that ot the threshold, the field hc, frequency co, is “seen”

by the kth spin wave to have an effective value given by:

IT

2

(“, -“>

2
~

(7)

‘V,
2

2

If several fieldsare present, with magnitudes h,, hz, ha -–– hn, frequencies

(01, W2, @3, --- an, the kth spin-wave threshold is determined by the energy

channeled into this spin wave fram 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

This principle may be applied to the case af a frequency-modulated signal.

h = hocos(~o t + /3 sin vmt) (9)

where co. is the carrier frequency, ~ = 2rfd/vm is the modulation index, fd is the

deviation frequency and Vm = 2rrfm. BY expanding equation (9) in terms of Bessel

functions, and substituting the resulting frequency components in equation (8) we

obtain: (lo)

where x = 2cok - rJo. Since hoz is proportional to the power in the applied signal

and hkz to the threshold power of an unmodulated signal, ho2\hk2 is therefare, a

measure of spin-wave suppression of the kth spin wave. It is now only necessary

ta adiust the value of @k to minimize equation (10) to determine the suppression

ratio, (ho/hk)min, and the actual power handling improvement abtcrined,

(ho2/hk2)min. This is best done with the aid of a digital computer.
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For amplitude modulation of the stotic mognetic field equation (10) is modified

only by chongi ng the value of ~, since as shown by CourtneY6 static field

modulation is equivalent to applying a frequency modulated signal

h = hacos(aat + ~’s. in vm’t) (11)

where ~’= 2hm~/ fro’,

‘7

hm is the amplitude of the static field modulation, H is

the static field an fm ‘= vm’/2n is the modulation frequency. The cose of

combined static field amplitude modulation and signal frequency modulation can

now be considered by writing the microwave field os

h = hocas(~o t + ~ sin vmt + ~’sin vm’t) (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 cleor 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 far fm>>yAHk, as is indicated in Fig. 1 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

deviatian frequency is a minimum (apprax yAHk), a fact observed experimentally by

Ollom and Galdstein for a single-crystal YIG sphere. In Fig. 2 these experimental

results are compared with the criterion af equation (10), and excellent agreement

is observed aver the range of values of fd and fm considered. Fig. 3 campares

experimental results obtained by the authors far 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 ta investigate the validity af the criterion of equation (10) in the case

of waveguide components utilizing palycrystal line ferrite, the effect of static field

madulatian was investigated experimentally for a Reggia-Spencer phase-shifter

(Iangitudinally -magnetized rad 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 af 100 KW at 5.4 Gc\s were applied ta the campanent

under test via a power divider, and the anset of the subsidiary absorption was

determined by observing the farmatian of a spike an the leading edge af the pulse

after transmission through the ferrite. Perpendicular pumping was assumed and the

spin-wave linewidth estimated fram the time constant associated with the spike.

Results for the Reggia-Spencer phase-shifter and the non-reciprocal phase-

shifter are shawn in figures 4 and 5 respectively. The gaad agreement between

theory and experiment suggests that equations (10) and (11) can be used with

confidence to predict spin-wave suppressian in practical devices, and justifies the

assumption af perpendicular pumping, i.e. the transverse microwave magnetic field

is responsible far the subsidiary absorption.

From a practical point of view, the modulating fields and frequencies required

ta abtain significant improvement in the power-handling capability af a poly -

crystalline ferrite device are probably inconveniently large, eg. fm = 4Mc/s,

hm = 0.6 oersted (peak) far 3 db improvement. Certain cases, however, may iustify

the extra equipment required ta provide the static-field modulation as, for example,

when there is a need to extend the power-handling capability af an existing ferrite

campanent.
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FIG. 3- Static Field Amplitude Maculation.
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FIG. 4- Suppression Curves and
Experiments I Points for Reggia-
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FIG. 5- Suppression Curves and
Experiments I Points for N.an-
Reci vocal Phase-shifter

TRAK MICROWAVE CORP.,

4726 Kennedy Road, Tampa, Fla.

is the recognized leader in en ineering and manufacture of
~microwave energy sources. Pro ucts include triode and solid

state energy sources, multipliers, filters, sub-a ssemb lies...
frequencies from 50 MHz to 16.75 GHz.
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