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Microstructure-related relaxation and spin-wave linewidth in polycrystalline ferromagnets
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The theoretical approach of two-magnon scattering in polycrystalline ferrites by Sparks, Loudon, and Kittel
[Phys. Rev.122 791(1961)] aiming at the microstructure-related relaxation of the uniform precession mode
is extended to describe the relaxation of spin-wave modes. Within this framework we introduce a unified model
that describes the influence of pores and microdomains on the relaxation of both the uniform precession and
spin-wave modes. It is shown that the spin-wave linewidth does not only depend on the wave number—as
assumed in conventional theory—but also on the propagation direction of the spin waves. This will, in
particular, affect the damping of the critical modes at spin-wave instabilities, when probed in different experi-
mental configurations. The effect of the number and size of pores as well as the influence of domain size and
anisotropy is studied in detail, and as will be shown, this results in quite different parameter dependencies.
Good qualitative and even quantitative agreement with previous experimental data is achieved without using
any fit parameter.
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I. INTRODUCTION Spark§~" and explained by Sparks, Loudon, and Kittel
The present boom in the communication industry hadSLK)® to result from two-magnon scattering processes. Ex-
raised the demand for specific microwave ferrite material€fimental results concerning the influence of grain size on
necessary to construct passive microwave devices, such 4 SPin-wave linewidth were explained in a phenomenologi-
isolators or circulators. High-power applicatiofesg., com- Ca Way by the transit time model by Borghesé;

11-13 4
ponents for transmitters, accelerators or radegquire spe- Patttl)ln,h and ic?tteiﬂ 4 qualitativel i ‘i
cific materials having low-loss properties in combination All these models could qualitatively explain part of the

with a stable high-power performance. From the point ofoPServed effects, but a quantitative agreement was generally
Iralcklng, and some of their detailed predictions clearly con-

view of the underlying physical mechanisms these technic dict the experimental findinas. Eor examole. the approach
requirements may be considered as antagonistic, since th%z SLK® as vf/)ell as the trans?t time modéfg, p,redictepdpa

call for low dissipation of the uniform magnetization mode, \ iy e 1 mber dependence of the spin-wave linewidth linear
but for high dissipation of critical spin-wave modes in order;, \ “\yhich means a vanishing effect of pores and grains on
to prevent the occurrence of mstabl_llﬁésha_t could destroy long-wave modes. In contrast to that many experiments did
the device. In conventional matengl design t_hese two dezpow that the linewidth of long-wave modes, t0o, is mark-
mands exclude each other. Increasing the spin-wave damagly increased with increasing porosity or decreasing grain
ing, e.g., by chemical doping would simultaneously increasgjze. So, in practice, experimental data have been fitted to
the damping of the uniform magnetization. Vice versa, theyial functions, such adH,=A+Bk6 where the striking in-
use of ultrapure materials would guarantee low propagatiogrease of the parameteék with porosity remained unex-
losses, but also decrease the spin-wave damping and, conggained.
quently, the instability threshold. The aim of this paper is to discuss a microstructure-
The recent progress of micro- and nanotechnology hasduced relaxation mechanism that could account for both
offered new ways to influence material properties by ma-cases. We will show that an extension of the SLK theory can
nipulating the microscopic structure and to tailor these propexplain the relaxation of both the uniform mode and of spin
erties by specific kinds of preparation. This can be a way outvaves with arbitrary wave vectdr. We demonstrate that the
of the above dilemma and allow one to change the dissipasommon restriction tavave-numbedependencies turns out
tion of the uniform magnetization and of the spin-waveto be insufficient, and one has also to includedivection of
modes independently of each other. It is well known that thevave propagation. This means that the spin-wave linewidth
size of grains and pores in polycrystalline ferrites can draAH, is no longer universal for a givek but depends on the
matically affect the observed linewidths of ferromagnetickind of experiment performed. One important consequence
resonancgFMR). Schlémans attributed the broadening of will be that the thresholds for different types of spin-wave
the FMR line to microscopic nonmagnetic comprisgisres instabilities (e.g., first- and second-order Suhl instability,
and was able to give a reasonable quantitative explanation iparallel pumping instability are no longer related to each
terms of hissingle-pore modelLater he studied the effect of other but have to be explained by independent values of
local anisotropy in randomly oriented microdomaigsains) AH,, since the respective critical modes are propagating in
and explained the inhomogeneous broadening of the FMR idifferent directions. Within the same framework we extend
terms of hisindependent grain modéIThe relaxation of the our model to include the influence of grain size and aniso-
uniform mode by pores and surface pits was investigated btropy on relaxation. Their effect is studied, in detail, and
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turns out to result in parameter dependencies quite different_ div I\7I(F’)
from that of the pores. We compare our results to experimenHy(r) = - grad®(f) where ®(r) = —,d3r
tal data from the literature. —
(4)
Il. THEORY For further convenience we split the demagnetization field

into two partsHy(r)=Hy(r)+Hg,(r), whereH, denotes the

part originating from the boundary conditions of the magne-
The model by Sparks, Loudon, and Kittelttributes the tization at the surface of the pore aHd,, denotes the intrin-

microstructure-induced relaxation of the uniform mode inSic demagnetization field of the spin waves. Now, expressing

polycrystalline material to a two-magnon scattering proces$he magnetizatioM (r) in terms of magnon operators ac-

at pores or surface pits. For simplicity SLK considered thecording to(2) and (3) and using spherical coordinates we

scattering potential of a single spherical pore located in th@btain for the first part ofb(r) arising from the surface of

center of a spherical sample. By means of Fermi's goldeithe pore

rule the resulting decay rate for the uniform mode was de-

rived. The superposition of many of such scattering centers Oy(F) = ﬂTng 4uMs 1[e"”b sm@

finally yields the linewidth of the ferromagnetic resonance b vV 2 0

(which is just the relaxation rate of the uniform mode in field

units) as a function of the density and size of the scattering - —77R3 COS@ (5)

pores. In the following we shall extend this approach to

the more general case of spin waves with arbitrary wave

A. Porosity

and the corresponding componentsHyfir) read

vectorsk.

The magnetizatioM (r) is defined by the local density of 4 M, cos@ _
(dimensionlessspins S;, each of them carrying a magnetic HO(F) = - 7R3/ = A ——[bg€'? - bee™?]
moment 2, summed up over a unit volumé (as far as 3 v
possible we follow the notation of the original paper 4 sin®

- - mR*Mg——, (6a)
MO == 2 S (1)
V(r 4 Mg 1 . .
(7. frevin HE(P) = - - mRe| B0 S [bge + be ], (6b)
3 Vor
By means of the Holstein-Primakov transformatiorhe
spin operatorsS, are transformed into magnon operatbfls 8 MM sin® _ _
and b,. To this end the Hamiltonian of the spin system con- HL(1) = - §7TR3 [boe"p‘ boe™]
sisting of Zeeman, dipolar and exchange energy, is diagonal-
ized to obtain the form of a harmonic oscillator, whereltfje 8 M cos® (60)
andb,, can be understood to represent creation and annihila- Tr S 3

tion operators for spin waves. The magnetizatMir) is S o o
written in terms of such magnon operators, and up to seconihe demagnetization fiell,(r) arising from intrinsic part

order inb*, b, its components read of the spin waves can be obtained the same way. The calcu-
lation is more tedious but straightforwat®land the relevant
terms yield
M) =M ‘—2 [€®*)Th, b} + &K *)Thrb, ], 4ar 2,u
HE(P) = E KXKZ[e'K b, b7 + Kb, ]
2
M o
: 2 £ KLk, = k)b,
) = A /4'“_MS i, F) .
M (F) - Vi %e " b,u' (3) +(kz+iki)e_ikﬂ'rb;], (7a)
Ms is the saturation magnetization, akg and k, are the . HY,(7) = 2 Ksz[elK rb bt +e iK- rb b,]
wave vectors of the spin waves involved in the scattering 2v
process.

A pore affects the propagating spin waves by means of its _ 2 MMSky[(kx iky)enz#-r*b
demagnetization fieltH 4(r). The standard recipe from elec- L ki # H
tromagnetic field theory to obtaid is to calculate the gra- X Ly ikt
dient of themagnetostatic potentiab(r) +(k, +ik))e™" b, ], (7b)
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z —2 4172_’“ pd eIIZFb b* —i}Z-Fb+b
HZ(F) = KZVKKZ[ 0, +€ b,
v

A7 M . -
-3 -z %‘k;[(k; ~ k%),

+ (K + ik e b, (70) . s

whereK is defined by

K=k, =K, (7d) . . : o
FIG. 1. Embedded grain model: Inside a grain the static internal
With these ingredients we are ready to determine the scatield H/ differs from the mean valugl; by the strength and direc-
tering potentialS°" for a two-magnon scattering process tion of the effective anisotropy fielt .
that reflects the change of dipolar energy when introducing

the pore from outside into a homogeneous sample wavek , and of the scattered spin wakg, and@y, 0, and

1 o 0, describe the corresponding directiong(x) denotes a
Fore= — —lJ M - Hydr spherical Bessel function of first order. For spin waves
2| J sample with pore k,>0 thea term in Eq.(9) turns out to become negligible in
L. the following calculation because of the vanishing density of
- f M - Hdd3r} . (8) states for long-wave magnons within the spin-wave approxi-
Sample without pore mation. For the special case of the uniform modedherm

We emphasize that the scattering potential is given by th st compensates one part of the previous sum, so including
changeof the dipolar energy inside the sample, and not by't results in the less complicated for(0). . _
the total dipolar energy as proposed in the original p&per. Accprdlng to I_:ermls gqlden rule the relaxqtlon_rél'tlé,
This ansatz will guarantee that we strictly separate the scaﬁ;h'Ch in magnetic field units means just the I|n8eW|d1h|k,
tering by the pore from other processes which may alread{P" @ Magnon with wave vectde=k,, is given by
occur in the homogeneous material. 1 o

To make the evaluation of the integrals as simple as pos- YAH, = = = >} — (k|92 he oy, — Frww) . (1)
sible, we have already chosen spherical shapes for sample T« 5 h
and pore and a concentric location. We profit from the high . . .
symmetry of such an arrangement by expanding the Spatigecause of energy conservation required for the scattering

phase factors exik -r) into spherical harmonics. Taking ad- Process the spin wave with frequencyw is scattered only

vantage of their orthogonality relations the three-dimensiona)! SP'" waves, W'th frequenC|¢aoky=wk_. By inserting(9) .
r|1to (11), converting the sum into an integral, and taking

integrals can be solved exactly. Then the scattering potentié + 'of the densitv of tat
Sfor spin-wave modes with arbitrary wave vectdrs reads account of the density of magnon states,

explicitly [since we only focus on two-magnastattering v K2 o

rocesses, terms(b'b’ +c.c) have been omittgd k,)=— S , 12
P (b.b, ) d plk,) 27 fy4mMg oSO, y(DK2 + H;) (12
V,
o= ZWMMs—f;—rGE (12cos Oy - 8+3cos Oy, we finally obtain the following expression for the linewidth
Vil of spin waves with arbitrary nonzero wave vect&rs
Jl(KR) + + 20 rk .
+3008 0,) 7 ——[b,b +bib,] arpore= 4mMs Voo L f J max g(0) (Jl(KR)>2
12 Vv 2’77 0 kmin COi@kz) K
+ a2 [b,bg + bybol, 9 2
! X ——2——dk,dg,, (13)
while for the special case of the uniform moge,=0) we v(Dk; +H))
get wherek is the wave vector of the relaxed spin-wave mode,
Voore j1(k,R) k, is the wave vector of the degenerate mode, and
gore= 12’77/.LMS—</L[3 co2(0y,) - 1]k—VR K =k —k, their difference vector®,, ®,,, and @, are the
v corresponding polar angles with respect to the direction of
x> [b,bg + bbo]. (10) the static f_ieldz,oz denotes the azimuthal angle betwdeand
” k,, andR is the radius of the pore. The angular dependent

terms are defined b
HereVyr is the volume of the pore andthe volume of the y

sample. The fractioV,,/V is called theporosity of the 9(0) = (12 cog O — 8+ 3 cod O, + 3 cog O,)° (14)
sample. Thescattering vectork =k, -k, is given by the

difference between the wave vectors of the incident spirand
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k, c0sO,, — k cosO, (15)

cosOy = > - - .
V(K2 + K5) — 2Kkky(COS @, Sin Oy, Sin O + cosB,, cosO,)

D is the spin-wave stiffness artd, the internal static mag- tive anisotropy fieldH,, so that the effective static field in-

netic field. Finally,kyi, and kyax have to be calculated as side the embedded grain is approximately givenHy=H?
functions of frequency» and static magnetic fielth using  +H, cos®, (see Fig. 1 All other grains forming the poly-

the dispersion relation for spin waves. ' crystalline sample are randomly oriented and are summa-
For the particular case of uniform precessiér=0) we  rized in a mean field. Then the Hamiltonian for the two-
reproduce the result obtained by StK magnon scattering proces®@" reflects the change of
Vv dipolar energy of the sample when “switching on” the aniso-
AHBe"e= 3(47TMS)—<P;—“9RQ)O tropy inside the embedded grain
K 2 2 ] ..
XJ‘ max (3 cog Oy, — 1) Jl(l;zR) . Qorain= _ E|:f Hi (P dBr
Kinin cog0y,) v(DK5 + H;) sample with aniso.
16 I
(19 —f M-H(Od¥ [. (17
From (16) we can numerically calculate the resonance and sample without aniso.

off-r_esonar_nce losses of the umft_)rm mo_de, which will b_e (.)f Focusing on two-magnon scattering contributions only,
particular importance for material design. Because WIthIr\Ne

most applications ferromagnetic materials—ferrites—are op: <. follow the formal derivation given in Sec. Il A. By
PP omag . T panalogy with Egs.(13) and (16) we obtain the linewidth
erated off resonance it is important to describe the influenc

of porosity in this regime. Here not only the total porosity €ontribution induced by grains for spin waves with arbitrary

Vpord V but also the pore sizR is very important, which is
not the case on resonarfc&or example it can be shown
from (16) that the bigger the pores the less is the influence on AHZaN= 3M‘ o —
the off-resonance losses compared to the resonance line- VvV 4nMs 2m
width. In experiment these losses are measured and de- 27 (kmax  j2(KR) K2
Xf f J1
0 kmin

H2 cod IV

scribed in terms of the so-callezffective linewidti®> From > 22 dk,des,
(13) we obtain the spin-wave linewidth for nonzetpwhich K*cos®y, 1(DK; + Hj)

e.g., is necessary to determine the thresholds of spin-wave (18)
instabilities. Note that not only the porosity, i.e., the relative

volume of the pores, but also the pore size is relevant, espemd for the particular case of the uniform mode we get
cially for k #0 modes. We emphasize that the linewidth of

the spin waves is dramatically affected by their propagation _ V. Hi cog 0,

direction, as will be further discussed in Sec. Il C. The main AHZ™"= 3J\%]WR0)0

advantage of our extended approach is that now the influence s

of porosity on the relaxation of the uniform mode as well as Kmax j"{(sz)

spin waves is treated within the same model. This provides J 05O, (DK + H_)dkz- (19
us with more reliable grounds when designing materials with Komin K2 200

optimized microstructure. Here, ®, denotes the angle between the easy axis of the

o _ embedded grain and the magnetic fidRithe grain radius,
B. Grain size and anisotropy Vgrain the grain volume andv again the volume of the

Schlémanf has analyzed the influence of grain size andsample. The crystalline anisotropy is randomly oriented, so
crystalline anisotropy on the relaxation of the uniform mode when considering the contribution of all grains of the sample
Unfortunately his model is formally too complex to be ex- we have to average co®, over all orientations and replace
tended to the general case of nonzéraspin waves in a it by its mean value%. In total we haveVy.,,=V because
straightforward way. Here we develop a model describingeach grain of the sample contributes to the scattering process,
the anisotropy-induced line broadening for nonzkrepin  and the common prefactor in Eq4.8) and (19) reduces to
waves in terms of a two-magnon scattering process. 1.5H,2\ka,0/ A7Mq,

The basic idea is to replace the pore in our previous ap- The Eqs.(18) and(19) describe the linewidth broadening
proach, Sec. Il A, by a spherical “embedded” grain of radiusresulting from the anisotropy-induced two-magnon scattering
R in the center of a spherical sample. The crystal orientatioprocess. This way the two most important forms of micro-
of this grain is well defined but arbitrary. Strength and direc-structure, namely, porosity and grain size, can be treated
tion of the crystalline anisotropy are described by an effecwithin a unified model
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25

FIG. 2. Spin-wave linewidtmAH,(k) for
=4.5 GHz calculated for polycrystalline YIG
with 1% porosity and a pore size of &m.

k[10%em]

C. k dependence of spin-wave linewidth In order to get some intuitive understanding of these nu-
merical results we have illustrated the scattering proceks in

Thek dependence of spin-wave linewidit, has widely space. Let us first consider the reason of the wave-number

been discussed in the literature. It was found that for differ- X L
dependence. In the case of big pores the regiok space,

ent experimental configurations, e.g., parallel pumping, first- hich significantly contributes to the integral in B43) is a

and second-order Suhl instability, one had to use different fif! : 2 5
parameters foAH, to explain the corresponding dafat61° small sphere of radius ®[due o the terj}(KR)/(KR)"].

Our model can explain these deviations in a straightforwar(;rhiS s_p_here Is center_ed close to the origink_oipace when
way. describing the scattering of long-wave modlEgy. 3a)]. For

As a first approach let us neglect the angular dependenc’?eo'n'waves with ."’%fgek’ _the_ smgll sphere is Ipcated farer
of AH,, i.e., we assume thatH, depends only on the wave away from the origin, which implies that for a givé&nvector

: : : : f direction 6, all scattering contribution&, have more or
numberk. Then we find an approximate analytical solution 0 k@l 2= 2
for the integral in Eq(13) as follows. For largeR the func- less the same directidiig. S(b_)] and_ the same amount. So,
tion jf(KR)/(KR)Z is strongly peaked &R~ 2 and for suf- the angular dependent terms in the integral can bf—} considered
ficiently high values of the internal static field; we can as constant, and thie-dependent factor should directly re-

replace the integrand by &function. Then Eq(13) results (a) Ky
in
pore XE Dk 1252
AHP e ArMg——(k°R°+ 4kR+ 2). (20
V H

. . N . . AR,
We see that the spin-wave linewidth is no longer lineak,in K
as assumed in conventional theory and, in particular, in the P%

SLK paper Apart from the linear term there is a term pro- e

portional tok? and, even more important, a constant term, all Ky ko

of them reflecting two-magnon scattering processes induced

by the pores. We emphasize that, even within such a rough

approximation, we can for the first time explain the influence

of microstructure on the relaxation of spin waves in the long- (b) K> 4/R
wave limitk—0.

In a qualitative way this simplified form shows already
the main contributions, but it is still improved when includ-
ing the full angular dependencies of Eq4.3) and (18),
which also turn out to be of major influence. Figure 2 shows Ky
the k dependence of the spin-wave linewidii, calculated
numerically from Eq.(13) for the propagation angles
=90°, 45° and 0°(As will be discussed in Sec. lll, according ky
to standard theofy these angles correspond to the critical, Ky
i.e., most unstable spin waves for the parallel pumping insta-
bility and for the first- and second-order Suhl instabilities.  FiG. 3. Relevant region ik space for the scattering process in
Our simulations clearly demonstrate that the spin-wave linepig pores.(a) For small wave numbers the small sphere of radius
width is neither a simple constant nor a linear function of2/R vyields contributions from a large solid angléh) For large
wave numberk, but depends on botk and 6, in a more  wave numbers only a small angle contributes significantly to the
complicated way. integral.

=l
Al
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o grain surface to voluméi.e., proportional to 1R), the ex-
perimental value oAH,, which was found to be proportional
to the inverse grain size, can be well explained by our model.

Other explanations for this behavior are still missing.

Ill. APPLICATION TO HIGH-POWER PROPERTIES:
THRESHOLD OF SPIN-WAVE INSTABILITY

Spin-wave instabilities are based on the resonant paramet-
Kk ric excitation of spin waves induced by an external micro-
wave field. The parametric mechanism is either based on the
FIG. 4. Location of critical modes in the spin-wave band.  direct coupling of the spin waves with the microwave field
. ) . component oscillating parallel to the static magnetic field
flect tr;e k2 deg)lendence of the spih-wave linewidth (parallel pumping,? or indirectly by their dipolar coupling to
AH~k%Dk“+w)™". In the large k limit Dk>w this  {he yniform mode pumped by a transverse microwave field
factor, too, becomes constant. However, from thefirst- and second-order Suhl instabiliti€sThe efficiency of
@o-integration we get an extra weighting byRireflecting  excitation depends on the damping of the modes to be ex-
the aperture of the small sphere. So in total, we obtain gijted, i.e., the spin-wave linewidth is the crucial property that
dependence proportional kofor intermediate wave numbers  determines the thresholds of these instabilities. Recall that
[K<k<(w/yD)"?], but proportional to 1K for very large  the standard technique for evaluatingi, is to measure the
wave numbers. This is the reason for the increase of th@arallel pumping threshold.
spin-wave linewidthAH, in Fig. 2 followed by a decrease | et us consider here the case of the first-order Suhl insta-
after having passed a maximum. bility where the transverse pumped uniform mode excites a
The angular dependence ﬁHk is somewhat more diffi- pair of Spin waves at half the pump|ng frequer(@FZwk)_

will be different when the wave vector of the incident spin

wave is at the upper edgé6,=90°), in the middle B AH,wy V(w = wo)?+ (yAHy/2)?
(Bk:_45°), or at the Iovyer edgég,=0°) of the spin-wave °7 | y4mMgcosO, sin®,  (YH; + DI+ ) |
manifold (Fig. 4). For big pores and large wave numbérs 21)
we haved = 6,,, and therefore, via the density of magnon

states, we have a direct and pronounced influencé,@in  The threshold becomes lowest when simultaneously the reso-
the integrals of Eqs(13) and(18). nance conditions for the uniform mode=w,) can be sat-

In principle, the angular dependent factgf6)/cosé, isfied, which is possible only for a limited frequency regime
should explain the observed variation of linewidth taking(the so-called coincidence regijndn any case, since the
O~ 6,=90°, 45°, and 0°, respectively, while averagidg spin-wave linewidthAH, for polycrystalline samples was
over all possible directions. Qualitatively it is evident that, found to be stronglyk dependent, one has to minimize Eq.
even when choosing the same sample and the same field a(®ll) on variation of bothk and 6, in order to find the mode
frequency parameters, we obtain different spin-wave linewith the lowest threshold. This critical mode is the first one
widths for different experimental configurations, which is theto become unstable.
consequence of the different propagation direction specific Figure 5 shows the numerical result based on the ex-
for the corresponding critical modes. This explains, e.g., theended SLK theory and the embedded grain model. The
higher values ofAH, derived from the first-order Suhl insta- minimization is carried out with respect to all possitde
bility (6,~45°) compared to the parallel pumping casevalues of degenerate modes. The experimental data on YIG
(6,~90°). In fact, experimental data from the first-order spheres were taken from Silber and Paftdofihe measured
Suhl instability and from the parallel pumping instability grain sizea, was 30 and Sum, and the total porosity
taken on the same set of samples did show a larger spir=V,/V was 0.5% and 1.9%, respectively. We used these val-
wave linewidth in the first-order cagél?16 ues in our simulation, and in addition we assumed an average

Thus far only big scatterers were treated. For small scatpore size of 0.05um and an effective anisotropy field
terers(e.g., R<20 nm), the relevant sphere ik space be- strength of 66 Oe. Our theoretical curve fits the experimental
comes very large andH, was found to be nearlindepen- data quite well without using any fit parameters. A new and
dent of wave numberk. For the same reason the angularimportant result is that the increase of the threshold for
dependence oAH, vanishes and the scattering process behigher magnetic field$d; (corresponding to lowk values
comes more isotropic, as recently suggested in Ref. 20. Inan qualitatively be well explained and shows even quanti-
fact, experiments have showrkdndependenincrease of the tatively reasonable coincidence. In particular, the observed
spin-wave linewidth with decreasing grain sfZeThis be- increase of the minimum of the threshold curve with increas-
havior does not follow the embedded grain model but can béng porosity is well described. All previous models failed to
interpreted to result from many small scatterers located at thexplain such a behavior.
surface of the grains. Since the number of such small scat- It is important to note that thk dependence of the spin-
terers is expected to increase proportional to the ratio ofvave linewidth due to microstructure gives rise to an addi-
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IV. SUMMARY

20

The influence of the two main parameters of microstruc-
ture, porosity and grain size, on the relaxation of the uniform
mode as well as spin-wave modes has been investigated
within the framework of a unified model. By extending the
SLK theory to account also for spin-wave modes with arbi-
trary k, the effect of microstructure on the spin-wave line-
width AH, is now well understood. In particular we were
able to explain(i) the wave-number dependencef,, (ii)
| the angular dependence &, (concerning the direction of
0 500 1000 1500 k) which results in a drastic change of the linewidth for

internal static field H ; [Oe] different experimental configuration@ii ) the importance of
the size of pores and graingy) the influence of the crystal-
line anisotropy, andv) the effect of such linewidth proper-
ties on the threshold for spin-wave instabilities. Calculating
the threshold of the first-order Suhl instability, we obtain

FIG. 5. Threshold of first-order Suhl instability for polycrystal- realistic values for the threshold without using any fit param-
line YIG with different porosities of 0.5% and 1.9% and different ©ters.
average grain sizea, of 5 and 30um, respectively. The dashed The detailed knowledge of the influence of microstructure
line shows calculated values for the dense sample and the solid lien the relaxation of the uniform mode and of spin-wave
for the sample with higher porosity of 1.9%. The correspondingmodes brings us back to our starting problem: How to tailor
data are taken from Silber and Pattgref. 16. low-loss ferrite materials with a stable high-power perfor-

tional frequency dependence of the threshold value. This wagance. The different effects of pores and grains on the line-

already observed by Green and Saidp experiments on Widths of the unifqrm mode and of spin-wave modes can .be
polycrystalline samples, but a connection with microstruc-th€ key for a possible design. For example, a small grain size
ture had not explicitly been proven. This frequency depenSeems to be optimal for a large spin-wave linewidth—and
dence is very important for technical application and has tdherefore also the instability threshold—and a relative small
be realized, when using the value®#,, determined from a linewidth of the uniform mode. Moreover our calculations

standard parallel pumping experiment at 9 GHz, to calculat@redict a strong dependence on frequency and direction of
the threshold of, e.g., the first-order Suhl instability at, saythe relevant spin wavk which also needs to be considered
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3 GHz. The result could be wrong by a factor of 2. within the design process of such materials.
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