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1. INTRODUCTION

A meticulous conception regarding modal spectrumd, its frequency/magnetic bias dependency, is
mandatory for efficient gyromagnetic device chagdeghtion at Watts and Kilowatts. A preliminary neod
spectrum theory was developed by Auld [1] and Wejgkspecializes Auld [1] theory to model interiact
between electromagnetic modes to a single magatiosimode. The modal interactions between
magnetostatic waves either in non-exchange andaexgh limit with electromagnetic waves have been
reported in literature for both linear and non-ingesponse [3-5]. In microwave ferrite devicesisibf
interest to establish that how the magnetostatiform precession mode interacts with the electromeéig
modes at higher power thresholds. In this papecdgling solving a uniform precession magnetostatid
expression and electromagnetic field equation ifindgical coordinates with the magnetized vector
expression develops expressions. By substitutireg rédated field components of each boundary value
problem in cylindrical coordinates to the fillingdtor expression and by imposing condition of ogtivality
provides the required filling factor expressions fitanar gyromagnetic disk, and axially magnetizedular
gyromagnetic cavities. The proposed formulatiorflegible and can be used to evaluate coupling facto
expressions for any gyromagnetic boundary valublpro having properly defined demagnetization fagtor
field expressions and orthogonality conditions.

2. MODAL COUPLING FORMULATION
The coupling factorB,, specifies the coupling betweer" \magnetostatic mode to the™n
electromagnetic mode and is given by [1];

Journal homepage: http://iaesjournal.com/online/index.php/IJECE



610 O ISSN:2088-8708

W=l [ Eamw””)dv
ferrite (1)

WhereD¢ is the magnetostatic irrotational pdnt, normal electromagnetic magnetic field component a

m

Ho represents the normal magnetostatic part in theled field expressions. Similarly the factdt,,,
specifies the coupling between th& aelectromagnetic mode to thé" magnetostatic mode and can be
expressed as;

Kvn - _% h_n UT]\/* dv
Iuo ferrite (2)

2.1Coupling Expressionsfor Electromagnetic/ Uniform Precession M ode | nteractions

If the coupling factor is small electromagnetiddi@attern is relatively uniform inside the sample
and only the uniform mode among all the magnetiecstabdes is coupled to the electromagnetic modé&][1,
The magnetostatic field for the uniform mode isegi\by;

‘[( up)] Mo/ 4,
Wy

3)
The resonant frequency for the uniform precessambe expressed as;
a{Jp:_wo-'-llza)m(a\lz_ 1) (4)
where\, is the demagnetization factor in the z-direction.
Mup / 44, = (@ = jay)/\/ZVéJ%pt) 5)

Substituting Eq. (4) & Eq. (5) in Eq. (3), the magrstatic field for the uniform mode becomes;

=1/2(3N, +1)7(a\*/_5‘y) i)

The electromagnetic fleldhn can be expressed in Cartesian coordinates as;

h,=(h,a+ h,a+h,a) @

Egs. (8-9) are obtained by expressing a linear @eaion of rotational and irrotationalmagnetostdiidds.
Adding Eqg. (5) to Eqg. (6), and by making use of ¢éhectromagnetic field expression in Eq. (7), andlfy
substituting these results in Egs. (1-2) yieldsE§s9)Eq. (1) & Eq. (2) describes the coupling between
electromagnetic and magnetostatic modes in the hemkectrum plane. Similarly the modal interaction
formulation between an electromagnetic mode toaunifprecession modes is given by;

B, = ~4N1/8V 3N, +1) [ (h,+ jh, )
ferrite (8)
Ko ==V1INaw, [ (h,+ jh,)dv

ferrite
C))
The Filling factor (F), which is simply the multibge product of the coefficients determined in E&8). and
Eq. (9), £ = B,Ko/wm) can be obtained by using Eqgs. (8-9) and is gbign

2
[ o+ jhny)d+
ferrite (10)

(6)

F =y /43N, +1)

3. RESULTS& ANALYSIS
By employing standard coordinate transformatiomfi@artesian to cylindrical coordinates gives
the magnetization of the uniform mode as;

(@ - jas) o (i)
Rl L
@ (11)

rmp/,uO
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The electromagnetic field expression in Eq. (7) lbarexpressed in cylindrical coordinates as;

h =(h,(r, z)_a +h,(r, z)_a+ h(t 2)_61) é (12)

Similarly the filling factor Expression in Eq. (1@kes the form;

ferrite

F=p/&EN,+1) [ (h+ jhe)exp(i )dfd@d%
(13)

Filling factors acutely influence the modal spentrand are presented here for the axially magnepizatar
and circular gyromagnetic cavities.

3.1 Axially magnetized Circular Disk
A schematic illustration of axially magnetized fexffilled cavity of circular cross-section is peased in
Fig.1.

Figure 1. A schematic illustration of an axially gmetized circular cavity.

The filling factor expression in Eq. (10) can beespressed in simplified cylindrical co-ordinatesrm as;

F=FoaN, +1)1]
v (14)
wherd’needs to be determined. The magnetic field exgrassh cylindrical coordinates can be given as;
< JBOn  jaxs, Oe,
k?or k2 ro@
__iBoh, _jaeg, Oe
T k’rag k2 or (16)

h, = AJ k re"’ e/*

(15)

a7
The dominant mode for this problem is ffand factod in Eq. (14) is given by;
L27R
| =[] [(h, +ih,)e’rdrdodz
000 (18)
wherel can be determined as;
= 4mAR SRR 13,(1.84)1.84
(1 84y (19)
The orthogonality condition to be imposed is gigrEg. (20);
[[[eclee +g 1+ul hh+ hh+ hf rd@ oz (20)
By using Eq. (20) the factdrcan be expressed as;
[ =1g+1, 1)
where
:J'Hgofr[e,er* +g¢] rdrd d.
z6r (22)
The required fied expressions to determ'gfellows;
o = Ake 1K) o ol
ke (kn) (23)
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_Aa, 3 (KD o git
ke (kD
And I become;
Ly = [[[sIhh" + b1 rdrdodz
z6r

Substituting the field components in Eq. (23-28lgs;

&

1.19 Vi
ly =—5  A%J2(1.84)[1+ 2Tl
K K (1.84)[ TL)Z]

Using Bessel integral expressions and evaluate@&gields factoAas;
(1.84/RY

2
1,193, (L84 % Y

Finally the filling factor expression in Eq. (14Qraes out to be;

A? =

_0.248(3, + 1)
F“_T
5)2+2.915

[( R) ]

(24)

(25)

(26)

(27)

(28)

The dispersion expression governing the interadtisveen an electromagnetic and magnetostatic fiowde

different values of coupling factor (ff becomes;

W= (11 2)[, + @, + W, F 11/ 4(w,~ @,F + 4w, + @) F + (L] 4 2F?

2 2
o'h, 10, 10,

o’ r oo r266’2+k°2hzzo
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Figure 2. Comparison of developed mode interadti@ory with the resonant frequencies of charadteris
equation for a gyromagnetic filled circular cavityagnetization (M) =140 KA/m, Cavity Radius (R) = 3

mm, Cavity Length (L) = 4mm&= 15, Resonant Frequency)E 12.3 GHz, and the Demagnetization

Factor (N)= 1.
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k2= are g, ~— ()2
M, L (31)

Using Eqg. 24 an&,=0. At the outer radius of the cavity= R, yields a value ok; for the dominant mode
i.e., k.= 1.84/ R Subsituting this value & in Eq. (30) yields;

TT.

() =[are e, ~(L.84IRF T+ —0 ]

L w=w (32)
The related frequency/ bias plot is presented ig. R by making use of Eq. (29) and Eq. (32) and
comparitive analysis included.

The spin wave frequency in Fig. 2 can be determirsidg Eq. 33 and is given by;

Qo =\l(@,~N i+ 0 @K@ ¢ N 0 ZK+ §in°0)]

where lattice spacing (a) is 5x I@n, Exchange field () = 397500 A/mg, =0° and, = 90° represents the
bottom and top of spin wave manifold. The exchaingguencyme = v Hex Wherey = 2.21 x 10 rad m/ A

sec.By employing a similar procedure the fillingctfar expression for a planar gyromagnetic resonator
presented in Fig. 3 becomes;

A H de
ok 1 | -
E Wall 5 |- -
N
J T
| ° 10
| /H wel o — Exact Solutioh
| & 15 - -- Mode
§ L ==~ Segregation
20" . Solution
o Onset of spi
L - wave mod
Figure 3. A schematic illustration of planar - -
gyromagnetic disk Uniform precession
B region -
4
144 21 ] ] ] ] ]
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Figure 4. Comparison of developed mode segregétieory
with the resonant frequencies of characteristiaéiquo for a
planar gyromagnetic disk [Magnetization (M) =140 KA
Disk Radius (R)= 2.52 mng= 15.9, Resonant Frequency)(F
=9 GHz, and the Demagnetization Factoy)€NL.
2p2
F (N, s be (VIR
4 4. 77u L (34)

The expression in Eq. (34) can be further simplifie;
F,=0.209(3N, + 1

The frequency/ bias plot is developed and is itatsd in Fig. 4.

(35)
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4. CONCLUSION

The proposed formulation is flexible and can beduseevaluate coupling factor expressions for any
gyromagnetic boundary value problem having propedf§ined demagnetization factors, field expressions
and orthogonality conditions. This technique hasrbemployed very recently by the authors to develop
four-port X- band differential ferrite circulator6] (1.2 MW peak power, and 2KW average power
operational capability), to be used for air trafficrveillance radar system.
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