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Efficient Analysis of Magnetostatic Surface Waves in
Printed and Suspended Ferrite Loaded Strip Lines

Rachid Rafii-El-Idrissi, Ricardo MarquéMember, IEEEand Francisco Medindember, IEEE

Abstract—This paper analyzes the guidance of magnetostatic containing any kind of dielectric/air layers, with arbitrary mag-
surface waves (MSSW) by a metallic strip printed on a ferrimag- netization. However, in this paper, we restrict ourselves to the
netic slab or on a dielectric/ferrimagnetic structure (suspended study of magnetization parallel to the interfaces, which is the

configuration) in the frame of the magnetostatic approach. An . - . . . .
integral spectral domain analysis (SDA) is used for this purpose. °riéntation causing MSSW propagation [1]. The main physical

Shielding upper and/or lower ground planes are also considered. €ffects resulting from the finite strip width, the existence of a
Some interesting new physical effects, such as backward anddielectric layer between the strip and the ferrite slab and/or the

complex MSSWs in the suspended configuration are reported. orientation of the magnetic bias field, are analyzed. Unidirec-
Good agreement with previously published experimental and {jonajity, propagation of forward and backward waves, presence
computed results confirms the validity of our approach. L

_ _ _ _ of bounded complex modes and strong variations of the phase
_ Index Terms—Magnetostatic waves, microstrips, microwave ter-  and group velocity with the strip width and dielectric thickness
rites. are some meaningful effects that we have encountered.

|. INTRODUCTION Il. ANALYSIS

T HE_propagation of MS_SWS along multilayer d_ielectric- It is a well known fact that both, dielectric-ferrite (DF) and
ferrite-metal structures is a well understood topic (see [fleta)- ferrite (MF) magnetized interfaces can support MSSWs.
and references therein). But usually, metallizations of infinitg,,o frequency range for MSSW excitation along a DF inter-
width are considered. However, the width of the metallizatiog .o ig fi < f < f, whereasfy < f < fsis the fre-

of a practical structure must be finite, being the strip line a mo ency range of excitation of such waves along a MF interface

realistic model in such case. Moreover, magnetostaticstripIin(?j(s1 = VTolo+ Tods f2 = fo+ (12 fms f5 = fo + F

may be of technological interest due to the field confinemt(aj?t (1/20)vp0Hos fm = (1/27)v10M,, ~ is the gyromag-

. . . . 0 —
in the region below the strip. Recently new magnetostatic d&ayic ratio [1],H, is the internal biasing magnetic field and,

vices using strip-guided forward volume magnetostatic WavgSihe magnetization at saturation). This fact suggestsibrat
(FVYMSW) have been proposed [2]. Strip-guided MSSWS may,jiating (bounded) MSSWs can be guided by a metallic strip

be also an alternative. Strip-guided MSSWs can be excited gp{_‘éced on a ferrite slab in the frequency range< f < fs
placing a suspended metallic strip over a conventional MSS¥, 6 i, this range the MF interface allows propagation but the

transducer between the input and output antennas [3]. EXC- interface precludes it. In fact, in [4] it is shown that unidi-

tion of strip-guided FVMSWs by direct feeds has been reported jonal MSSws are guided by strips printed on ferrites in the
in [2]. A similar configuration could be useful for the excitation, hole rangef, < f < fs, although in the rangé, < f < fo

of strip-guided MSSWs, although the feed should be designggy,; nded MSSWs can be also guided by the DF interface. In
taking into account that the first strip-guided MSSW is an odgl;g paper we are interested in studying the guidance of bounded

mode, as it will be shown later. MSSWs along the more general structure in Fig. 1. We will as-

Propagation of MSSWs along strip lines printed over a fefy, e the field dependeneep(—jk. z + wt) in the following.
rite slab with magnetic bias field perpendicular to the strips and . ,rrentfunction is defined at each poimton the strip by
parallel to the slab interface has been analyzed in [4]. In the
present paper we apply an integral SDA to obtain the MSSWs -
guided by strip lines printed or suspended over a ferrite slab. I(z) = / Js, (z") dx’ Q)
The magnetic biasing field is chosen parallel to the ferrite sur- —w/2
face and making an arbitrary angle with the strip Orlentatlo\r/]v'hereJ s Is the strip surface current density. For magnetostatic

The main advantage of the proposed method is that it can 8fodes the total current supported by the strip must vanish, i.e.,

count for any possible ferrite loaded multilayer configuratior}(_w/z) — I(w/2) = 0. This fact can be understood from

both the magnetostatic [4] and the full-wave analysis [5] and im-
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Fig. 1. Cross section of the guiding structure analyzed in this paper.

TABLE |
COMPARISON BETWEEN OUR MAGNETOSTATIC RESULTS AND THE FULL-WAVE
RESULTS IN[6] FOR THESTRUCTURE OFFIG. 1WITH hy = 2 mm,h, = 0.254
mm, hs = 0, hy = 0.254 mm,w = 1.016 mm, uoHy = 0.0275 T,
poMy; = 0.275 T, Freq= 5 GHz
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Fig. 2. Dispersion curves for the phase constant of the first four magnetostatic

modes of the structure in Fig. 1 with = hy — oo, hy = 0.01 mm, k3 =0,
¢ = 0, poHo = 0.0251 T, andpoM; = 0.1760 T. Curves are plotted for

w = 0.1 mm,w = 0.01 mm (solid lines) and for the infinite unmetallized slab

k,(mm™") (dashed lines) and the infinite metallized slab (~ oo; dash-dotted lines).
mode | mode | mode | mode | mode Comparison with the results in [4] is also shown.
1 2 3 4 5
1.521 | 3.104 | 4951 | 6.903 | 8.915 Ref.[6] 30 7
1.506 | 3.097 | 4959 | 6.902 | 8.861 | This method 1
25 4

MSSWs could not be excited in practice, but only that the co‘E
ventional transmission line circuit model does not apply tothE 20 -
kind of waves. x ]

The magnetic field is derived from the magnetostatic poteg 15 1
tial, ¢, as follows:H = — Vv andB = @ - H, whereg is the

magnetic permeability tensor of the medium. An integral equ § 19 ]
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tion can be readily formulated for thecomponent of the mag-
netic flux density along the strip interface 5
Busiy=h)= [ Ga-sihool@d @ o= [ L [
—w/2 26 28 30 32 34 36 38 40
where G(z — z) is a scalar Green’s function. The spectre. Frequency(GHz)
version of this Green’s function is obtained in closed form byig. 3. Dispersion curves for the propagation constant of the first

solving the equation fop, i.e.,V - - V¢ = 0, in the spec- magnetostatic mode of the structure in Fig. 1 with = h, — oo,
tral domain, and enforcing the appropriate boundary and jurfip= 100 pm,w =1mm,¢ =0, poHo = 0.0632 T, anduo M, = 0.0840

conditions for> andB, at the interfaces. Finally, the phase con’, Surves are plotted fois = 20, 40, 60 um. Solid lines: phase constant

. : Rek.)). Dashed lines: attenuation const k).
stants of the magnetostatic modes propagating along the str(uc- ) (e

ture in Fig. 1 are obtained by applying the Galerkin method g}

: . . . . on curve for the MSSW guided by the non metallized ferrite
the spectral domain. Triangular subsectional basis functions Q&6 is also shown in Fig. 2. It can be seen that, fos
used to approximaté(z) on the strip. . : . . ’ o
the bound strip-guided MSSWs are the unique magnetostatic
waves guided by the structure. This fact can be useful for tech-
nological applications, because excitation of nondesired mag-
In order to validate the accuracy of the magnetostatic apetostatic slab modes is not present at those frequencies.
proach, Table | compares our results for the first five magneto-The effect of the magnetizing field orientation has been also
static modes in a shielded printed strip line with those computadalyzed and it has been found that for moderate values of the
using the full wave approach in [6]. A similar good agreement engle¢ (see Fig. 1), the mode phase constant decreases and the
found in Fig. 2, where our results for a printed unshielded stripne delay,(33)/9w, increases witkp. However, for values of
line are compared with those reported in [4]. The MSSW modésroughly above 29, strip guided MSSWs were not found. It
in Table | and Fig. 2 are alternatively odd and even and form arems that this kind of modes are closely related to magnetiza-
infinite set ofunidirectionalmodes with increasing phase contion mainly perpendicular to the strip. In any case) i 0, the
stant. Fig. 2 also shows how the phase constant and time deN&§SW modes are neither even or odd.
of the MSSWs can be substantially increased by reducing theThe consequences of inserting a dielectric layer between the
strip width, an effect of potential practical interest. The dispeferrite slab and the metallic strip isillustrated in Fig. 3. The main

I1l. NUMERICAL RESULTS
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\ e = v Experimental [3] vices would take advantage of the narrow-band resonant absorp-
2.88 - h¢ =60um Our-analysis tion at the starting point of the complex modes, where the group
586 velocity vanishes.
o)
2.84 -
g IV. CONCLUSIONS
2 2.82 |
§ ' A method for the numerical analysis of MSSWs guided
g 2.80 - by ferrite loaded multilayer strip lines has been presented.
L 278 | Computed results agree quite well with previous analytical and
' experimental published data. From these results it can be con-
2.76 - cluded that some of the main features of MSSW propagation
27 along infinite multilayer ferrite-dielectric-metal waveguides

also appear in strip lines in a multilayer ferrite-dielectric
medium. These features include unidirectionality as well as the
existence of backward and complex modes. In contrast with
Fig.4. Phase constantfor the first magnetostatic mode of the structure in Fignfinite width structures, strip guided MSSWs are bound modes
Wit;]fhl_zgho%_i—d fA’E ilg?fqﬁdy'; ir?;f’"gi& #fofgo o 0-2]6?;)5& with the field confined in the region below and around the strip.
Ilitr(;és Sa; p.ropagatying ngoaes and dash’ed IinLeSs_combfex mbdesl;. Dots, squgfﬁé‘,dditi_on’ the existence Of_ anﬁnit_e S_et of_mO(_jeyyhich ar_e
and triangles are experimental measures [3]. alternatively even and odd if the biasing field is perpendicular
to the strip, is a distinctive feature of ferrite loaded finite width
effect is the appearing of forward and backward modes, whistrips. Another noticeable feature of strip guided MSSWs is
combines at a given frequency yielding complex modes. Fdhat both, the wave phase constant and the time delay can
ward and backward MSSW modes are well known solutions fbe substantially increased by reducing the strip width. These
infinite (w — oo) ferrite-dielectric-metal structures [1]. Prop-features can find application in the design of new delay lines,
agation of unbounded complex modes along these structufiers, and other magnetostatic-wave devices. Our analysis
was also reported in [7]. Thus, the presence of forward, bagkovides a simple, fast, and reliable method for the quantitative
ward and complex MSSWs guided by suspended strips coaltaracterization of those finite width strip lines. Moreover,
be expected from those results. However, the numerical valsgp guided complex modes have been computed for the first
of the propagation constant depends on the strip width and dimme in open stripline structures. In addition to its theoretical
method provides, for the first time, a simple procedure to cormterest, these waves show potentially useful resonances at the
pute them. At the starting point of complex modes the group vetarting point of these complex modes.
locity vanishes, giving rise to a resonant absorption in the line.
This phenomenon has been experimentally observed in [3]. In
Fig. 4, our results for the phase constant of MSSWs guided by
suspended strips are compared with the experimental data prd}l M. S. Sodhaand N. C. Srivastaiicrowave Propagation in Ferrimag-
. . . . . netics New York: Plenum, 1981.
vided in [3] (there are no numerical computations in [3]) The 2] K.Okubo, V. Priye, and M. Tsutsumi, “A new magnetostatic wave delay
agreement between our simulated data and experiment is excel- line using YIG film,” IEEE Trans. Magn.vol. 33, pp. 2338-2341, May
lent for hs = 135 and100 pim. Some dlsagre.emem appears [3] \:b?IE).?Z.ubkov, E. G. Lokk, and V. I. Scheglov, “Propagation of surface
for the smallest valuehs = 60 pm, but experimental errors
in the determination ok together with the high sensitivity of
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