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

Rachid Rafii-El-Idrissi, Ricardo Marqués, Member, IEEE, and Francisco Medina, Member, IEEE

Abstract—This paper analyzes the guidance of magnetostatic
surface waves (MSSW) by a metallic strip printed on a ferrimag-
netic slab or on a dielectric/ferrimagnetic structure (suspended
configuration) in the frame of the magnetostatic approach. An
integral spectral domain analysis (SDA) is used for this purpose.
Shielding upper and/or lower ground planes are also considered.
Some interesting new physical effects, such as backward and
complex MSSWs in the suspended configuration are reported.
Good agreement with previously published experimental and
computed results confirms the validity of our approach.

Index Terms—Magnetostatic waves, microstrips, microwave ter-
rites.

I. INTRODUCTION

T HE propagation of MSSWs along multilayer dielectric-
ferrite-metal structures is a well understood topic (see [1]

and references therein). But usually, metallizations of infinite
width are considered. However, the width of the metallization
of a practical structure must be finite, being the strip line a more
realistic model in such case. Moreover, magnetostatic strip lines
may be of technological interest due to the field confinement
in the region below the strip. Recently new magnetostatic de-
vices using strip-guided forward volume magnetostatic waves
(FVMSW) have been proposed [2]. Strip-guided MSSWs may
be also an alternative. Strip-guided MSSWs can be excited by
placing a suspended metallic strip over a conventional MSSW
transducer between the input and output antennas [3]. Excita-
tion of strip-guided FVMSWs by direct feeds has been reported
in [2]. A similar configuration could be useful for the excitation
of strip-guided MSSWs, although the feed should be designed
taking into account that the first strip-guided MSSW is an odd
mode, as it will be shown later.

Propagation of MSSWs along strip lines printed over a fer-
rite slab with magnetic bias field perpendicular to the strips and
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.
The magnetic biasing field is chosen parallel to the ferrite sur-
face and making an arbitrary angle with the strip orientation.
The main advantage of the proposed method is that it can ac-
count for any possible ferrite loaded multilayer configuration,
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containing any kind of dielectric/air layers, with arbitrary mag-
netization. However, in this paper, we restrict ourselves to the
study of magnetization parallel to the interfaces, which is the
orientation causing MSSW propagation [1]. The main physical
effects resulting from the finite strip width, the existence of a
dielectric layer between the strip and the ferrite slab and/or the
orientation of the magnetic bias field, are analyzed. Unidirec-
tionality, propagation of forward and backward waves, presence
of bounded complex modes and strong variations of the phase
and group velocity with the strip width and dielectric thickness
are some meaningful effects that we have encountered.

II. A NALYSIS

It is a well known fact that both, dielectric-ferrite (DF) and
metal- ferrite (MF) magnetized interfaces can support MSSWs.
The frequency range for MSSW excitation along a DF inter-
face is whereas is the fre-
quency range of excitation of such waves along a MF interface
( , , ,

, , is the gyromag-
netic ratio [1], is the internal biasing magnetic field and
is the magnetization at saturation). This fact suggests thatnon-
radiating (bounded) MSSWs can be guided by a metallic strip
placed on a ferrite slab in the frequency range ,
since in this range the MF interface allows propagation but the
DF interface precludes it. In fact, in [4] it is shown that unidi-
rectional MSSWs are guided by strips printed on ferrites in the
whole range , although in the range
unbounded MSSWs can be also guided by the DF interface. In
this paper we are interested in studying the guidance of bounded
MSSWs along the more general structure in Fig. 1. We will as-
sume the field dependence in the following.
A currentfunction is defined at each pointon the strip by

(1)

where is the strip surface current density. For magnetostatic
modes the total current supported by the strip must vanish, i.e.,

. This fact can be understood from
both the magnetostatic [4] and the full-wave analysis [5] and im-
plies that the usual definition of line characteristic impedance,

, does not apply to the analysis of strip-guided
magnetostatic waves, since it yields . Also, the line
voltage is a meaningless concept for MSSWs (is for this reason
that MSSWs can be guided by the ungrounded structure of Fig. 1
with ). This does not mean that strip-guided
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Fig. 1. Cross section of the guiding structure analyzed in this paper.

TABLE I
COMPARISONBETWEENOUR MAGNETOSTATICRESULTS AND THEFULL-WAVE

RESULTS IN [6] FOR THESTRUCTURE OFFIG. 1 WITH h = 2 mm,h = 0:254
mm,h = 0, h = 0:254 mm,w = 1:016 mm,� H = 0:0275 T,

� M = 0:275 T, Freq= 5 GHz

MSSWs could not be excited in practice, but only that the con-
ventional transmission line circuit model does not apply to this
kind of waves.

The magnetic field is derived from the magnetostatic poten-
tial, , as follows: and , where is the
magnetic permeability tensor of the medium. An integral equa-
tion can be readily formulated for the-component of the mag-
netic flux density along the strip interface

(2)

where is a scalar Green’s function. The spectral
version of this Green’s function is obtained in closed form by
solving the equation for , i.e., , in the spec-
tral domain, and enforcing the appropriate boundary and jump
conditions for and at the interfaces. Finally, the phase con-
stants of the magnetostatic modes propagating along the struc-
ture in Fig. 1 are obtained by applying the Galerkin method in
the spectral domain. Triangular subsectional basis functions are
used to approximate on the strip.

III. N UMERICAL RESULTS

In order to validate the accuracy of the magnetostatic ap-
proach, Table I compares our results for the first five magneto-
static modes in a shielded printed strip line with those computed
using the full wave approach in [6]. A similar good agreement is
found in Fig. 2, where our results for a printed unshielded strip
line are compared with those reported in [4]. The MSSW modes
in Table I and Fig. 2 are alternatively odd and even and form an
infinite set ofunidirectionalmodes with increasing phase con-
stant. Fig. 2 also shows how the phase constant and time delay
of the MSSWs can be substantially increased by reducing the
strip width, an effect of potential practical interest. The disper-

Fig. 2. Dispersion curves for the phase constant of the first four magnetostatic
modes of the structure in Fig. 1 withh = h !1, h = 0:01 mm,h = 0,
� = 0, � H = 0:0251 T, and� M = 0:1760 T. Curves are plotted for
w = 0:1 mm,w = 0:01mm (solid lines) and for the infinite unmetallized slab
(dashed lines) and the infinite metallized slab (w ! 1; dash-dotted lines).
Comparison with the results in [4] is also shown.

Fig. 3. Dispersion curves for the propagation constant of the first
magnetostatic mode of the structure in Fig. 1 withh = h ! 1,
h = 100 �m,w = 1 mm,� = 0, � H = 0:0632 T, and� M = 0:0840
T. Curves are plotted forh = 20; 40; 60 �m. Solid lines: phase constant
(Re(k )). Dashed lines: attenuation constant (jIm(k )j).

sion curve for the MSSW guided by the non metallized ferrite
slab is also shown in Fig. 2. It can be seen that, for ,
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-
netostatic slab modes is not present at those frequencies.

The effect of the magnetizing field orientation has been also
analyzed and it has been found that for moderate values of the
angle (see Fig. 1), the mode phase constant decreases and the
time delay, , increases with . However, for values of

roughly above 20, strip guided MSSWs were not found. It
seems that this kind of modes are closely related to magnetiza-
tion mainly perpendicular to the strip. In any case, if , the
MSSW modes are neither even or odd.

The consequences of inserting a dielectric layer between the
ferrite slab and the metallic strip is illustrated in Fig. 3. The main
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Fig. 4. Phase constant for the first magnetostatic mode of the structure in Fig. 1
with h = h ! 1, h = 16 �m,w = 2 mm,� = 0, � H = 0:0632 T,
� M = 0:0840 T, �H = 3� 10 T, andh = 135; 100; 60 �m (solid
lines are propagating modes and dashed lines complex modes). Dots, squares,
and triangles are experimental measures [3].

effect is the appearing of forward and backward modes, which
combines at a given frequency yielding complex modes. For-
ward and backward MSSW modes are well known solutions for
infinite ( ) ferrite-dielectric-metal structures [1]. Prop-
agation of unbounded complex modes along these structures
was also reported in [7]. Thus, the presence of forward, back-
ward and complex MSSWs guided by suspended strips could
be expected from those results. However, the numerical values
of the propagation constant depends on the strip width and our
method provides, for the first time, a simple procedure to com-
pute them. At the starting point of complex modes the group ve-
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 pro-
vided in [3] (there are no numerical computations in [3]). The
agreement between our simulated data and experiment is excel-
lent for and m. Some disagreement appears
for the smallest value, m, but experimental errors
in the determination of together with the high sensitivity of
the measured parameter for small values ofcan provide an
explanation. A complex mode appears in our computed results
for m. Notice that experimental results qualitatively
agree with this fact, because modes with higher values of the
phase constant should be backward and, therefore, they could
not be detected by the experimental setup used in [3]. This is
explicitly quoted in [3]. Complex solutions in Figs. 3 and 4 cor-
respond to bound modes. The computation of bound complex
waves in open structures of finite size is a noticeable fact, be-
cause these modes have been typically found in closed waveg-
uides [8]. Magnetostatic suspended strip lines could find appli-
cation in tunable rejection band filters and resonators. These de-

vices would take advantage of the narrow-band resonant absorp-
tion at the starting point of the complex modes, where the group
velocity vanishes.

IV. CONCLUSIONS

A method for the numerical analysis of MSSWs guided
by ferrite loaded multilayer strip lines has been presented.
Computed results agree quite well with previous analytical and
experimental published data. From these results it can be con-
cluded that some of the main features of MSSW propagation
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
infinite width structures, strip guided MSSWs are bound modes
with the field confined in the region below and around the strip.
In addition, the existence of aninfinite set of modes,which are
alternatively even and odd if the biasing field is perpendicular
to the strip, is a distinctive feature of ferrite loaded finite width
strips. Another noticeable feature of strip guided MSSWs is
that both, the wave phase constant and the time delay can
be substantially increased by reducing the strip width. These
features can find application in the design of new delay lines,
filters, and other magnetostatic-wave devices. Our analysis
provides a simple, fast, and reliable method for the quantitative
characterization of those finite width strip lines. Moreover,
strip guided complex modes have been computed for the first
time in open stripline structures. In addition to its theoretical
interest, these waves show potentially useful resonances at the
starting point of these complex modes.

REFERENCES

[1] M. S. Sodha and N. C. Srivastava,Microwave Propagation in Ferrimag-
netics. New York: Plenum, 1981.

[2] K. Okubo, V. Priye, and M. Tsutsumi, “A new magnetostatic wave delay
line using YIG film,” IEEE Trans. Magn., vol. 33, pp. 2338–2341, May
1997.

[3] V. I. Zubkov, E. G. Lokk, and V. I. Scheglov, “Propagation of surface
magnetostatic waves under a metal strip placed over a ferrite film,”Sov.
J. Commun. Tech. Electron., vol. 35, no. 4, pp. 5–8, 1990.

[4] M. Uehara, K. Yashiro, and S. Ohkawa, “Guided magnetostatic sur-
face waves on a metallic strip line,”J. Appl. Phys., vol. 54, no. 5, pp.
2582–2587, May 1983.

[5] F. Mesa, R. Marqués, and M. Horno, “An efficient numerical spectral
domain method to analyze a large class of nonreciprocal planar
transmission lines,”IEEE Trans. Microwave Theory Tech., vol. 40, pp.
1630–1641, Aug. 1992.

[6] , “Complete modal spectrum of nonreciprocal multilayered mi-
crostrip lines,” inProc. URSI Electromagnetic Theory Symp., Sydney,
Australia, Aug. 1992, pp. 397–399.

[7] R. Marqués, F. Mesa, and M. Horno, “Nonreciprocal and reciprocal
complex and backward waves in parallel plate waveguides loaded with
a ferrite slab arbitrarily magnetized,”IEEE Trans. Microwave Theory
Tech., vol. 41, pp. 1409–1418, Aug. 1993.

[8] M. Mrozowski, Guided Electromagnetic Waves: Properties and Anal-
ysis. Tauton, U.K.: Research Studies, 1997.


	MTT023
	Return to Contents


