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Abstract

This paper reviews the work made on edge guided waves (EGW) in the past five

years. It is not comprehensive of all the results existing in the published

literature, rather it concentrates on such selected topics as the radiue of

curvature of the guiding edge, magnetic, dielectric and ohmic losses, fringing

field effects, inhomogeneous magmetic biae, and dielectric loading of the

guiding edge. Performance data of some

discussed.

Introduction

In Mey 1971 M. Hines published a paper on edge guided

wavee (EGW) in ferrite MICfs and strip-line circuits 1.

Since then a number of people have devoted their

efforts to gain a better physical insight of the EGW

phenomenon and to impruve the performance of ECW

devices. Today the knowledge of the physics under-

lining EGW propagation in various geometries is at a

fairly satisfacto~ stage even though the theory is

only available for very simple models. practical ~W

devices in part fell short of the original expecta-

tions but they are now offering improved perfomauce

mainly in connection with large bandwidths and low

insertion losees. The purpouse of the present paper is

to illustrate the most significant improvements

achieved in the past five years in EGW research.

EGW theory

since 1971, Hines~ analysis has been either improved

or extended to include the following points: i) Radius

of curvature of the guiding edge. ii) Magnetic, die-

lectric and ohmic losses. iii) Fringing field effects

at the guiding edge. iv) Spatial inhomogeneity of the

applied magnetic bias. V) Dielectric loading of the

guiding edge. These topics will be dealt with extens>

vely in the oral presentation of the paper. Here, due

to space limitations, we juet highlight the PrinciPal

results in each area.

i) Radiue of curvature of the guiding edge.

EGW behave differently depending upon the algebraic

sigm of the radius of curvature of the guiding edge 2.

In a semi-infinite strip conductor with a concave

profile, r.f energy leaks from the EGW whenever the

effective magnetic permeability &~of the ferrite

substrate is positive. In a finite geometry such as

that of a practical EGW circulator the leaking field

is quantized and manifests itself under the form of

discrete ferrite volume (FV) modes. The suppression

of these modes ie one of the most difficult p~blems

encountered in the construction of practical lNW

devices. In the case of a strip conductor with a

convex profile such as that of a MIC disk resonator

of large radius, EGW m~ propagate unattenuated for

both /U.8> o and /&elf L O in very much the same

WSJ as in a rectilinear geomet~. More specifically,

if perfect magnetio wall bounda~ conditions are used

EGW isolators and circulators are also

one finds that all the modes with a given azimuthal

dependence, sw exp(-j’@, are ~w in c~e-ractert

whilst those with a dependence exp( jfie) are of the

FV type. Introduction of fringing field effeots into

the anlysis, however, corrects these res@ts and

indicates that even the fields with an exp(-j~e)

dependence may be of the FV type for sufficiently high

frequencies.

ii) xetic, dielec+,ric s.z13. ohuic losses.

Dissipative effects may be introduced into the aua-

lysis of the EGW propagation in a formal manner by

replacing the lossless values of the ferrite’s consti-

tutive parameters by complex quantities and characte-

rizing the metal conductors by a finite conductivity
3,4, This type of emalysis provides a quantitative

evaluation of the specifio attenuation suffered by

EGW propagating along rectilinear guiding edges.

Typically 4 lt is found that an attenuation of 0.03

dB/cm. 1s to be expected in a semi-infinite ISicro-

strip deposited on a YIG + Al substrate of thickness

0.2 cm. in the fre~ency range 4 - 12 GHZO

iii) Fringing field effects.

The effect of fringing fields was originally studied
by M. Hines 1 ad identified with an Upper CUt Off

frequency for the EGW propagation. Hines’ model h=

been recently 5 impnwed by means of a semi-empirical

analysis. In this analysis the fringing fields are

characterized by a fringing field parameter b/b* which

is related to the fringing field transversal admitt=_

ce Yf via the relation

Here Y. is the characteristic admittance of vacuum,

L/b is the ratio between the guiding edge’s lentih

wd substrate thickness, ny is the refractive ‘ndex

in the direction of Propagation. For many cases of

practical interest it is found that 0.4~b/b’ ~0.7.

For a rectilinear geometry the upper cut off frequen-

cy as a function of b/b’ is defined by the implicit

relation
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where fi{ and ~% are the diagonal ad of f-d-i %o-

nal entries of the magnetic permeability tensor and

~$is the relative dielectric permettivity of the

ferrite. A similar relation exiets for the upper

cut-off frequency in a disk geometry.

iv) Inhomogeneous ma~etic bias.

Anon dissipative technique for suppressing FV modes

resonating in EGW structures with concave guiding

edges, makes use of en inhomogeneous magnetic biasG~7.

The inhomogeneity must guarantee that fia~~o at

!some point under the strip conductcr. Pre lminary

theoretical investigations 8 exist only for recti-

linear microstrip immereed in a m~etic bias with a

linear variation in the crossection. More specifi-

cally the bias has a maximum on the microstrip ds

and decreases linearly toward the edges of the strip

ccnductor. The most interesting result cbtained so

far, is that a trenversal field displacement effect

exists as long as ~e%~ o on the axis of the stru-

cture. This phenomenon cem in fact be identified

with a scrt of !Igeneralized!t EGW wherein the r.f.

field components have a transversal distribution

whioh is oscillatory in the vicinity of the edge and

decays exponentially in the central part of the

structure.

v) Dielectric loading of the guiding edge.

In its original work M. Hines presented a method for

suppressing the cut off effect due tc the fringing

fields. Such a method used a dielectric loading of

the guiding edge to compensate for the inductive

trenversal susceptsnce of the fringing fields. As en

example, a capacitive susceptance of 1.25 pF/cm. was

used in a semi-infinite microstrip on a YIG substra-

te 0.025 inch thick. To gain a better physical insi-

ght of the compensation effects introduced by the

dielectric leading, a field analysis has been carried

cut for a rectilinear gecmetry 9. By plctting the

transversal distributions of the field components it

has been found that the dielectric in fact produces

a considerable amount of transversal field displace-

ment at frequencies higher than upper cut off fre-

quency. At very high frequencies however reciprocal

dielectric concentration effects become dominant end

non-reciprocal effects cease to exist. Very useful

indications can be obtained from this type of analy-

sis onthe dielectric conetemt and thiclaess of the

dielectric slab which would optimize the perfcrmamce

of an EGW isclatcr.

EGW devices.

Isolators. The original Hines! isolator had the

characteristics shcwn in the first row of Table I.

In this Table the columns respectively indicate the

operation bandwidth, insertion lose, isolation, sat~

raticn magnetization, and applied magnetic bias. SiQ

ce 1971 a number of EGW isolators have been built

operating in varicus frequency bends. In Table I we

have reported the data relative to some laboratory

prototypes as well as some commercial devices (last

two rows). Notice how the applications of EGW isola-

tors have been extended to frequencies as lcw as 0.2

GHz. and as high as 18 GHz. in some cases with two-

octave bandwidths. Recently, however, the attention

has shifted frcm one-all-insertion loss, two-octave

isolators to 0.4 dB insertion loss, one-octave isola-

tcrs. The difficulties encountered in the realization

of these isolators can be appreciated by recognizing

that the following conflicting conditions must be met:

i) gradual taper sections, ii) short guiding edges,

iii) large transversal dimension) iv) small overall

dimensions. Furthermore, in EGW isolators with an

external load the additional condition muet be sati-

efied that the load be matched to the EGW traveling

in the forbidden direction. This means that its physi-

cal and geometrical characteristic must be carefully

chosen. Unfortunately such a choice is in general

made on an empirical basis due to the complete lack

of theoretical predictions. In ref. 4 the authcre

report on a load material with a dielectric: constant

(30- J3) co andamaguetic permeability (4-j)#Oused

inaYIG+Al stripline isolator operating in the 4-10

GHz. frequency range. As far as the optimall shape of

the load is concerned no information as yet exists in

the published literature. Another problem -to be solved

in the construction of a stripline EGW isolator is the

realization of suitable 1CW-1OSS, broadband coax to

stripline transitions. Also in this case cut and try

techniques are in general applied. Finally it is

worth mentioning the realization of EGW isolators 10

wherein the dissipative effect of the external load

is replaced by the magnetic losses associated with a

short circuited etrip conductors edge.

Circulators.Unsymmetrical multiport circulators as well

as three-port and fcur-port symmetrical circulators

have been constructed. Here we shall concentrate on

the symmetrical structures as they received greater

attenticn.The design criteria for these devices are

the same as those adopted for the isolators. Obviously

in the circulators there must to be no dissipative

material and, consequently, the role plaied by the

load in suppressing the ferrite volume modes must ncw

be performed by some other means. As previously anti-

cipated the use of an inhomogeneous ma~etic bias has

proven very efficient in suppressing the unwented

modes G*7. Experimental evidence exists that this sup-

pression mechanism is basically different from the

usual inhcmogeneous broadbsnding G. Three port

symmetrical MIC circulators G have been built with a

max. insertion lose of 0.8 dB. end an average iscla-

tion of 30 dB. over the band 8.4 - 12.O GHz. The

inhomogenecus magnetic bias had a meximum of 3.75 KOe

at the center of the circulator end a minimum cf 3.15

KOe. at the substrate edge. The optimum shape of the

strip conductor was obtained by cut end try teckmiques.

Four port symmetrical MIC circulators were alsc con-

structed having a star shaped strip conductor with

either parabolic or hyperbolic profiles 7, me best

X-band results were obtained in a circulator with a

shield diameter of 13 mm. an outer diameter of 30 mm.

and a magnetic bias which varied from a max. of 4.5 KOe

to a min. of

.4 to .8 dB.
than 20 dB.

1.5 KOe. The insertion loss ranged from

and the ieolation was always greater than
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Conclusions.—
In this paper we have presented some of the progress

made in the field of edge guided waves in the past

five years. Even though the practical realization

of E(IW devices has fallen short of the original

expectations, the field still possesses considerable

vitality. In the light of the results so far obtained

we may anticipate that in a near future EG14 isolators

with a very low insertion loss, high isolation and

large operation bandwidth will enjoy the increasing

favour of microwave system designers. On the other

hand, EGW circulators will not succeed in becoming cog

petitive to other more traditional solutions due to

their size and complexity of construction. Future

trends in EGW research m~ include such topics as a

modal solution of EGW structures with concave profileq

new techniques for broadband transfer of EGW energy

into an adjacent dissipative load, study of the rela-

tion ship among !Iwall affected mode” 11, EGW mode and

Y-junction MIC circulators.
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- TABLE I -

BLANC et al. 5-12 <7 720

COURTOIS et al.
3.5- ~1

14.5
>20

0.2
COURTOIS et al.

- 0.4
43 >18

LEILKE
12-

18
-I*5 >37

Comm. Type 2 -7 <1 >15

3.5-
Comm. Type 11 <.9 720

T
4icM~ HO

KOe Ko e

1.78 1.9

+

1.78 1.76

1.78 -

1.78 2

1.78 4.75
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