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Analysis of Coupling in Image Guide Technology

D. L. Paul, M. Habibi, J. Castrillo, Ph. Gelin, and S. Toutain

Afastraet-.Coup1ing for symmetrical and asymmetrical structures in

image guide technology is described. Starting from Triinh and Mittra’s

analysis, we propose some improvements for treating strong coupling

between an image guide and a ring resonator of any radius of curva-

ture, by taking into account the field displacement effect, and for a

nonsymmetric coupler, the difference bet weem the propagation con-

stants of the straight and curved image guides. A comparison between
this analysis and Triuh and Mittra’s experiments has been made.

I. INTRODUCTION

In recent years, greater interest has been paid to millimeter-wave

dielectric propagation media for use both in active and passive de-

vices [1]. I)erived from guides widely used in optics, these struc-

tures are indeed well suited to high frequency bands. When asso-

ciated with dielectric ti”ng resonators, dielectric waveguides are

especially suitable for the modelling of filters [2]. In order to de-

sign filters in image guide technology at millimeter wavelengths,

it is necessaay to characterize accurately the coupling between basic

elements.

This paper presents numerous improvements which can be ap-

plied to the analysis proposed by Trinh and Mittra for symmetric

and nonsymmetnc couplers [3] and which are able to predict both

the amplitude and the phase of the scattering parameters without

any restrictive assumption. To do this, the analysis takes into ac-

count not only the shift of the electromagnetic field due to the cur-

vature of the guide but also, in the case of nonsymrnetric couplers,

the difference in the propagation constants between curved and

straight guides. A slight concordance is observed between our the-

ory and Trinh and Mittra’s experimental results.
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Fig. 1. Scattering coefficients in the case of a symmetric coupler.

II. TRINH AND MITTRA’S ANALYSIS

In the case of a symmetric coupler (Fig. 1), this approach is able

to predict scattering coefficients with quite satisfactory accuracy.

Their theory is based on three assumptions:

a) The authors assume the radius R to be large enough compared

to the wavelength, to neglect the field displacement in the curved

structures [4] and approximate the phase constant in this section by

the one obtained in a straight section.

b) They use the generalized EDC method (Effective Dielectric

Constant) to obtain both the phase constant of the single image

guide fundamental mode and the even and odd phase constants of

coupled image guides.

c) They sup]pose that the coupling is weak. From a mathematical

point of view, ‘this assumption permits the use of analytical asymp-

totic equations to derive the even and odd phase constants of the

coupler.

To analyze the validity of these hypotheses, we plotted (Fig. 1)

the S-parameters versus the spacing between guides for each com-

bination of the techniques available, i.e., for both strong (resolu-

tion of Knox and Toulios’s transcendental equations [5]) and weak

coupling. This figure shows that the results may be very different

according to the technique chosen (EDC [5] or generalized EDC

method [3]) and that paradoxically Trinh and Mittra’s experiments

and theoretical results (curve 4, Fig. 1) agree well for strong cou-

pling where the asymptotic equations are not valid.

When applied to a nonsymmetric coupler, the main drawback of

Trinh and Mittrn’s model lies in the necessity of introducing a cor-

rection factor into the calculations to model the phase constant dif-

ference between straight and curved guides.

Concluding Remark: If the assumption of “weak coupling” in

Knox and Toulios’s transcendental equations leads to fairly good

results concerning symmetric couplers, this may ztot be significant.

Indeed, the excess of coupling obtained when the distance between

guides is supposed to be infinite may make UP for the omission of

the shift of the maximum field amplitude towards the outside of the

guide observed, in curved structures [4].

Thus, it seems more realistic to take into account this physical

phenomenon without assuming a weak coupling approximation and,

in the case of nonsymmetric couplers, the difference in propagation
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constants between a straight and a curved section. This paper pre-

sents one way of taking this into account.

III. IMPROVEMENT OF THE COUPLING MODEL

A. Use of Transmission Matrix Formalism

Like Trinh and Mittra, we divide the circumference of the guide

into an infinity of incremental coupling lengths. To obtain infor-

mation concerning the phase of the scattering parameters, we de-

fine for each of the coupling lengths a partial scattering matrix($)

and transmission matrix (Ci ). Then the total transmission matrix

(CT) is obtained by chaining the partial transmission matrices (C,).

The scattering coefficients for total coupling are derived by setting:

s31r= C34TS2,T= C33P (1)

Remark: For the symmetric coupler, the transmission matrix

formalism gives the same results as Trinh and Mittra’s method for

the magnitude of the scattering coefficients (Fig. 1, curve 4). The

output (S) parameters are exactly in quadrature as could be ex-

pected.

B. Curved Image Guide; Equivalent Model

In order to study strongly curved coupled waveguides, it is nec-

essary to take into account the shift of the maximum field amplitude

as well as the “wavelength” (kg. ) of the c‘E{l” mode in the curved

section.

The analysis of ring dielectric resonators allows such a phenom-

enon to be described. The resonant frequencies of this structure

operating on higher-order azimuthal hybrid modes HE~l, are ana-

lyzed by means of the “transverse resonance method. ” This has

been the subject of previous papers [6], [7]. This analysis provides

the resonant frequency (with an error below 1% in the X-band) as

well as the field distribution inside and outside the resonator.

This structure can also be viewed as an annular image guide res-

onator for which a constructive phenomenon occurs when the

“length” of the circumference is equal to a multiple (m) of the

wavelength of the fundamental Eil mode.

By using the equivalence between image guide resonant modes

(m; li~l ) and hybrid ring resonator modes HE~l, (m being the azi-

muthal order), we calculate the field displacement and then the

phase constant of the curved structure.

For a resonator having the same characteristics as the curved

structure used by Trinh and Mittra, we find at 8.5 Ghz a resonant

phenomenon corresponding to a high order azimuthal mode HEml 1

with m = 42. The evolution of IEy \ versus r (Fig. 2) clearly shows

an outward shift of the maximum field amplitude.

Measurements of the electric field (EY) above a ring resonator

versus r, for several resonant frequencies (Fig. 3), confirm this

evolution, but also show a dissymmetry of the electromagnetic field

not taken into account in this approach. This last effect, which is

very important at low frequencies as seen in [4], will tend to in-

crease the coupling between structures.

As, from a mathematical point of view, the coupling is a re-

covering integral, from an energetical point of view the two cou-

pled guides seem to be closer. Once the shift is determined, it is

possible to operate on a fictitious structure having the same cross

section but a greater mean radius of curvature:

R~=R. +s. (2)

Given m and R~ we can define the wavelength ( igC ) in the curved

structure as

kgC = 2~R~/m. (3)

Fig. 2.
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Fig. 4 outlines both the real and fictitious structure and shows that

for small spacings, the fictive guides superimpose. It is obvious

that we mm.t now consider two different areas:

a) a covering area where the coupled guides can be considered ‘

as a single guide of width 2 W‘ where
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and

t91 = arcos ((R, + do)/Rj). (5)

The propagating (symmetric and antisymmetric) modles are respec-

tively the fundamental mode E]l and the higher order mode E~l of

this stmcturc.

b) a non covering area where the coupled lines split. In this zone,

processing is the same as in Section III-A with

L = 2. 0. l?; . (COS0, – cos O)/sin e9 (6)

C. Straight Guides

In order to be coherent with respect to the basic analysis of curved

and straight guides, the transverse resonance (TR) method (already

used for the curved guide) is applied to analyze straight single or

coupled image guides [8].

IV. RESULTS

A. Case of a Symmetric Coupler

Using the TR method, the transmission matrix formalism, and

taking into account the field displacement, we have reported on

Fig. 5 the results on the modula of the scattering coefficients. As

only a small discrepancy is observed between Trinh and Mittra’$

experimental points, we may say that our model represents the

physical reaIity rather accurately. The output ports of the coupler

are in quadrature.

B. Case of a Nonsymmetric Coupler

The dissymmetry of the coupler can be conveyed by adding a

phase difference matrix (Di) to the partial scattering lmatrix (S, ) for

each coupling segment. It is necessary to take into account the geo-

metrical difference in lengths between the curved guide (ds) and

the straight guide (dz) (Fig. 6) and also the different propagation

velocities between a curved and a straight sectionl. The guided

wavelength in a curved section can be approximated by using the

relation 2rR~ = m& as m (azimuthal order) and l?~ (new mean

radius) have already been determined. Hence, the correct phase

difference cambe restored for each coupling segment. This leads to

a partial transmission matrix (C:) (see appendix for details).

Using this phase correction and the improvements mentioned

above we present on Fig. 7(a)–(b) the simulated scattering coeffi-

cients versus the spacing between guides. Unlike in the case of a

symmetric coupler for which the phase difference equals 90 de-

grees, we can notice a variable phase difference between the output

ports of the coupler.

Concerning the magnitude of the (S) parameters, our theory and

Trinh and Mittra’s experimental results do not coincide very well.

Nevertheless, no correction factor has been introduced here.

Contrarily to the Trinh and Mittra’s moclel without correction

factor which allows a complete transfer of power on the output

ports (see Fig. 7(a)) our analysis forbid this phenomenon between

two different waveguides. This is in accordance with the Miller’s

theory [9]. Although this model seems more accurate, we did not

have the opportunity to verify the coupling between a straight and

a curved section directly.

V. cONcLusION

An improvement of Tnnh and Mittra’s model hiis been devel-

oped in order to derive the coupling characteristics of symmetric
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and nonsymmetric couplers in image guide technology. Although

our theory agrees well with experimental results, the model is not

perfect. To describe the physical mechanism of coupling more ac-

curately, it is necessary to improve the chahcterization of the basic

elements and especially to convey the dissymmetry of the electro-

magnetic field cmtside a curved section rigorously.
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APPENDIX [7] D. L. Paul, M. Habibi and Ph. Gelin, “Resonant frequency analysis

A coupling segment of length ds can be represented by
of dielectric ring resonators, ” Electron. Lett., vol. 24, no. 16, pp.

1004-1005, Aug. 1988.
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[9] S. E. Miller, “Coupled wave theory and waveguide applications, ”

Al, + > + Az, Bell Syst. Tech. J., pp. 677-693, May 1954.
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B4, + I I [+ B,, Microwave Reflection at an Active Surface Imbedded
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al, = Al, B,, = e “@d(dZ-d’)b,,

bli = Bli A2i = e‘dd‘dz- ‘s) az~

a,, = A,i B3i = ej(~d-oc)dsb~,

b~, = B4, A3, = e ‘J(pd - ‘C)dsagi

with

ds = R= d@

dz(rY) = r(~ + dt$ (1 – COS(8 + drY))

+ Re (sin (0 + dr9) – sin 0) – r(tY) (1

~d: phase constant of the straight guide

/3C: phase constant of the curved guide

By setting:

(B), = (S’), (A)i

(S’ ), can be derived:
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with Fast-ion Conductors

Perambur S. Neelakanta, Jorge Abello, and Chaoli Gu

Abstract—The microwave reflection characteristics at a surface of a

composite medium comprised of thermally controllable, solid-electro-
lyte based active-zones are studied. These zones are energized (heated)

reconfigurably so as to alter their electric conductivity, and hence their
reflection/transmission characteristics. Experimental studies at X-band

frequencies on a test active surface formed by a two dimensional array

of AgI pellets (fast-ion conductors) imbedded in a dielectric medhrm

are presented. Suitability of the proposed composite-medium for broad-
band applications is indicated.

I. INTRODUCTION

Controllable electromagnetic absorption and/or reflection by ma-

terials are of importance in the development of radar absorbing

Cos 8) surfaces and in certain EMI/EMC problems. Conventionally, mi-

crowave materials composed by a combination of metallic and/or

nonmetallic (dielectric) absorbing constituents are used for this

purpose. For discrete-tuned frequency applications magnetically

and dielectrically lossy materials could be blended to obtain mod-

erate performance on absorption/reflection characteristics. The base

materials for such applications include: graphiteliron/aluminum

particles (spherical/fibrous/flaky) dispersed in a host medium such

S21,e
–,@d(& – d,) S31, ej(~d – @c) ds o0

S2,,e
–,(Jd(dz–ds) o 0 S31ze–J(3d(dz – ds;

S31,ej(0d-@c)ds o 0 S~,i(?3(pd-6c)ds

o S31,e ‘l~d(dz–d,) s2,,eJ(@d–L%)ds o
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as natural rubber-latex, polyisoprene, neoprene, silicone, ure-

thene, etc. However, for better absorption the frequency-tuning is

done by the principle of q~arter-wave window(s) via multiple lay-

ers of lossy dielectrics.

An alternative approach suggested by Meyer et al. [1] consists

of distributing a large number of magnetic dipoles on a conducting

surface to achieve pronounced reflectionfabsorption characteristics

depending on the orientation and distribution of the dipoles. A suc-

cessful application of this principle has been reported by Chatterjee

et al. [2]. Typically, a reflectivity reduction in the order of – 20 to

– 30 dB could be accomplished at selective resonance frequencies
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