
IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 7, JULY 2001 1329

Analysis of Coupled Inset Dielectric Guide Structure
Yong H. Cho and Hyo J. Eom, Senior Member, IEEE

Abstract—The propagation and coupling characteristics of the
inset dielectric guide coupler are theoretically considered in this
paper. Rigorous solutions for the dispersion relation and the cou-
pling coefficient are presented in a rapidly convergent series. Nu-
merical computations illustrate the behaviors of dispersion, cou-
pling, and field distribution in terms of frequency and coupler ge-
ometry.

Index Terms—Coupling, dispersion, Fourier transform, IDG.

I. INTRODUCTION

T HE inset dielectric guide (IDG) is a dielectric-filled rect-
angular groove guide, and its guiding characteristics are

well known [1], [2]. The coupled IDG consisting of a double
IDG has also been extensively studied to assess its utility as a
coupler [3]. The IDG coupler may be used for a practical di-
rectional coupler and bandpass filter due to power splitting and
filter characteristics with low radiation loss and simple fabri-
cation. It is of theoretical and practical interest to consider the
wave propagation characteristics of an IDG coupler, which con-
sists of a multiple number of parallel IDG. We use the Fourier
transform and mode matching as used in a single IDG analysis
[2], thus obtaining a rigorous solution for the IDG coupler in a
rapidly convergent series.

II. FIELD ANALYSIS

Consider an IDG coupler with a conductor cover in Fig. 1
( : the number of IDG). The effect of a conductor cover at

is negligible on dispersion whenis greater than one-half
wavelength [2]. Assume the hybrid mode propagates along
the -direction, such as and

with time-factor omission.
In regions I ( ) and II ( ), the field
components are

(1)

(2)
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Fig. 1. Geometry of the IDG coupler.

Fig. 2. Dispersion characteristics of the IDG coupler filled with (Teflon) PTFE
(� = 2:08) for a = 10:16mm,d = 15:24mm,T = 11:86mm,b = 15mm,
andN = 2, 3, 4.

(3)

(4)

where

and

is a unit step function. To determine the modal coefficients
and , we enforce the boundary conditions on the-, -,
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(a) (d)

(b) (e)

(c) (f)

Fig. 3. Field distributions for: (a)HE , (b)HE , (c)HE (H -field), and (d)HE , (e)HE , (f) HE (E -field) whenN = 3.

-, and -field continuities. Applying a similar method as
was done in [2], we obtain

(5)

(6)

where is the Kronecker delta, ,

(7)

(8)

(9)

(10)

(11)

(12)

(13)
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A dispersion relationship may be obtained by solving (5) and
(6) for as follows:

(14)

where the elements of , , , and are

(15)

When (a single IDG case), (14) reduces to [2, eq. (30)].
When , (14) results in the dispersion relationship for the
rectangular groove guide in [4] and [5] as

(16)

where and , respectively, represent TE and TM modes
in the groove guide with an electric wall placed at . In a
dominant-mode approximation ( , ), (14) reduces to

(17)

When , (17) yields a simple dispersion relation as

(18)

where each sign corresponds to the odd and even modes in
[3]. To calculate the coupling coefficients between the guides,
we introduce the eigenvector associated with the eigenvalue

, where the elements of are
and .

Note that is obtained by solving (5) and (6) with

determined by (14). The field at,
in the th IDG, is related to the field at through a
transformation with the eigenvector [6]

...
...

...
...

... (19)

where is the normalized eigenvector and
denotes the transpose of. We define the coupling coefficient
at between theth and th guides as

(20)

where . For instance, , , and
, (20) reduces to the coupling coefficient in [3, eq.

(39) ]. Applying a dominant mode approximation for
and , we obtain eigenvectors as

(21)

Fig. 4. Behavior of the coupling coefficientsC where PTFE(� = 2:08),
a = 10:16 mm,d = 15:24 mm,T = 11:86 mm,b = 15 mm,L = 250 mm,
andN = 2, 3.

Fig. 5. Behavior of the coupling coefficientsC versusz = L where PTFE
(� = 2:08), frequency= 8 GHz,a = 10:16 mm, d = 15:24 mm, T =
11:86 mm, b = 15 mm, andN = 4.

(22)

Fig. 2 illustrates the dispersion characteristics for IDG cou-
plers , confirming that our solution for
agrees with those in [3] within 1% error. Note that an increase
in the number of IDG causes an increase in possible propagating
modes. Fig. 3 shows the magnitude plots ofand compo-
nents for three fundamental modes , where
the subscripts , and denote the number of half-wave varia-
tions of the component in the - and -directions, respec-
tively. The field plots illustrate that remains almost uniform
in the -direction within the groove, thus confirming the validity
of a dominant-mode approximation in all cases considered in
this paper. In Fig. 4, we compare the behavior of the coupling
coefficients for and versus frequency. When ,
we calculate the coupling coefficient (20) using the measured
( ) and calculated ( ) propagation constants in [3]. Note that
our theoretical calculation agrees well with the results based on
[3]. When , the couplings between adjacent grooves are
almost the same , while the coupling to the far
groove is far less . Fig. 5 illustrates the coupling
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coefficients versus for . As the excitation wave
propagates in the first groove , it is coupled to the ad-
jacent grooves in an ordered manner. Note that a
maximum power transfer occurs from the first guide to the ad-
jacent ones at cm, cm, and cm, successively.

III. CONCLUSION

A simple, exact, and rigorous solution for the IDG coupler has
been presented and its dispersion and coupling coefficients have
been evaluated. Numerical computations illustrate the field dis-
tributions and coupling mechanism amongst the guides. A dom-
inant-mode approximation is shown to be accurate and useful
for IDG coupler analysis.
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