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ABSTRACT

In this paper we describe the theoretical design and

performance of a broadband groove guide coupler. In

contrast to conventional design techniques one of the

grooves impartially filled with a dielectric. Both grooves

are coupled via a slot in a thin metallic septum sepa-

rating the grooves. It will be shown how a flat coupling

over a wide frequency range can be obtained by taking

advantage of the dispersion of even and odd modes and

the frequency dependence of the modes in the individual

grooves.

INTRODUCTION

The use of conventional rectangular waveguides oper-

ating in their fundamental mode al, millimeter wave fre-

quencies can cause considerable attenuation, especially

at frequencies beyond 100 GHz. Furthermore, the di-

mensions become very small at those frequencies result-

ing in manufacturing difficulties. As a possible alter-

native for some applications, groove guides have been

suggested as millimeter wave transmission media featur-

ing the advantage of low losses in this frequency range

[1], and relaxed mechanical tolerance requirements due

to larger cross-section dimensions. The single groove

guide has been proposed as leaky wave antenna, [2]-[3]

for example, whereas the double groove configuration

can be useful for the design of millimeter wave couplers.

The bandwidth of such couplers, however, is normally

small to moderate when the groove dimensions are equal.

Wider bandwidth have been obtained recently by using

asymmetrical groove dimensions [4]. This method was

reported to provide flat coupling over a 10 GHz range in

the E-band with a measured dlrectivity of better than

40dB.

Since the principle of wideband coupling between

asymmetrical lines is not only limited to groove guides,

it can also be applied to coupled dielectric slab waveg-

uides (coupled H-guides) or image lines. This was shown
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FIG.1 a) cross-section of a grcove guide
with different groove dimensions;

b) coupled H-guide with different slab
dimensions; c) double grmve guide with
partial dielctric leading in grmve 1 ;d )
topview of the coupling section in cross–
section c).

in [7] for a 3dB H-guide coupler having different slab di-

mensions.

In this paper we investigate double groove guides

having identical groove dimensions but with a partial

dielectric loading in one of the grooves. By keeping both

groove dimensions constant, the coupler cross-section is
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still asymmetrical due to the single dielectric slab. Also

this configuration provides a flat coupling over a wide

frequency range as shown in Fig. 3. In contrast to the

approach in [4], however, we chose the groove separation

wall ‘s’ to be fairly thin such that the coupling aper-

ture ‘w’ (Fig. 1) can be realized very accurately with

photolithographic techniques rather than by precision

machining aa in [4]. This is clearly an advantage be-

cause the coupling characteristic over the frequency is

very sensitive to the parameters ‘s’ and’w’. Etching the

dimensions of the coupling slot in the groove separation

wall, the fabrication of the coupler becomes more accu-

rate.

THEORY

In 1954 Miller [6] had shown that in two lossless,

uniformly coupled lines with identical propagation con-

stants, a wave which is incident in one line couples all of

its energy to the adjacent line after the length L which

is determined by

L=
II

K=. – Kzo
(1)

A 3dB coupling, for example, can be achieved by choos-

ing L accordingly shorter such that only half the energy

transfers from one guide to the other. The scattering

coefficients S13 (input port 1, output port 3, Fig. le) is

given sa a function of the coupling length L.

I S13 1=/ ‘K
~AK2 – Ak~

. sin( ~.L) I (2)

AK = K=. – K.O, Ak = KZ1 – KZ2.KZ. and K=. are

the even and odd modes of the coupled system while

K=l, K,z are the propagation constants of the uncoupled,

-i+-

can be derived from the potential functions Amz and

~ez which are sums over orthogonal eigenfunctions de

fined in each subregion as:

kw

x= a

FIG.2
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Generalized cross-section of a
double groove guide with multi-
layered dielectric in one grcove.

individual lines. For identical groove dimensions with

homogeneous cross-section, Kzl – Kzz becomes zero and

Eqn. (2) reduces to

I S13 1=1sin
()

:.L 1 (3)

However, the bandwidth of such a configuration is rela-

tively small because the difference in the phase constants

AK decreases rapidly with increasing frequency, thus

changing S 13 significant Iy. To counteract this tendency

we can introduce a dielectric slab in one of the grooves

or choose different groove dimensions. Both measures

will change the propagation of the individual guides such

that they become different. In this case S13 must be cal-

culated with Eqn. (2). It can be seen from the equation

that we gain a higher degree of freedom in designing a

constant output power over the frequency when Ak in-

creases while AK decreases, and when the increase of

Ak can be manipulated. This is indeed the situation

when we insert a dielectric slab in one of the grooves.

The value of K=, and K=. will grow with increasing fre-

quency but the difference between them still decreases.

In contrast, Ak increases significantly especially when

we use a dielectric slab in one of the grooves. The prop-

agation constant in that groove will approach + for

an infinite frequency while the one in the empty groove

will approach 1. The dispersion effect on Kze and K,O

aa well as KZ1 and KZ2 is shown in Fig. 4. From this

figure and Eqn. (2) it becomes clear that for a proper

choice of dimensions the value of Ak over the frequency

can compensate for the decreasing tendency of AK. In-

deed, the numerical calculation of even and odd modes

in the coupled groove guide with inhomogeneous cross-

section requires a greater effort compared with that of

the homogeneous cross-section. Due to the dielectric

loading the modes are neither purely TE– nor TM–

types but rather a combination, namely hybrid modes.

These modes have been calculated using a hybrid mode

analysis [5] which was modified and applied to the gen-

eralized groove guide structure shown in Fig. 2.

The electromagnetic field in each homogeneous sub-
region

Amz = ~ COS(KYJ’) .Im (Z)e–j~z.z

*l/mn

Aez = ~ sin(K~..Y)Uen(x) e–~kz.s (6)

n

Matching the tangential field components Ey, Ez, Hy
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and Hz at the common interfaces between subregions

leads to a matrix which relates the complex wave ampli-

tudes ~ and Q of the adjacent subregions to each other

(for example at interface Zl, Fig. 2)

[%1==.,=4%1===1‘7)
At the interfaces within a homogeneous subregion these

wave amplitudes are related by a simple transmission

line matrix containing only diagonal submatrices with

sinusoidal elements.

~(a)

For details of this procedure the reader is referred to

[5]. Theadvantage ofthis method is that an arbitrary

number of different subregions (which can be different

in its y-dimensions and dielectric constant) can be com-

bined by simply multiplying the corresponding matrices

according to the sequence of their occurrence. For the

example in Fig. 2 this leads to the following matrix

equation system

[1
~(r)

[1

~(l)
#7)”fi6 y(4#’) —

;(7) ‘– “=1 — – ~(l) (9)
. Z=a . Z=o

The boundary conditions in x-direction are satisfied by

considering electric walls which are placed far enough

away from the groove section. Since ~ is proportional

to Ey and Ez (which are zero at an electric wall) the

homogeneous matrix equation reduces to the upper right

quarter of the matrix product Eqn. (9)

Q = G @ (lo)

Eqn. (10) must then be solved for the unknown propa-

gation constant Kz/ko.

RESULTS

Fig. 3 shows the theoretical performance of the pro-

totype coupler with an average of 3.5dB attenuation over

a frequency range of 25 GHz. For comparison a symmet-

rical groove guide coupler in the same frequency range

shows a constant increaze in attenuation from 1.5dB at

60 GHz up to 4.2 dB at 85 GHz. At frequencies higher

than 85 GHz the performance of the new design deteri-

orates rapidly because then the difference between the

propagation constants of the individual grooves Ak be-

come predominant in Eqn. (2). This can also be seen

from the dkpersion diagram in Fig. 4. The propaga-

tion constant of groove 1 containing the dielectric slab

approaches * for infinite frequency while the prop-
agation constant of groove 2 approaches 1. Even and

odd modes of the coupled system however, are both

approaching @ and the difference AK becomes very

small compared to Ak. The frequency behaviour of

K=,, K.O and KZ1 and KZ2 can be adjusted by chang-

ing the structural parameters of the cross-section. For a

given substrate thickness and relative permittivity, Fig.

5 shows the influence of the groove separation ‘s’ on even

and odd modes. As expected, for small ‘s’ the difference

between both modes increases while the slot width ‘w’

affects only the even mode cutoff frequency as shown

in Fig. 6. For two reasons a small groove separation

is very interesting for the practical realization of groove

guide couplers: Firstly, the even mode is more sensitive

to variat ions in the slot width ‘w’, which offers the possi-

bility to manipulate the difference between even and odd
modes simply by changing ‘w’. Secondly, if ‘s’ remains

smaller than 200. I.Jrrz then the slot in the groove sep-

aration wall ‘w’ can be fabricated by photolithographic

technique rather than by precision machining.

Also shown in Fig. 6 is the variation in the cutoff

frequency for both modes when the height of groove 2

changes. Again, only the HEev,.-mode (HE,) is affected

while the HEodd-mode (HEO) remains constant. This re-

sult is easy to understand since the HEO-mode is essen-

tially the fundamental mode of the single groove guide

and is therefore virtually not affected when we change

the dimensions of only one groove. In contrast, the HE,-

mode exist as the first higher order mode in the double

groove guide and consequently depends very much on

the dimensions of both groves.

CONCLUSION

The design of a wideband groove guide coupler, par-

tially loaded with a thin dielectric, has been introduced.

Due to the dielectric material in one of the grooves the

coupler shows a constant coupling between 60 GHz to

85 GHz. Utilizing a thin metallic sheet to separate the

grooves, photolithographic techniques can be used to

fabricate the coupling aperture in the septum. This mea-

sure simplifies the mechanical design and makes it more

accurate.
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