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Abstract

An efficient analytical method based on Weber-—
Schafheitlin integral is presented for accurate field
calculation in the trapped image guide. Several
numerical results of the field distributions are
presented and compared with measured data at Ku~band.

Introduction

The trapped image guide (Fig. 1) has been prop-
osed for reducing the radiation loss at bends in
dielectric millimeter-wave integrated circuits.l
It has also been used for a leaky wave antenna. An
efficient method based on the effective dielectric
constants and surface impedance has been developed
for dispersion characteristics of this waveguide.
Although the dispersion characteristics so derived
agree well with experimental data, the predicted
field distribution can correlate with measured results
only qualitatively. It is widely recognized that more
accurate analyses are required for the field distrib-
utions than for the dispersion in a class of open
dielectric waveguides.4

In this paper, we present a method based on
Weber-Schafheitlin discontinuity integral for deriving
an accurate field distributjon in the trapped image
guide. Such knowledge is indispensable when milli-
meter-wave components such as leaky wave antennas
and directional couplers are designed. One of the
advantages is that in this method the boundary con-
dition on the ground plane y = 0, |x| > a+c is
automatically satisfied.

Method of Analysis

In this paper, we will discuss only EY, modes.
Our main interest is the field distributions for the
region y > 0, because these are the ones important
for component design. In addition, they are more
difficult to describe than those in the trough region
where the field is confined within [x[ < a+c.

For region y <0, we use the effective dielectric
constant method to obtain a hypothetical medium e

filling the trough. First, we obtain the hypothetical
value €qq 10 Fig. 1(b) by a now conventional EDC

method.l & is obtained next such that the phase
velocities of trough lines (those with infinitely high

side walls) filled with € and €, are identical.3

In [3], the propagation constant B of the original
structure Fig. 1(a) is derived from Fig. 1l(c) by
matching the surface impedances at y = 0 looking
upward and downward.

We will use the values of B so derived in the
derivation of the field distribution in this paper.
For y < 0, we expand the field in a sinusoidal series
appropriate for Fig. 1(e¢). For instance,
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Obviously, this representatien is not accurate enough.
However, we simply use this expansion to obtain accur-~

ate information of the field in y 2 0 which is our main

interest as shown below. >
In the semi-infinite region y = 0, we expand Ey as
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Jv(x): Bessel function

Note that vx J+% (kxx) are sinusoidal functions and
. £
hence Y& satisfy the Helmholtz equation. These rather

complex forms of expansion are chosen with a good
reason. Notice that Ex and EZ are proportional to

BEy/ay, which is in turn proportional to
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(v=12m+ 1or 2m + 2). For y = 0, the above quantity
becomes the one called Weber-Schafheitlin integrald

and becomes identically zero for [xl> a 4+ c. Therefore,
choice of Y;(x,y) satisfies the boundary conditions on

EX and EZ automatically.
We now impose the interface matching conditions
at y = 0, [x < a + ¢ on the tangential fields from

(1) and (3). After some mathematical manipulations,
we obtain a matrix equation for An’ Cm and Dm' Although

the matrix elements contain infinite integrals of the

o J.(8) J_(E)
form IO-JB—7?~————-d€, they can be evaluated efficient-
ly as the ifitegrand decreases quickly. Solving this
equation for these coefficients, we can find the field
distributions.
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Numerical Results and Experimental Verification

We consider here only the dominant E{l

the channel region. The normalized distributions of
the field components E and Ez outside of the channel

mode in

are presented in Fig. 2(a) and (b), respectively. Tt
is seen that the boundary condition Ez =0aty=0,

[x[ >a + ¢ is satisfied in the numerical results.

We performed measurements of the field distrib-
ution of E, outside of the channel by means of a
movable probe at 14 GHz. Comparison between the
numerical results and the experimental data is given
in Fig. 3. It is evident that agreement between
theoretical and experimental results is quite good.

Fig. 4 presents relative decay as a function of
digtance above the y = 0 plane in the symmetry plane
x = 0,

Fig. 5(a) and 5(b) illustrate the x-variation of
the field components Ey and EZ at different frequencies.

It is evident that more fields are concentrated in the
central area when the frequency is increased. TFig. 6
presents the variation of the relative strength of the
field components Ey(0,0) and E,(0,0) with respect to
frequency. It is clear that the contribution of the
axial component Ez increases with frequency.

Conclusion

In this paper, we have presented a method based
on the Weber-Schafheitlin integral and the EDC method
for predicting the field profile above the channel in
the trapped image guide. Some numerical results are
presented. Experimental verification of the field
profile predicted by this method is included. This
method can be applied to other open waveguides with
a similar configuration.
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Fig. 1 Analysis models of trapped image guide
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Fig. 2 Normalized distribution of field component Ez
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Fig. 3 Comparison between theoretical and experimental

Fig. 2b Normalized distribution of field component E_.
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Fig. 4 Normalized EZ and Ey distributions vs. Y. Fig. 5a Normalized distribution of field component

Ey at different frequencies.
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Fig. 5b Normalized distribution of field component Fig. 6 Relative field strength at (o,y) vs. frequency.
EZ at different frequencies.

229



