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Abstract

In this paper the method of optimal design is
dealt with for six parameters selected by the

Orthogonal Array Table (OAT). A lot of Sets of

parameters are presented, by which the filled image

guides have optimal propagation properties. The

guiding ability is strengthened greatly as the

hollow core is filled with another dielectric

material.

I. Introduction

The hollow image guide presented by T.Itoh

(1981) is a variant of image guide. It makes the

design process more flexible. [1,2]
In this paper the conditions are derived which

the three lower modes satisfy respectively in a
filled image guide. A lot of sets of parameters

are presented, by which the filled image guides
have optimal propagation properties.

II. The conditions of the existing three lower
modes

The eigenvalue equat~ons describing wave pro-
pagation in a filled image guide shown as Fig. 1

are:
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respectively in a filled image guide from the

eigenvalue equations. These are:

~YThe lowest mode ~1 mode always exists no

matter how low the frequency is.

for E~l mode (p=2, q=l), where K,=./~~#oW.

(4a)

for E~2 mode (p=l, q=2) where

AS for the hollow image guide (&r,=l), E “ (4b)
q

becomes

~kk,- *~Bo (4b’)
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III. The propagation properties

In this paper the method of optimal design is

dealt with for six parameters: a,c,b,h, &r, and l?r~

selected by the Orthogonal Array Table (OAT), [4]

which affect the single-mode bandwidth, the exter-
nal field divergence, the conductor and the

dielectric losses. Some sets of optimal parame-
ters are selected out. Some of them are:

(1) a=l.5mm, C=O.5SUS, b=2.Omn, h=l.Ormn, ~q =2.25,

i?ra=3.78. It has widest single-mode band-

width: 85.90 GHz. But the external field diver-

gence is great and the dielectric loss is high.
(2) a=3.4mm, c=l.lmm, b=3.8mm, h=O.9mm, &r, =2.25,

&ra=3.78. It has smallest external field

divergence: Po/Pi=o.077

(3) a=3.4mm, c=O.9mm, b=2.lmm, h=O.6mm, &r,=l,

fr2=3.78 It has lowest dielectric loss:

0.006323 dB/cm. But the external field
divergence is greatest.

(4) a=3.Omm, c=2.Omm, b=4.2mm, h=O.9mm, Crl =1,

Erz=3.78 It has lowest conductor loss:

0.000635 dB/cm.

From the calculations both the filled image

guide and the hollow image guide possess similar

wide single-mode bandwidth. The guiding ability is
strengthened greatly, if the hollow core is filled

with another dielectric material, the dielectric

constant of which is lower than one of the dielec-
tric strip, most of the energy i.s carried i-n the

strip, so that external field divergence decreases.
This makes the design process more flexible. In

general, it is unable to be satisfied together
that the external field divergence is small and the

dielectric loss 1s low.

It is found in the calculations that using

teflon or fused quartz as the strip in a hollow

image guides has optimal propagation properties.

From a rough estimate, the first high order mode

is ~Y
21

mode as the factor (a-c)/(b–h) is greater

than about 1. Otherwise the first high order mode
x

is
’12

mode as to the hollow image guide. But

the first high order mode is always E~2 mode as

to the filled image guide, it is not concerned in
the selection of the sizes.

The dispersion properties of the filled image

guide are show in Fig 2.

The properties of external field divergence
are shown in Fig. 3. The value of the external
field divergence log(po,p ) decreases, as the
frequency increases. i

The properties of dielectric loss are illu-

strated in Fig. 4. The dielectric loss increases
with frequency.

The properties of conductor loss are indi-
cated in Fig. 5. The conductor loss has peak

value at certain frequency.

Fig. 3-Fig. 5 are the properties of the

lowest mode E;l , where curve 1 is obtained by

calculations using the set of the parameters which

are a=3.35~, c=l.05~, b=3.55~, h=13.85~,

&r, =2.25, 6r& =3.78, and curve 2 is obtained by

calculations using the set of the parameters which

are a=2.4rmn, c=O.8mm, b=3.4mm, h=O.4nm, Er,=l,

~ra=3.78.
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Fig. 2. Dispersion pro-

perties of the

image guide
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Fig. 3. Properties of

external field divergence
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Fig. 5. Properties of
conductor loss
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