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This paper describes theoretical and
results of TE02 and 'I‘Eo3
waveguides with large diameter,
results show that the TEOl
than 0,8 4B for the former and less
than 0.4 4B for the latter over the 40 to 80-GHz

frequency range. The attenuation loss of the

Summary :
experimental mode filters
for circular The
experimental insertion

loss is less

une-
desired modes is more than 6 dB over the same

frequency range for both filters,

In millimeter-wave circular waveguide communi=-
cation systems, the inner diameter of the circular
TEOl
than free-space wavelength that a considerable

mode waveguide is chosen to be so much greater

number of undesired modes are generated in the bend
or at discontinuities along the transmission path,
In particular, circular waveguide corners ( the so-
called miter elbowéncapable of bending the wave at
sharp angles) and the half-mirror of the Michelson
interferometer~type band-splitting filters generate
circularly symmetric modes (TEOZ'TE03' etc.) in
large quantities, Degradation of the transmission
characteristics, therefore, occurs due to the con-
version and reconversion between the TEO1 signal

mode and the undesired modes,

Although a helix waveguidé is generally very
effective as a mode filter, it has no filter~effect

on the undesired TEOn(nE:Z) modeés, Therefore, TE,
mode filters capable of absorbing the generated

TEq, |
conditions for TEOn mode filters are that the

modes must be specially provided, The required

attenuation of undesired modes is high and the
insertion loss for the TEOl mode is low over a
broad frequency range, and that the inner diameter
of the filter is nearly equal to that of the TEOl

transmission line (suck as 51 mm or 60 mm),

There have been proposed and tested a wavew
coupled typé? a metal-sector typéz)and a resonant-
slot type TE02
not been very effective in the case of the large

mode filter, but such filters have

inner diameter, On the other hand, the TE02 and

’I‘EO3 mode filters described in this paper have
advantages such as (1) the mode filter length is
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only a few handred millimeters for 51 mm inner diae-
meters, (2) the construction and the manufacturing
are simple, (3) the required fabrication accuracy
is not so severe as a wave-coupled type, and (4)

broad-band filter effect is expected,

A skech of the overall view and the cross-

sectional view of the TE mode filter are shown

together with a photogragi in Fig, 1. In the mode
filter suggested by us, the filtering is accom-
plished by converting the TE02 mode into unsym-
metrical modes ( mainly TE s TByps Ty, eto,

) modes), whlch are suppressed by

resistive material sheets or helix waveguides,

As can be seen from Fig, 1, a circular waveguide
of radius R is divided into two semiw-circular
waveguides by a metallic slab, One of the two wave-
guides has the radius R’ and is connected with the
taper from R to R’ semi-circular waveguides, At
the input and output of the metallic slab the radii
of the semi-circular waveguides are made equal and
there are resistive sheets in contact with the
metallic slab, Furthermore, a semi-circular dielec-
and thickness ¢
is disposed at the position of 0,546R’ where the
electric field of the TE

is zero.

tric with dielectric constant er

02 mode with smaller radius

By using the design parameters described above
in such a manner that the phasé difference at the
output of the semi-circular waveguide is equal to =
for the TEOn

we shall obtain the converted unsymmetrical modes

(n22) modes, to zero for the TE,, mode,

only for the undesired mode, The phase difference
for two semi-circular TE, (n=1, 2, 3,--**) modes
are produced by decrease of the radius and insertion
of dielectric in one of the waveguides, and are

respectivly determined by the following equation,
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Fig, 1, Circular TE02 mode filter

where X[pn] and kg[on]

value and a guide-wavelength for the 'I‘Eon mode, leq

are, respectively, an eigen

iz the equivalent length of the section having the
R,

is the radius of the position where

reduced radius taking into account the tapered
region, and
a semi-circular dielectric with length h is dis-

posed.

In the production of a phase difference of the
TEgo
the radius, it is obvious thatAeKanor the TE,

mode, 49[02]equal to n only by decrease of

mode does not become zero and that the insertion
loss increaseéﬁ’ln the case of the TE02 mode filter,
therefore,Ae[Ol] caused by a decrease of radius
must be cancelled by a dielectric disposed at the
position described above; The TEO3 mode filter does
not require a dielectric because 49[01] is very
small when designating»ﬂe[03] equal to m.

The manufactured TE02 and TE03 mode filters are
relatively short, having overall lengths, respeo~
tively, of 650 mm and 600 mm in spite of the use of
a large radius waveguide (51 mm ).

Figure 2 shows the frequency characteristics of
the phase difference for the TEO1 and TEO2 modes
which are obtained by changing the radius and

disposing a dielectric in the waveguide,

cross=sectional view
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The experimental results for the TE02 mode filter
are shown in Fig. 3. In Fig, 3-a, which shows the
insertion loss characteristics for the TEOl mode,
it is shown that the experimental values indicated
by the solid lines are in good agreement with the
theoretical values shown by the broken lines, and
that the loss is less than 0,8 dB for 40-80 GHz,
The theoretical values take into account the heat
loss in the wall, the tan & loss of the dielectric,
the mode conversion loss in the tapered semi=-
circular waveguides, and the loss due to the phase
difference of the TE., mode, Although the phase

(023
difference of the TE mode has been chosen to be

zero at 50 GHz in Fig% 2, we can arbitrarily choose
the frequency at which the phase difference becomes
zero, by changing the dielectric constant or the
sizes, Figure 3-b shows the attenuation loss
characteristios of the TE02 mode, The effect of the
dielectric upon the TE02 mode is almost negligible,
and the attenuation losses are more than 6 dB for

40-80 GHz.

On the other hand, the frequency characteristids
of the phase difference of the TEOl' TE50s and 'I‘EO3
modes for the 'I‘Eo3 mode filter are shown in Fig. 4.
As shown in Fig. 4, the phase difference for the
o1
needs no dielectric and the insertion loss of the
TE

ol
the advantage of absorbing more or less the TE02

modes is so small that the ’I‘EO3 mode filter
mode is very low, Furthermore, this filter has

mode in the low frequency range, The experimental

results of the ’I‘EO3

As shown in Fig. 5-a, the measured values are in

mode filter are shown in Fig.5,

good agreement with theoretical values, and the
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Fig. 2, The frequency characteristics of the
phase difference for TEOZ mode filter,



insertion loss is less than 0,45 dB over the fre-
quency band 40-80 GHz, Figure 5~b and Fig, 5~c show
the attenuation losses of the 'I‘E02 and TE03 modes;
ir. particular, the attenvation loss of the TE03
mode is more than 6 4B for the same frequency band

above,

As demonstrated by these figures, we have been
able 1o obtain good performance of the TE02 and TEO3
mode filters with a large inner diameier of 51 mm,
In particular, the construction and the manufac-
turing of 'I‘E‘.O3 mode filters are simple because of
the absence of a dieleciric,
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Fig. 3, Transmission characteristics of

TE02 mode filter,
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Fig. 4, The frequency characteristics of the
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(v), Attenuation loss characteristios for TE

Attenuation loss (dB)

Frequency ( CHz )

02
mode,

40, i ! I

l{\‘ '

'“ -=w=-— Theoretical value
30— - “’l'{ \ - Experimental value
20,
10.

Frequency ( CHz )

(e)y Attenuation loss characteristics for TE
mode, 03

Fig. 5, Transmission characteristics of TEO3
mode filter.



