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SUMMARY

A bandpass filter with high attenuation cut off

has been realized by cascading a bandpass filter

containing 4 dielectric resonators and a two die-

lectric resonators bandstop filter.

The filter response has a higher cut off attenua-

tion rate [26 db/10 MHz) compared to the original
bandpass filter (14 db/10 MHz).

The attenuation characteristics and return 10SS

response show that the bandpass and the center
frequency remain inchanged at 40 MHz and 4.015GHz

respectively. The insertion losses are low (Idb)

INTRODUCTION

Waveguide or cavity resonators give the best

unloaded Q’s and hence will result in filters with

minimum insertion loss for a given fractional band-

width. However they have the disadvantage of being

relatively bulky and of being useful over only a
limited frequency range because of the possibility
of higher order modes.

The availability of dielectric resonators with
small tan 6 and good temperature Characteristics

{1} enable microwave filters to be designed with
dielectric resonators. This paper presents a new
dielectric ~onator type filter named : bandpass

filter high attenuation cut off rate.

Bandpass filter

A typical bandpass filter to be designed is

comprised of a rectangular waveguide below cut off
containing dielectric resonators. The structure is

then connected at both ends to two rectangular pro-

pagating waveguides as shown in figure 1.
When the propagating wavegui.des are excited

by the TEl,o mode and if the dielectric resonators
are oriented along the x direction, the TEo,Y ,6

mode of the dielectric resonator will be excited.

The external guality factor Qeof the dielec----.-——
tric resonator in the evanescent waveguide has been

analysed. Qe is given by equation 1 .
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Pq : reflection coefficient at z’=0 looking toward
z’ < 0.

Z,z’: wave impedance respectively of the propagating

and cut off waveguides

Y’q : attenuation constant

B’x : propagation constant in dielectric resonator

Jq[Poql : trigonometric Bessel function of Ist kind.

Theoretical and experimental Qe variations as

a function of the distance between center of the re-

sonator from the sectional phase So located at z’=0
are given in figure 2.

- The method used to calculate the direct cou-
pling k between two dielectric resonato=a—
cut off waveguide is based on the theory of pertur-

bation {2} . k is given by (2). We note that this k

value depends on the reflection coefficient at the

discontinuity -y’4ss
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n : free wave im~edance
d : length of the waveguide

Ss : inter resonators spacing.

The inter resonators coupling coefficient k vs
ss distance between the resonators is given in figu-
re 3.

A4

designed

in table

240
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and realized with the specifications given
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Curves 4 show the frequency response charac-

teristics of the bandpass filter.

Table I : Theoretical and experimental results
of a 4-resonator Bandpass Filter.

~ \THECIRETICAL I PRACTICAL
I

I Centre
Frequency I 4 GHz I 4, 0135 GHz I

I Bandpass I 40 MHz
I

39 MHz I
Ripple

Factor
0,2 dB 0,3 dB

Insertion

Loss
0,618 0,75 dB

I V. S.W.Rm 1,1 1, 18

Z. Bandstop filter

A bandstop filter can be realized by placing

the dielectric resonators in a propagating wavegui-

de. The resonators are placed in such a way that

they rast isolated in their own metal enclosure but

are coupled to the main waveguide through aperture

on the waveguide walls (figure 5].

The Hx coupling configuration is chosen be-
cause the orientation of the dielectric resonator

is symmetrical with respect to the electric field.

Fig. 6 gives the measured values of the exter-

nal Q factor as a function of the distances d and t
respectively. It can be observed that for a fixed
position of the resonator [t), Qe remains Practical-

ly constant for d > 3 mm.

A bandstop filter is to be designed to satisfy
the specifications given in table 2.

Fig. 7 shows the attenuation characteristics

of the two resonatora bandstop filter constructed.

Table II : Theoretical and Experimental values of

a 2-resonator Bandstop Filter.

DESIRED EXPERIMENTAL
SPECIFICATIONS

CENTRE I
FREQUENCY I

3,88 GHz 3,875 GHz I
I I I

I
BANDSTOP 20 MHz 19,5 GHz

I

INSERTION
LOSS

0,3 dB 0,33 dB

V.S.W.R. I 1,1 I 1,22
I

3. Bandpass filter with high attenuation
-.. A .rr
IJUL Uli

An interesting feature occurs when the band-

pass filter is cascaded at its ends by two bandstop

filters. Their presence behave essentially as intrCl-
ducing two poles of finite attenuation to the band-

pass filter response in the stOp band.

The resonators were tuned such that their reso-
nant frequencies fall symmetrically outside the band-

pass limits until a minimum attenuation of about

30 MHz is obtained in the stop band.

The filter response is shown in fig.8. The me,>
sured pole frequencies of 4.056 and 3.978 GHz with

the minimum attenuation of 32 db seems to agree

quite well with the calculated values.

It can be now observed on the same figure that

the new filter response seems to have a higher cut

off attenuation rate [26 db/’lO MHz) cOmpared tO the

original bandpass filter [14 db/10 MHz). The center

frequency and the bandpass remain unchanged at
4.oI5 GHZ and 40 MHz respectively. HOwever with the

introduction of the bandstops, the insQrtiOn loss
in the Dass-band increases [0.75 db to 1 db).
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Fig.’l : Dielectric resonator in a cut-off
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Fig. 5 : 2-resonator bandstop filter.
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