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ABSTRACT

Methods to improve the spurious performance of comb-

line filters are investigated. The first spurious passband

of a conventional combline filter with uniform rods can

be pushed to a higher frequency by using stepped rod

resonators or suppressed by a careful design of the cou-

pling slots without a noticeable sacrifice of filter inser-

tion loss. Experiments verify the theory.

I. INTRODUCTION

Combline filters [1]-[4], with the merits of low cost,

small size, relatively low loss, and good spurious re-

sponse, are now widely used in many communications

systems as input and output filters. For both appli-

cations, particularly for the output filter applications,

it is desired that the filters have a wide stop-band to

reject the first few harmonics of a transmitter or an os-

cillator. Traditional analysis based on the TEM mode

transmission line theory predicts that the first spurious

passband of a combline filter occurs at 3$0 for 90° res-

onators and at 5~o for 45° resonators [1], where .fO is

the center frequency of the filter. In practice, the first

spurious band of a combline filter often differs from

the TEM mode prediction and occurs around 3~o. For

more accurate control of the spurious performance of

a combline filter, new resonant structures need to be

investigated and a rigorous analysis of such structures

is’ essential.

In this paper, a stepped rod combline resonator, which

is an extension of the concept of the stepped impedance

resonators introduced in [5] to improve the stop-band

characteristics of dielectric filled coaxial filters, is stud-

ied analytically and experimentally. A full wave model

similar to the one proposed in [6] is applied to calculate

the dominant mode as well as higher order mode res-
onant frequencies and coupling coefficients. Numerical

investigation is performed to find the effect of stepped

resonator parameters on the spurious characteristics
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Fig. 1 Configuration of coupled combline cavities with

stepped rod resonators.

and to show the different behavior of slot couplings of

the dominant mode and the first higher order mode.

Ways to further improvement of combline filter’s spu-

rious performances are proposed based on the analysis.

As an application and a validation, an experimental

five-pole Tchebyscheff filter with different resonant rods

is designed and tested. The expected improvement of

the spurious response is obtained.

II. ANALYSIS

The general structure of the combline resonators un-

der consideration is shown in Fig. 1. The key for an ac-
curate characterization of the structure, including cal-

culation of resonant frequency and coupling coefficient

for a given mode, is to solve the generalized scattering
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parameters [ST] of a cylindrical object, representing the

resonant rod, in a rectangular waveguide. As discussed

in the previous papers [6]-[8], [S’] can be obtained by

mode matching technique in conjunction with the or-

thogonal expansion method [9] [10] by introducing an

artificial cylindrical boundary at r = a. The boundary

divides the problem into a radial waveguide discontinu-

ity problem and a problem of a rectangular waveguide

discontinuity with a cylindrical boundary. Under this

treatment, the resonant rod shown in Fig. 1 can be

viewed as a cascade of several radial waveguide dis-

continuities. The procedure for mat thing the artificial

boundary is independent on the rod structure.

With the knowledge of [S”], the characteristic equa-

tions for a single cavity and two coupled cavities can

be acquired by applying proper termination conditions

at the end walls of the cavities [6]. The resonant fre-

quencies and the coupling coefficients can therefore be

obtained by solving the equations.

III. NUMERICAL INVESTIGATION

Using the model discussed above, the higher order

mode characteristics of combline cavities are investi-

gated.

Fig. 2 shows the variations of the first higher order

mode frequencies of stepped combline resonators, with

different step length h, tuned at 55° and 64°, respec-

tively; where the electrical length is defined as 0 = kofl;

~o is the dominant mode frequency; $1 is the first higher
order mode frequency. h/H = O and h/H = 1 repre-

sent the uniform rods with radius of r. and rl, respec-

tively. As can be seen there exists an optimum step

length at which the first higher order mode is pushed

to the highest possible frequency. The optimized step

length changes with the change of electrical length of

the resonator.
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Fig. 2 Variations of the first higher order mode
frequencies of a stepped rod combline resonator with

different step length. 2a = L = 1.6”, b = 2.7”,

rl = 0.4ro = 0.1”, and H = 2.4”.
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Fig. 3 Variations of the first higher order mode fre-

quencies of a stepped rod combline resonator with dif-

ferent gaps. 2a = L = 1.6”, r. = 0.25”, h = 1.6”, and

H = 2.4”.
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Fig. 4 Magnetic field distributions of a combline res-

onator in a cross section parallel to the resonator rod

for (a) dominant mode and (b) the first higher order

mode.

Fig. 3 presents the shift of the first higher order

mode frequency with respect to the change of the gap
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between the rod and the end wall of the cavity for dif-

ferent radius ratio of stepped rods. The cavities are

numerically tuned at the same frequency with the rod

electrical length of 55°. For a given radius ratio, ~1/~o

increases with the decrease of the gap. As a limit, the

transmission line theory applies when the gap tends to

infinitely small. This results in ~1/~o -+ 1 + ~ for an

uniform rod with the gap approaching to zero. How-

ever, it may not be practical to move away the first

spurious mode of a combline cavity by significantly re-

ducing the gap due to structure limitation and power

handling consideration. As shown in the figure, a prac-

tical way is to use stepped rods. The larger the ra-

dius ratio is, the further the first higher order mode is

pushed to.

On the other hand, the first higher order mode of a

combline resonator usually has the same field distribu-

tions as that of the dominant mode in the transverse

cross section and therefore can be viewed as a quasi

TEM mode in the rod direction. The magnetic field

distributions of the dominant mode and the first higher

order mode in a cross section parallel to the rod are

shown in Fig. 4. This figure implies that it is possible

to carefully design a coupling structure which provides

the required coupling to dominant mode, but minimizes

the coupling of the first higher order mode. In this way,

the first spurious passband of a combline filter can be

suppressed or killed; and the spurious response is im-

proved.

IV. EXPERIMENTS

As an application and validation of the analysis, a

five pole Tchebyscheff combline filter with the center

frequency of 836.5 MHz and the bandwidth of 25 MHz

is designed and tested for its spurious performance.
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Fig. 6 A typica~~easured passband response of the

filter.

The filter is constructed with 61° uniform rods, stepped

rods, and their different combinations, respectively. The

stepped rods have the parameters as rl /r. = 0.4 and

h/H = 0.583. The slots, which are opened from the

open ends of the resonators, are designed based on the

uniform rods, and tuning screws are used to get cor-

rect coupling for the other cases. The calculated mode

charts of the combline cavity with the uniform rod and

the stepped rod are given in Fig. 5.

The typical passband response of the filter is pre-

sented in Fig. 6. The wideband responses of the filter

with all uniform rods and all stepped rods are shown in
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Fig. 5 The calculated resonances of the combline filter

resonator with the uniform rod and the stepped rod,

respectively.
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Fig. 7 The measured wideband response of the filter

wit h all uniform rod resonators.
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Fig. 8 The measured wideband response of the filter

with all stepped rod resonators.
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Fig. 9 The measured wideband response of the fil-

ter with the rod combination of U-S-S-S-U and with

the first spurious band suppressed by adjusting the slot

tuning screws.

Fig. 7 and Fig. 8, respectively. As expected, the first

spurious passband corresponds to the calculation and

occurs around 2.9.fo for all uniform rod filter and 3. 7~o

for all stepped rod filter. The mid-band insertion losses

of the two filters are 0.327 dB and 0.375 dB correspond-

ing to the unloaded Q of 2550 and 2300, respectively.
With mixing the uniform rods and the stepped rods,

the spurious passbands appear, in general, around both

2.9~o and 3.7$., but with lower levels.

As discussed in the last section, the real levels of the

spurious passbands depend on how the resonators are

coupled. For the filter using the stepped rods, the first

higher order mode coupling is minimized when the cou-

pling tuning screws are tuned very deep; therefore the

spurious passband due to the first higher order mode

is suppressed. Fig. 9 shows the wideband response of

the filter with the combination of U-S-S-S-U, where

U represents a cavity with uniform rod and S indicates

a cavity with stepped rod, when the first spurious band

is suppressed by adjusting the coupling tuning screws.

V. CONCLUSION

The spurious performance of combline filters is in-

vestigated. The first spurious passband of a combline

filter can be either shifted to a higher frequency by us-

ing stepped rods or suppressed by a careful design of

the coupling structure to minimize the coupling of the

first higher order mode. Numerical analysis is verified

by experiments.
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