
ABSTRACT

A dielectric rod resonator with the dominant TM01δ
mode proposed realizes a strong coupling between the

resonator and a waveguide. The design is performed to

obtain the best separation from the other higher modes.

Bandpass and bandstop filters with excellent spurious

characteristics are designed by using these resonators.

INTRODUCTION

The high-Q TM01δ mode in a dielectric rod resonator

has been used to construct a compact bandpass filter,

where the resonators are placed in the center of a

conducting cylinder and are excited axially symmetrically

by coaxial monopoles [1]. In this structure, the strong

excitation between the TM01δ mode and the monopole can

not only be obtained, but also the excitations of undesired

modes except the TM0 mode can be suppressed; thus the

good spurious characteristic can be realized although this

mode is the fourth higher resonant mode.  Some detailed

discussions have been presented for the inter-resonator

coupling and for a coupling between the resonator and the

coaxial monopole; thus we can use precise calculation

approachs to design these filters [2]-[6]. For high-power

applications of these filters, it is necesary to excite this

resonator by a waveguide. However, it is difficult to

obtain the good response, because an aperture on the

waveguide excites all the modes. 

In this paper, a new resonator structure characterized

by the dominant TM01δ mode with the lowest resonant

frequency is proposed and is designed to obtain the best

separation from the other higher modes. Experiment

shows that a stronger coupling between a resonant mode

and a waveguide can be realized for the dominant TM01δ
mode, compared with two cases of the high-Q TM01δ

mode[7] and the TE01δ mode [8, 9]. It is verified that

bandpass and bandstop filters using these resonators

realize excellent spurious characteristics even for

waveguide excitations.

DOMINANT TM01δ MODE RESONATOR

Fig. 1 shows configuration of a dielectric rod

resonator, where a dielectric rod having relative

permittivity εr, diameter D, and length L is placed

symmetrically in the center of a cylindrical conductor

cavity of diameter d and height h. For this structure, the

rigorous field analysis of all resonant modes has been

already performed by the mode matching technique[1].

From the computation,  it was found that the TM01δ mode

becomes dominant when L is considerably longer than D.

For this dominant TM01δ mode resonator with εr=24,

optimum values of S=d/D, X=D/L, and G=t/D were

determined to obtain the maximum value Frmax of a

frequency ratio Fr=fr/f0, where f0 and fr are resonant

frequencies of the TM01δ mode and of the other higher

modes, respectively. Fig. 2 shows the mode charts to

calculate easily resonant frequencies and normalized Q

values, Qd tanδ and Qcδs/λ0 for this resonator, computed

around the optimum dimension ratios (S=4.0, X=0.17, and

G=1.0 for Frmax=1.5). The unloaded Q-factor of this
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resonator Qu can be calculated by using the relation

1/Qu=1/Qd+1/Qc, where Qd is one due to the dielectric

loss, Qc is one due to the conductor loss, tanδ is the loss

tangent, δs=(2/ωµσ)1/2 is the skin depth, λ0 is the resonant

wavelength, and σ is the conductivity of conductor.

We measured the external Q, Qe as a function of a

space between a rod end and a waveguide wall l for each

of three resonators; the dominant TM01δ mode and the

high-Q TM01δ mode[7] and the TE01δ mode[8, 9],

constructing reaction type resonators shown in Fig. 3.

These measured results are shown in Fig. 4. The dominant

TM01δ mode can realize the lowest measured Qe valueof

three modes. For the TE01δ mode, the resonator must be

inserted in a waveguide to obtain a strong coupling[8,  9].

On the other hand, for the dominant TM01δ mode, the

same Qe value can be obtained without insertion of a rod

into waveguide; thus, we can avoid the undesired inter-

resonator coupling in this case.

BANDPASS AND BANDSTOP FILTERS

Three bandpass filters (BPF) and a bandstop filter

(BSF) with waveguide excitations were designed by using

Ba(Mg,Ta)O3 ceramic rods (εr=24, tanδ=4x10-5 at 12GHz)

at a center frequency 12GHz with a 3dB bandwidth

36MHz. 

Fig. 5(a) shows a structure of a four-stage BPF,

constructed by using the high-Q TM01δ mode resonators.

Four ceramic rods are placed coaxially in a copper
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cylindrical cavity and are supported by foamed

polystyrene. Fig. 5(b) shows the measured frequency

response. Three spurious modes appear under the TM01δ
mode. 

Fig. 6(a) shows the filter using four dominant TM01δ
mode resonators. Fig. 6(b) shows the measured frequency

response. The spurious response is improved, compared

with the case of Fig. 5.

To improve the insertion loss of the filter shown in

Fig. 6(a), we designed a structure shown in Fig. 7(a), in

which the second and third dominant TM01δ mode

resonators (Qu=9,000) were replaced by the high-Q

TM01δ mode resonators (Qu=22,000) shown in Fig. 5(a).

A 3dB bandwidth is 133MHz only in this case. Fig. 7(b)

shows the measured frequency response, where no

spurious response appeares over the waveguide

bandwidth, and the equivalent Qu value calculated from

the insertion loss is Qu=14500, compared with Qu=8200

for the filter in Fig. 6. For multiplexer applications,

furthermore this structure is expected to be superior to the

case of the TE01δ mode resonators, because the strong
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(b)  Measured result

Fig. 6  A four-stage BPF using dominant TM01δ
resonators excited by waveguides
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coupling between the dominant TM01δ mode resonator

and a waveguide can realize the reflection characteristic.

Finally, a two-stage BSF was designed by using the

dominant TM01δ mode resonators. Fig. 8(a) shows the

structure. Fig 8(b) shows the measured frequency

response of this filter. This characteristic is comparable to

the TE01δ case.

CONCLUSION

It is concluded that the dominant TM01δ mode

dielectric resonators are useful to realize BPFs  and BSFs

with relatively wide bandwidth and excellent spurious

calacteristics. 
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Fig. 8  A two-stage BSF using dominant TM01δ
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