
A SIMPLE EXPERIMENTAL TECHNIQUE FOR DETERMINING COUPLING BETWEEN DIELECTRIC RESONATORS

Jerry C. Brand

Motorola Inc., GEG

Scottsdale, Arizona

ABSTRACT

A method for determining the coupling coef–

ficients between dielectric resonators (DR) is

presented. Experimentally measured S–parameters

are used to characterize a circuit model of the

DR. The DR’s resonant frequency is systematically

altered with a sliding short in the desired filter

configuration and measured. This data is combined

with the DR model utilizing equivalent circuit

techniques to determine the coupling coefficient.

MODEL DEVELOPMENT

Filters utilizing dielectric resonators (DR)

are typically configured in a direct coupled man–

ner [1]. This coupling is achieved through the

external magnetic field of the DRs and is adjusted

by varying the distance between the resonators.

This type of filter construction requires know-

ledge of the coupling between the end resonators

and the transmission line and between individual

resonators as shown in Figure 1. The usual method

of determining the coupling between resonators is

to perform an insertion loss measurement with two

resonators coupled together [2]. However, this

measurement requires the movement of the DRs and

this usually involves the machining or rearranging

of the filter structure. This technique is not

only a potentially destructive test but is time

consuming and also prone to errors if the coupling

for several different bandwidth filters are to be

measured.

The basis for the experimental technique de-

scribed herein involves the model of a DR, image

theory, and the equivalent circuits of coupled

resonators. The equivalent circuit of the DR
resonant at a frequency f. is the coupled parallel

RLC network shown in Figure 2 with the impedance

given by [3].

2B

‘=1+2QUX
(1)

where Qu is the unloaded quality factor of the DR,

B is the coupling of the DR to the transmission

line, and x=(f-fo)/f. The equivalent circuit

values of the L and C may then be calculated using

equation (l), measured data for B and Qu [3], and

f. =
1

2 Trc
(2)

near the resonant frequency fo. The calculated

values from a typical DR are also shown in Figure
2. Figure 3 illustrates two equivalent circuits

of a two resonator direct coupled filter.

The relationship between

by [4]

La(Lm + Lc)
L1=L2 =

La+Lm+Lc

and

La Lc
M=

La+Lm+Lc

The coupling coefficient

by

The components La and Lc

nent L in equation (2).

the two circuits is given

(3)

(4)

k may then be determined

(5)

are the resonant compo-

If one of the resonators

is shorted out, the resonant frequency f. will

shift due to the inductive coupling of Lm. Since

the capacitance of the resonator is unchanged, the

inductor Lm is given by

L’ L
Lm=—

L– L’
(6)

where L’ is the inductance required to resonate C

at fo. With this information, the circuit values
L1 and M and the coupling coefficient k may be

calculated. The problem then arises how to physi–

tally perform a representation of these opera-

tions.

EXPERIMENTAL METHOD

The equivalent circuit of the resonator indi-

cates that shorting at f. will occur when the

resonator is detuned. However, this will change

the equivalent circuit of the resonator and may

give false coupling results as well as limit the

determination to one coupling value only. The

alternative is to replace one resonator with a

movable short. This configuration is shown in
Figure 4 along with the image of the remaining

resonator. This image of the DR allows the deter-

mination of the fields that would exist if two DRs

were physically in place [5]. The transfer of

energy does not take place since the model only

represents a mathematical equivalent. Instead,

the energy is reflected as if the image resonator

was shorted causing a shift in the resonant fre-

quency of the resonator. Thus, by moving the

short to various positions and measuring the fre-

quency shift from the isolated DR position (short

removed), equations (2) through (6) are used to
calculate the coupling coefficient versus resons-

tor separation.
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A sample measurement is illustrated in Figure 5

along with the calculated coupling based on Cohn’s

[1] technique. A three pole 15 MHz bandwidth fil–

ter designed from the sample data is shown in
Figure 6 along with measured and predicted data.

Reasonable agreement is indicated in both figures.

CONCLUSION

A method has been presented that allows ex-

perimental determination of the coupling between

dielectric resonators without disturbing the fil-

ter structure and with minimal computation. A

brief explanation of the equivalent circuits is

presented and their relationship to the physical

filter is related. Results of a coupling experi-

ment are compared to calculated data and good a-

greement is shown. The coupling coefficients are

then used to construct a sample filter with the

measured and predicted results given. This work

describes what is believed to be an original

method for easily and accurately determining the

coupling between dielectric resonators.
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Figure 1. Filter coupling coefficients.

C= 225pF R=3220hm L=2.23PH

Figure 2. Equivalent circuit of the
dielectric resonator.
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Figure 3. Two equivalent circuits of a pair of coupled resonators.
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Figure 4. Measurement configuration and the equivalent

image representation.
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Figure 5. Comparison of the calculated [1] and experimental

coupling coefficients.
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Figure 6. Calculated and measured

0.5 dB ripple Chebyshev

response of three-pole,
filter.
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