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Abstract—This paper presents the design of a compact and
high-Q microwave filter integrated by using a low-loss high-
permittivity ceramic material. Further miniaturization is achieved
by insertion of a capacitive post placed in the middle of each
resonator. An unloaded quality factor of 385 is obtained for a
miniaturized filter having typical dimensions of X0/7.5 x h/7.5 x
/30 at 2.5 GHz, ) being the free space operating wavelength.

Keywords—ceramics, microwave filter, filter synthesis.

I. INTRODUCTION

The development of wireless communication devices leads
to an increasing demand for miniaturization and integration of
microwave circuits and subsystems. Since filters and duplexers
often occupy a significant part of the device, the challenge
consists in proposing new technological solutions bringing
simultaneously a high unloaded quality factor for high
performance (low insertion loss, low noise ...) and a reduced
mass and footprint at competitive cost.

The classical approach uses planar technologies with, for
instance, folded resonators [1]-[5] but, even with low-loss
materials, such technologies are limited in terms of quality
factor. Bulk acoustic-wave (BAW) filters [6], [7] allow
bringing very small size and fairly good quality factors but the
technology remains very expensive. On the other hand, empty
or loaded cavity filters are attractive for high quality factors but
their size and weight generally disqualify them.

Substrate integrated waveguides (SIW), fabricated using
multilayer or 3D technologies [8]-[10], represent an alternative
solution, allowing an interesting compromise between
miniaturisation and performance. In this case, the compromise
is essentially driven by the material characteristics, in particular
its relative permittivity and loss tangent.

In this paper, the miniaturization of a 3D ceramic filter is
proposed showing simultaneously small dimensions and low
insertion loss. Two filter structures realizing an 8-MHz
passband at 2.5 GHz with a two pole filtering function are
designed and fabricated for comparison. The objective in terms
of maximum footprint is 16 mm x 16 mm and the insertion loss
has to be as low as possible. The first filter is made of stacked
parallelepipedic resonators while the second one is integrated
in a single layer using capacitive posts for reducing the footprint
of individual resonators.

II. FILTER MADE OF STACKED CERAMIC RESONATORS

A. Parallelepipedic Resonator

The dielectric resonator, described in Fig.1, is made of
zirconia, a high-K (er = 33.3) high-Q (tand = 9.2 10) ceramic
material. The structure is metallized with a silver layer on its
external faces. The resonator is dimensioned for working on its
fundamental TE 1o mode at 2.5 GHz. In this configuration, the
lateral dimensions are found to be 14.4 mm while the height,
which affects only the unloaded quality factor, is chosen to be
4 mm.
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Fig. 1. Parallelepidic dielectric resonator made of zirconia. (a) CAD model, (b)
prototype.

Coplanar ports are etched on top of the resonator, allowing
exciting the structure. The structure has been fabricated and
measured. The simulated (CST MWS® electromagnetic
simulator) and measured scattering parameters, compared in
Fig.2, allow extracting the unloaded quality factor, which is
found to be 520.
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Fig. 2. Simulated and measured scattering parameters of the parallelepipedic
dielectric resonator.

B. Stacked Resonator Filter

In order to fulfill the specification in terms of maximum
footprint, the resonators have to be stacked. In order to couple
stacked resonators, a rectangular aperture is etched in the
metallic layers of each resonator as shown in Fig.3.

Intermediate metal layers
with coupling apertures

(b

Fig. 3. Two-pole stacked dielectric resonator filter made of zirconia. (a) CAD
model, (b) prototype.

The size of the rectangular aperture and the dimensions of
the coplanar excitation pattern are optimized for realizing an 8-
MHz passband at 2.5 GHz, with a 20-dB return loss. The overall
dimensions are 14.4 mm x 14.4 mm x 8 mm (1659 mm?), i.e.
ho/8.3 x Xo/8.3 x Mo/15 at 2.5 GHz, A being the free space
wavelength.
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Fig. 4. Simulated and measured scattering parameters of the two-pole stacked
dielectric resonator filter.

The filter has been fabricated and tested, and simulated and
measured scattering parameters are compared in Fig.4, showing
a good agreement. The insertion loss is found to be 2.8 dB in
the simulation and 3.1 dB in the measurement. This slight
discrepancy can be explained by a 2 degree misalignment
between resonators during assembly process.

In order to reduce the height of the filter device, the
structure is modified in order to implement the filter within a
single layer.

III. FILTER MADE OF CERAMIC RESONATORS ON THE SAME
LAYER

A. Miniaturized Resonator

The resonator is miniaturized by inserting a post in the
middle of the resonator as shown in Fig.5. The length of the
resonator is set to 16 mm and the width is set to 7.5 mm leaving
1 mm between two resonators for integration of a coupling
element. The depth of the post is then optimized in order to tune
the frequency at 2.5 GHz.

(b)

Fig. 5. Miniaturized dielectric resonator made of zirconia. (a) CAD model, (b)
prototype.
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Fig. 6. Simulated and measured scattering parameters of the miniaturized
dielectric resonator.

A prototype of the miniaturized filter has been fabricated
and measured. The scattering parameters are compared in Fig.6.
The resonant frequency is 60 MHz higher in the measurement
but the unloaded quality factor extracted from the measurement,
which is about 390, is in good agreement with the simulation.

B. Miniaturized Resonator Filter

The two-pole filter is designed as a monolithic structure
made with two resonators as presented previously and
connected with a lateral coupling aperture as described in Fig.7.
The overall dimensions are 16 mm x 16 mm x 4 mm (1024
mm?), i.e. /7.5 x Mo/7.5 x Mo/30 at 2.5 GHz.

(b

Fig. 7. Two-pole miniature monolithic dielectric resonator filter made of
zirconia. (a) CAD model, (b) prototype.

The dimensions of the input/output coplanar patterns and of
the coupling aperture are optimized in order to obtain an 8-MHz
passband at 2.5 GHz with a 20-dB return loss. A prototype has
been fabricated and measured. The simulated and measured
scattering parameters are compared in Fig.8.
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Fig. 8. Simulated and measured scattering parameters of the two-pole

monolithic single-layer dielectric resonator filter.

The measured filter shows a 5-MHz passband at 2.55 GHz
leading to a 5.2 dB insertion loss while the simulation predicts
an insertion loss at 3.4 dB (for 8-MHz bandwidth).

The discrepancy is due to slightly different dimensions in
the fabricated prototype as described in Fig.9a. The most
sensitive parameters are the post dimensions. Using these
measured dimensions in the CAD model, a good agreement is
found with the measurement as shown in Fig.9b.
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Fig. 9. (a) Dimensions measured on the fabricated prototype and simulation
made with the CAD model taking into account measure dimensions.



Table 1 — Simulated and measured characteristics of the stacked and monolithic
two-pole filters

Stacked filter Simulation | Measurement
Dimensions (mm, mm, mm) 144x144x8

Center frequency (GHz) 2.5 2.49
Bandwidth (MHz) 8 8

Insertion losses (dB) 2.8 3.1
Monolithic filter

Dimensions (mm, mm, mm) 16x 16 x4

Center frequency (GHz) 2.5 2.55
Bandwidth (MHz) 8 5

Insertion losses (dB) 34 52

IV.CONCLUSION

A high-Q miniature dielectric filter has been proposed. The
structure are made of high permittivity and high Q ceramic
material. Two configurations have been proposed for
implementing a 16 mm x 16 mm two-pole filter exhibiting an
8-MHz passband at 2.5 GHz. The first structure is made of two
stacked parallelepipedic resonators, while the second is made
of two resonators miniaturized thanks to capacitive posts for
integrating the circuit in a single layer.

The structures have been designed using a CAD model,
fabricated and measured. The main characteristics are
summarized in Table I. The two configurations are found
suitable for implementing compact high Q filters. The second
configuration allows integrating the filter as a monolithic circuit
but the structure seems to have some limitations related to the
miniaturization of the resonator: sensitivity to the dimensions
of the post, substantially higher insertion losses.
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