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Abstract—T he dielectric combline resonator combines the mer- Cavity Dielectric Cavity
its of the metallic combline and dielectric loaded resonator. Rod
By replacing the inner conductor of the conventional combline 4 4
resonator by a high e, dielectric rod, higher unloaded Q can be 4
expected. Resonant frequency, unloaded, and coupling coeffi- N

cient of the resonator are obtained by a rigorous mode-matching
method. An eight-pole elliptic-function dielectric combline res-
onator filter was designed and tested. Measured frequency re-
sponses verify the theory. b L

Index Terms—Combline resonator, dielectric resonator filter,
filter, wireless communications filter.
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I. INTRODUCTION

IGH-PERFORMANCE microwave cavity filters are

finding increasing applications in satellite and mobile 4
communication systems. Coaxial combline resonator filters
and dielectric loaded resonator filters are commonly used in the
systems because of small size and their unique characteristi€8. r
Coaxial resonators have low cost, wide tuning range, and 4
excellent spurious-free performance [1], [2], [11], while
dielectric loaded resonator filters have very low loss and"
high-temperature stability [3]-[6]. However, the drawback of

; : : : i i (€Y (b)
the combline resonator filters is their relatively high loss,
due to the low unIoadedfg of the resonator, while the Fig. 1. Configurations of the dielectric combline resonators. (a) Cylindrical
. . . . enclosure. (b) Rectangular enclosure.

dielectric loaded resonator has higher cost and poor spurious
performance.

The low unloaded? of the combline resonator is mostlymagnetic field is continuous at the boundary of the dielectrics,
due to the additional conducting loss dissipated on the inn&w electric current is induced on the dielectric rod, thus, higher
conductor compared with the dielectric loaded resonator dueloaded() can be expected.
to the quasi-TEM characteristics of the resonator. The elec-In this paper, a novel type of coaxial resonator, i.e., the
tromagnetic fields varies according tgr relation along the dielectric combline resonator, is introduced by replacing the
radial direction. As a result, large current is induced on thener conductor of the conventional combline resonator by a
surface of the inner conductor, and it limits the unloadgd high ¢, dielectric rod. The new type of resonator has higher
of the coaxial resonator. The metallized quarter-wavelengthloaded? and the merits of the metallic combline resonator
dielectric resonators give much lower unloadgdecause of and dielectric loaded resonator. A rigorous mode-matching
the strong field and the high conductive loss even with veryethod is used to compute the resonant frequency, unloaded
low-loss dielectric material [7], [8]. Q, and coupling coefficient of the resonators. The dielectric

However, the perfect conducting boundary condition (PE@pmbline resonator can be used to fully or partially replace the
can be replaced by dielectric material with infinite dielectrimetallic combline resonators in the filters. Properties of this
constant(e, — oo) [12]. Although infinite dielectric-constant new type of resonator are extensively investigated. An eight-
material cannot be obtained, dielectrics with high relativeole elliptic-function dielectric-combline-resonator filter was
dielectric constant can achieve similar condition. Since thikesigned, and verified the theory.
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other cross section in shape depending on the manufacturing TABLE |
UNLOADED } OF A CONVENTIONAL COMBLINE RESONATOR
process. , =b ! .
A ri d tching method i d for modelin (r =10.21in, L = 1.1 in) AND A DIELECTRIC COMBLINE
rlgc_)rous _mo e'mf'" ching method 1S use_ 0_ odeling ResoNATOR (7 = 0.28 in, L = 1.20 in), DUE TO THE
of the dielectric combline resonators, shown in Fig. 1(a) and INNER ROD AND ENCLOSURE WITH f, = 1.87 GHz,
(b). The difference between the two kinds of resonators is R=0751inb=1261n o = 1567
. . . . . 10° U/in AND tan 6 = 4.0 x 107>
that the resonator of Fig. 1(a) has a cylindrical sidewall, while _ ' _
the enclosure of the resonator in Fig. 1(b) is rectangular. By Region Combline | DR combline
: e T Rod Q 9733.2 30064.6
placing an artificial cylindrical boundary [10], [11] at= a Enclosure § | 13146.0 135786
of the rectangular enclosure resonator, the structure is divided Total Q FEO9.5 100762

into the cylindrical and waveguide regions. In both structures,

the cylindrical regions are the same, which can be further

divided into two subregions: two-layer region# < r) and Solving the equation gives the resonant frequency and field

one-layer region Il(r < p < R or a). expansion coefficients of each region. The unloa@edf the
The fields in each cylindrical region can be expanded avity can then be computed analytically by integrating the

TE, and TM, modes of parallel planes bounded in the superposition of the eigenmode fields. The coupling coefficient

direction in a cylindrical coordinate system, ¢, v) [6], while between two cylindrical cavities is obtained by using the

the fields in the rectangular regions are expanded into timeproved large-aperture coupling theory considering the iris

summations of thél'E. and TM_ modes in the rectangularwidth factor [13]-[15].

waveguide in the Cartesian coordinate systeamy, z). The For rectangular enclosure structufé/l'] and [MK] are

normal fields in each region satisfy the wave equations in thléagonal block matrices. Each block matrix corresponds to the

charge-free region in their own coordinate system as inner products of the eigenmodes witkp &ariation. The fields
outside the boundary are linear combinations of the waveguide
VE? + KE; =0 (1) eigenmodes, including both incident and reflected waves. The
VQH,’jQ + k2H! =0 (2) Wwaveguide eigenmodes are expanded by Bessel-Fourier series

so that they can be expressed in the cylindrical coordinate
system and all the integrals involved in the mode-matching

k=wy/ie (3)
whereE? represents the normal-field component of TM mod&rocedu_re can be evaluat_e_d analytically: -
Applying boundary conditions at the artificial boundary, tak-

and H* represents the normal-field component of TM mode, h . d d af . .
respectively. Solving the wave equations, the normal fields clly the proper inner products, and after some matrix operation,

be obtained, and the other field components can be deri\}aeaqatrix equation relating the field coefficients of the incident
from the nor’mal electric or magnetic field and reflected waves in the waveguide regiahsandws, to the

The tangential electromagnetic fields in the wavegui efficients of cylindrical region Il can be obtained, following

regions at the artificial boundagy= « can be expressed as 11], as
. .. cU [[ME] [ME]] [Av [ME] [ME]] [B*
Egi(p, ¢ y) = — b X (ﬁ x E(z, y, Z)|a:2+z2:a2) @) [D"] 7 MY (ML) (A [ME] [MLF]] [ B

Hi(p, ¢, y) = — px (ﬁ x Hil(z, y, #) ®)
i = 1w, OF wy where A and B are the field coefficients of the incident and
reflected waves in the waveguide regians and wo.
g=corh ®) From (6) and (8), the desired generalized scattering matrix
e%fnthe conductor loaded resonator in a rectangular wave-
guide can be obtained. Once tlfematrices of the structure

Forcing the tangential’- and H-fields to be continuous are known, the cascading procedure $imatrices may be

at the interface between the cylindrical regions and takifg"Ployed to obtain the eigen equations for the resonant

the proper inner products, one can obtain the field coeﬁ‘icief pquencies ofa sm_gle cawt_y _and of two identical slot-coupled
equation of the cylindrical region as cavities. The coupling coefficient can then be computed from

the two resonant frequenci¢s and f,,, with PEC and perfect

z2422=q? )

in order to be able to match the electromagnetic fields betw
the cylindrical and rectangular regions.

(M [eY + MEbY =0 (6) magnetic conductor (PMC) placed at the = 0 plane,
respectively, as
where[C!] and[ D] are field coefficient vectors related to the Moo
inner going and the outgoing cylindrical waves in region II. k= 7= ﬁ 9

For a cylindrical enclosure structurfy/'] and [M]] are
block matrices corresponding to the inner products of the
eigenmodes of the specifi@dvariation. By applying a bound-

ary condition atR, a characteristic equation can be obtained Table | shows the typical computed unload@dof a con-
as ventional combline resonator and a dielectric combline res-

onator with the same enclosure dimensions and resonant
det [X]nyxny = 0. (7) frequency. It is seen that both the inner and outer conductor

I1l. NUMERICAL RESULTS
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radius of the dielectric rod.

Fig. 3. Resonant frequency of a dielectric combline resonator versus the

(b)

Fig. 2. Field distributions of a dielectric combline resonator.-(a&)y plane.
(b) r — ¢ plane.

Fig. 4. Unloaded? of a dielectric combline resonator versus the radius of
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of a conventional combline resonator contribute approximatahg dielectric rod.

the same loss to the resonator, which results in the relatively
low unloaded@ of the combline resonator. The loss due to
the dielectric rod of the dielectric combline resonator is very
small, thus the dielectric combline resonator has nearly twice
the unloaded? as that of the conventional combline resonator.

Fig. 2 shows the typical field distributions of a dielectric
combline resonator with cylindrical enclosure in the 4 and
the » — ¢ planes. It is seen that, as expected, both electric
and magnetic fields in the air-filled region are quite similar
to that of the metallic resonator. Within the dielectric rod,
electric field £, and magnetic field{,, exist. The continuous
magnetic field at the boundary eliminates the current on the
dielectric rod.

The computed resonant frequency and the unloaged a
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dielectric combline resonator versus the radius of the di8|eCtFi_@. 5. Mode chart of a dielectric combline resonator with radius of the
rod and with different length of the rod are presented igielectric rod as variable.
Figs. 3 and 4, respectively. Both resonant frequency and the

unloaded decrease as the radius and length of the dielectfi§e dielectric rod as variable. The fundamental mode is quite
rod increases. Unlike metallic combline resonators, there is 8énsitive to the length of the rod, and the resonant frequency
optimum value of the inner and outer radius ratio, which givesf the HE;; mode is relatively independent on the length. It is
the maximum unloaded). The resonators have much higheevident that resonators with longer rod have better spurious-
unloaded? than that of the conventional combline resonatorfree performance. The mode chart with the height of the cavity
The mode charts have been computed to analyze the res-a variable is presented in Fig. 7. THE,;, HE», andTEq;

onator. Fig. 5 presents the dependence of the resonant maglesles are not very sensitive to the cavity height. The resonator
on the radius of the dielectric rod. It is seen that all thikas good mode separation when the ratio of the height of the
resonant modes are sensitive to the rod diameter. Dielectivity to its diameter is approximately one or greater.

rod with smaller radius has better mode separation. Fig. 6All the resonators of the conventional combline filters can
shows the mode chart of the resonator with the length bé fully or partially replaced by the new type of resonator. The
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similarity of both types of resonators in shape, size, and field
distributions provide the principal advantages of the dielectric
combline resonators. The loss of a metallic combline filter will
be nearly cut by half if dielectric resonators are used, while []:[ u n u

the overall filter size is kept the same. The dielectric combline
resonator will have better spurious-free performance than
conventional dielectric resonators. The use of some dielectric
Pomb“n_e reS(_)natorS _and Some m_etalllc Cmellne reso”atﬁéfg? 9. Configuration of the eight-pole elliptic-function dielec-
in the filter will combine the superior spurious performancgic-combline-resonator filter.

of the conventional combline resonators and the low-loss

high- advantages of the dielectric resonators. Fig. 8 shows . . . . -

the typical simulated insertion loss of an eight-pole eIIiptic-_I The hconﬁggr_aﬂon of l_the filter is ;howg tl)n Fig. 9. Indth(;
function filter using different combination of the resonatordite': the positive couplings are achieved by irises, and the

The results show the promising applications of the dielectftedative couplings are obtained by probes. The dimensions
combline resonator. of the resonators and irises are determined by a computer

program using the modeling method described above. Tuning
screws are used for fine tuning the resonant frequencies of the
IV. FILTER REALIZATION resonators. Fig. 10 presents the measured frequency responses

As application of the dielectric combline resonator, afif the designed filter. Fig. 11 shows the enlarged in-band
eight-pole self-equalized elliptic-function filter with centefnsertion loss of the filter. It is seen that the filter achieves
frequency of 2.595 GHz and bandwidth of 43.0 MHz using-75-dB insertion loss and more than 20-dB return loss. The
0.78'x 0.75' x 1.40' size cavities was designed. The normakealized( of the resonator is estimated to be 4200, which is
ized input/output resistance and the coupling matrix elemeragout 35% higher than the realizélof 3100 of the metallic
of the filter areR;, = Rout = 1.2224, m12 = mrs = 0.9234, combline resonator of the same cross section [16].

Moz = Mgy = 0.6193, may = mszg = 0.5442, mys; = 0.6957, Fig. 12 gives the wide-band frequency response of the filter.
mig = 0.0292, mo7r = —0.0518, andmszg = —0.1207. It is seen the closest spurious response is about 1.6 GHz

CAVITY #8 CAVITY #7 CAVITY #6 CAVITY #5
o\ J o\ J o\ J o\ J o
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higher than center frequency. The new type of filter has

CHL Sp, tog MARG S dBs REF @ dB 2:-1.7@082 dB . . . .
CHz 82 log MAG S dB/ REF @ dB 2 .17z8 dB much better spurious performance than conventional dielectric
h 43. %00 ode MHz . . . .

PRm “REFééJ loaded resonator ones. By combining the dielectric combline
5ot HT [o % resonators with the conventional metallic combline resonators

@ MARKER 2- 2 . X . .
ST in the filter, better spurious performance can be achieved.
A
: I A
/ \K V. CONCLUSIONS
. 7 L A new type of dielectric resonator, i.e., dielectric combline
cor it ' \Va N\ t i resonator, is introduced by replacing the inner conductor rod
\ /\ / \/ — of the conventional combline resonator by a higtdielectric
A~/ |/ rod. Properties of the new type of resonator are investigated.
The resonant frequency, field distribution, unloadedand
' the coupling coefficient of the resonator are obtained by a

CENTER 2 595.000 008 MHz SPAN 180,000 080 MHz rigorous mode-matching method. An eight-pole self-equalized
elliptic-function dielectric-combline-resonator filter was de-
Fig. 10. Measured frequency responses of the eight-pole elliptic-functigigned. Measured frequency responses verify the theory. The
dielectric-combline-resonator filter. resonator shows the promising applications in the communi-
cation systems.

CHZ Sp; log MAG .25 dB/ REF @ dB 1:-.6686 dB
2] 585. 124 ode MHz
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