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Abstract—We present a novel design concept for low-loss dual-
band cavity filters based on dual-capacitively-loaded (DCL) cavity
resonators. The relatively independent control over the cente
frequencies, inter-resonator and external coupling coefficierst
makes the DCL resonator an ideal building block for dual-
band filters with widely separated passbands. The high unloaded
quality factor (Q.) of the DCL cavity resonator ensures a low
insertion loss. An example 2-pole dual-band filter at2.4 GHz
and 5.0 GHz is demonstrated with an insertion loss 0f1.47 dB
at 2.4 GHz, 1.01 dB at 5.0 GHz and a bandwidth of 24.8 MHz
(~ 1%) at 2.4 GHz, and 51.2 MHz (~ 1%) at 5.0 GHz.

Index Terms—dual-band filter, waveguide filter, quality factor,
cavity resonator

I. INTRODUCTION

Recently, dual-band and multi-band RF/microwave filter$yal-capacitively-

have attracted significant research attention due to th&iggo

need for multi-standard multi-frequency wireless comrmuni

cation systems [1]-[7]. Conventionally, dual-band filters w
designed by parallel integration of two band-pass filteiagis y
duplexing elements [1] or cascading a band-stop filter with a ‘
band-pass filter to create multiple pass bands [2]. Dirent sy () N X

thesis of dual-band filters is also possible by proper fraque
transformations [3], [4]. More recently, dual-band filt&signs
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based on dual-resonance resonators have become populafigas. (a) lllustration of a 2-pole dual-band filter using D&sonators. (b)
they allow for easy placement of the two passbands. The¥g-view of the DCL resonator showing critical design diniens.

filters are predominantly based on various forms of steppétdividually adjusted. The highQ, (> 1000) makes DCL
impedance resonators (SIR) realized in microstrip form-[5yesonators ideal building blocks for low-loss dual-bantifd.
[7]. Although compact in size, such dual-band filters suffer

from relatively low unloaded quality factor), < 200).

II. DUAL-CAPACITIVELY-LOADED (DCL) RESONATOR

In this paper, we present a novel dual-band filter designWhen a cavity resonator is loaded by two conductive posts
methodology based on dual-capacitively-loaded (DCL) tyaviof different sizes (Fig. 1), it is observed that the first two

resonators. Fig. 1 shows an illustration of a 2-pole filtemeo

resonant frequencieg, and f; can be adjusted individually

posed of two DCL resonators. Each DCL resonator considtg the size and position of the two posts. Fig. 2 shows the
of a cavity and two conductive posts, both connected to teémulatedf; and f, of a DCL cavity resonator with different
resonator on one end. The first two resonant frequenciesof @apacitive post sizes. The cavity sizeli$ x 2.5 x 1 in3.

DCL cavity resonator can be arbitrarily controlled, makihg

Simulation is conducted with Ansoft HFSS [8] (eigenmode).

possible to design dual-band filters with arbitrary pasdban As shown in Fig. 2, a unique characteristic of the DCL res-
locations. The bandwidth of the two passbands can also ®@ators is that the tuning of one of the two lowest frequeicie
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has a minimal effect on the other, provided that the resaeisato
dimensions are properly selected. For example, in Fig., 2(a)
the height of post 1 is swept from2 mm to 18 mm with
radiusr; of 1-4 mm. f, is observed to change frot2 GHz

to 3.8 GHz (1.72 : 1) whereasf; changed fromb.0 GHz to

4.9 GHz (1.02 : 1). A similar trend can be observed in tlhig,

of the DCL resonators (Fig. 2(c,d)). For example, when the
height of post 1 is swept frort2 mm to 18 mm, the@,, of the
first resonance drops frofmir50 to 4510, whereas the&),, of

the second resonance remains relatively unchange®f).



@ ' (b)' To illustrate this, Fig. 3 shows the simulatéd; and kcsy
T of the two bands when the postg-positions are adjusted.
2 In Fig. 3(a), ke; changes from0.0054 to 0.003 when y,
g changes fron8 mm to15 mm, whereagc, remains relatively
g unchanged <€ 5%). Similar behavior is observed whep is
po adjusted for post 2 (Fig. 3).
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Fig. 3. Simulated inter-resonator coupling coefficientshwi¢spect toy-
400 L Lot 0 10 1 1 L positiony; andys of the posts.
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hy [mm] hy [mm] The external coupling is achieved by magnetic coupling
1 = B © between the input (output) coupling rod and the capacitive
: PR posts (Fig. 1(a)). In general, the coupling strength isatiye
W= ﬁ o related to the distancel{ andds) between the coupling rod
> ~ m > //f and the capacitive post and is a relatively weak functiorhef t
W \\( > angular positiond¢; andas) of the coupling rod with respect
N 4 to the capacitive post. In order to achieve individual cointf
\ the external coupling, one can follow an intuitive procedur
. . _ First, the external coupling of one band can be determined by
Fig. 2. (a,b) Simulatedf; and f> of the DCL cavity resonator when the . . .
size of two posts are varied. (c,d) Simulat@g of the DCL cavity resonator CN00SING @ proper distance between the coupling rod and the
when the size and height of two posts are varied. (e,f) Siradlatectric field capacitive post. The coupling rod can then be moved along
distribution inside the cavity at the first and the secondmest frequencies. gp equi-distance circle around the first post until the negli
external coupling to the second post is achieved. In pmactic
I1l. 2-POLE DUAL-BAND FILTER DESIGN a few iterations may be needed to optimize the design.
To illustrate this, Fig. 4 shows the simulated external iqual
As shown in the previous section, the relatively indepebdef ctor @Q.) for the two bands when the post moves along the
tuning characteristic of, and f, of a DCL cavity resonator respective equit circles around the two post§. is calculated
allows the design of dual-band filters with arbitrary passba using the approach given in [10]. Relative independentrobnt

locations. By choosing the appropriate cavity dimensioRger the external coupling strength is observed.
and the two capacitive loading posts, the two bands can be

individually chosen with a given insertion loss requiremen 5
For a dual-band filter design, it is desirable to be able to (@) —a,
control the bandwidth of the two passbands individually be- — %
cause the two wireless standards may have different batidwid 1so | .
requirements. This implies individual control of the interom
resonator coupling and external coupling of the two pasdhan
The inter-resonator coupling between the two DCL cavity 120 1
resonators is achieved by magnetic coupling through an open

window on the resonator sidewall. The coupling coefficient N
(k.) is dependent on a few parameters, such as the window %5 60 75 %
width and the positions of the capacitive posts. A wider %[ %,[]

window opening generally gives higher coupling coefficient _ ,

for both bands. Coupling is also stronger when the two poé:t'g' 4. Simulatede with respect taa; and .

are closer to the coupling window. Fig. 5 shows the simulated S-parameters of a proof-of-
To achieve individual control of the inter-resonator cangl concept dual-band filter &4 GHz and5.0 GHz. The overall

coefficients of the two passbands, theosition ¢; andy,) of dimension of the filter i2 x 5 x 1.7 in3. This dimension

one pair of posts can be adjusted to tune its respective ioguplis chosen for a compromise between easy of fabrication and

without significantly affecting the coupling of the otheripa small volume. With capacitive posts, the filter dimension is



smaller than those of the traditional half-wavelength neg¢or is observed a6.9 GHz. The spurious passband can be moved
based filters. The two post sizes atemm and2 mm in to higher frequencies by using smaller cavities and higher
diameter and0 mm and18.5 mm in height respectively. The capacitive loading, i.e. larger and/or higher posts.

location of the input (output) coupling rod is determined by

d; = 21.2 mm, dy = 22.8 mm, oy = 19.3° and ay = 28.8°. O
To demonstrate the flexibility of the proposed design apghrpa
an additional design (Design 2) f@&r8 GHz and4.5 GHz is
also included. 25
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V. CONCLUSION

We have presented a novel and flexible design approach for
dual-band cavity filters. By changing the sizes and position
V. MEASUREMENTS ANDDISCUSSION of the two capac;itive loading posts _in the DCL resonators, th
. ) ] o ] center frequencies, as well as the inter-resonator andnekte
Fig. 6 shows the fabricated filter which is machined froraoypling coefficients can be individually adjusted for eiitint
copper. The four capacitive posts are machined from bragsguency and bandwidth requirements for the two passhands
(conductivity of 1.5 x 107 S/m). Additional threaded rods ap example 2-pole dual-band filter at4 GHz and5.0 GHz

are used for minor coupling adjustments to compensate {Qffahricated to validate the proposed design approach.
fabrication tolerances.

Fig. 5. Simulated S-parameters of the designed dual-bandsfilte
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