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Abstract— A miniaturized full-metal dual-band bandpass
filter using a dual-mode circular spiral resonator (CSR) in
a single metal cavity is proposed. Two spirals are combined
together to form a dual-mode resonator, and the transmission
zero (TZ) produced by the source-load coupling can separate
the two modes and achieve the desired dual-band property.
Then, a second-order dual-band filter is designed based on
the dual-mode resonator, and each band can be individually
synthesized, designed, and tuned to achieve the desired filtering
performances. In addition, each band has TZs on both sides
of the passband to achieve high selectivity. The size of the
second-order dual-band filter is only 0.073)1y x 0.0551¢ x 0.015X,
calculated at the center frequency of the lower band. Finally,
the filter is fabricated and measured, and a good agreement is
achieved between the measurement and simulation.

Index Terms— Circular spiral resonator (CSR), dual-band,
dual-mode, full metal, miniaturized size, transmission zeroes
(TZs).

I. INTRODUCTION

ULTIBAND microwave devices are widely applied to

the modern wireless communication systems due to
the continuous development of multiple wireless standards
and applications. As an essential component, multiband filters
with high performance, such as low loss, compact size, and
large power capacity, are highly demanded in the transceiver
systems. Multiband filters have been reported in many litera-
ture works with different design methods and configurations.
The multiband filters implemented on planar structures, such
as the microstrip [1]-[4], the coplanar waveguide [5], and
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the slot line [6], have a compact size. The multiband filters
designed using cavity structures, such as the rectangular and
circular waveguides [7]-[10], the coaxial cavity [11]-[14],
and the conductive-postloaded cavity [15], can reduce the
power loss and enhance power handling. However, most of
the reported full-metal multiband filters suffer from a large
circuit size [16]. A filter designed using a helical resonator
has a much smaller circuit compared to the aforementioned
cavity filters [17]. In [18], a novel compact-size dual-band
filter using a helical resonator is presented; however, it has a
complicated fabrication due to its 3-D structure. In addition,
except for the works in [12], [13], and [15], the aforemen-
tioned multiband cavity filters cannot achieve the individual
adjustment of the external Q-factors, coupling coefficients, and
frequencies.

In this letter, a miniaturized dual-band filter using a dual-
mode circular spiral resonator (CSR) in a single metal cavity
is proposed. The proposed dual-mode resonator is composed
of two metal spirals sharing one common supporting metal
strip to enhance physical support and reduce circuit size.
The produced transmission zeroes (TZs) separate the two
modes and achieve the dual-band property. Then, the dual-
mode resonator is used to design a second-order dual-band
filter. These two bands can be individually synthesized and
realized to achieve different filtering performances. In addi-
tion, the proposed filter can achieve high selectivity by the
TZs produced by the source—load coupling without additional
structure. Finally, the proposed second-order dual-band filter
is fabricated and measured with a good performance.

II. DUAL-MODE CSR

To obtain a dual-mode resonator, two spirals with different
sizes are placed together in the rotational symmetrical
position, as shown in Fig. 1(a). The spirals’ size is expressed
as r; (inner radius), g; (gap between turns), w; (turns’ width),
h; (spirals’ thickness), and n; (number of turns), where
i = 1, 2, corresponding to Spiral I and II. The proposed
arrangement of the two CSRs has a compact size, since these
two spirals share a short-circuit strip, and can also enhance
the strength of the physical support of the CSRs on the walls,
since it has three physical supporting points (which include
the connection of the spirals and the probes). The two probes
are physically close so that source—load coupling can be
achieved, which can produce extra TZs [19]. The simulated
S-parameter of the two-section spiral resonator is shown
in Fig. 1(b). The resonant frequencies are 205 and 240 MHz,
which correspond to the total length of 439.5 and 375 mm
(both about 0.34p), respectively. The TZs are produced to
separate the two modes to achieve the dual-band property.
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Fig. 1. Proposed dual-mode spiral resonator. (a) Configuration. (b) Simulated
result with a = 113, b =84, ¢ =23, r1 = 2.5, g1 =2.75, w; =3.5, hy =3,
ny =4, rn =2 g =2, wy=3.5, hp =3, np =4. (Unit: mm, except for
ny and ny.)
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Fig. 2. Proposed dual-band filter. (a) Full view and side view. (b) Top view.
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Fig. 3. Mechanism of the TZ of the second-order single-band filter.
(a) Coupling mechanism. (b) Phase analysis of the multiple transmission paths.
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The simulated unloaded Q-factors of the two resonances
are about 1500, while the helical resonator reported
in [17] and [18] has an unloaded Q-factor of 1250.

III. FILTER DESIGN

Based on the dual-mode resonator, a second-order dual-band
filter is proposed, as shown in Fig. 2 with marked dimensions.
According to the configuration of the proposed dual-band filter
shown in Fig. 2, each band can be seen as a second-order
single-band bandpass filter and can be individually synthesized
and designed.

The coupling mechanism of the second-order single-band
filter is shown in Fig. 3(a). The inductive and capacitive
elements represent the magnetic and electric couplings, respec-
tively. S, L, R1, and R2 represent the source, load, resonator 1,
and resonator 2, respectively. The inductive coupling has a
—90° phase and the capacitive coupling has a +90° phase.
The resonator has a +90° phase at a lower stopband and a
—90° phase at an upper stopband. However, the phase analysis
of the multiple paths, i.e., S—L and S—R1-R2-L, is shown
in Fig. 3(b). It can be seen that at both the lower and upper
stopbands, the two paths are out of the phase. Thus, the sig-
nal transmitting from source to load is cancelled at certain
frequencies of the lower and upper stopbands, which then
produces the TZs. The coupling paths S—R1-L and S—R2-L
produced by couplings M ; and Mg, do not affect the number
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Fig. 4. Extraction of Qf and Kj>. (a) Individual adjustment of Filter-I.

(b) Individual adjustment of Filter-II. (c) Simultaneous adjustments of the
two filters.

of the TZs, and these two unwanted couplings cause an asym-
metric position of the TZs, as discussed in [20, Sec. IV-A].

The designed targets of the dual-band filter are: 1) Band-I
(Filter-I): fi = 195 MHz, FBW = 1.5%, RL = 20 dB,
TZ, = 160 MHz, and TZ, = 200 MHz; and 2) Band-II
(Filter-1I): f, = 265 MHz, FBW = 2%, RL = 20 dB,
TZ; = 250 MHz, and TZ, = 285 MHz. Where f; and f»
are the center frequencies of the first filter and the second
filter, respectively, FBW is the fractional bandwidth, RL is
the return loss, and TZ is the transmission zero.

According to the specification of 1) and 2), we obtained the
coupling matrixes M; and M, of these two filters [21], [22]

S 1 2 L
S 0 0.8102 0.0525 —0.00477
M = 1| 0.8102 0 0.7195  0.0525
1= 21 00525 0.7195 0 0.8102
L [ —0.0047 0.0525 0.8102 0
S 1 2 L
S 0 0.7903 0.0025 —0.01017]
My — 1] 0.7903 0 0.7 0.0025
27 2] 0.0025 0.7 0 0.7903
L | —0.0101 0.0025 0.7903 0

The coupling values in the matrixes are then transformed
into practical values; for Filter-I, the external Q-factor
Q% = 101 and the coupling coefficient K}, = 0.0108; and for
Filter-1I, Q1 = 80 and K5 = 0.014 [23]. The extracted results
of the proposed dual-band filter are shown in Fig. 4 [24].
Fig. 4(a) shows that Q% and K], are controlled by a; and d;,
respectively, and have no effect on Qg and K }12, while QIEI
and K} are controlled by a, and d, respectively, and have
no effect on Q% and K{,, as shown in Fig. 4(b). In addition,
we can simultaneously adjust the external Q-factors
and coupling coefficients of these two bands, as shown
in Fig. 4(c); the H; controls both K{z and K{Iz, while H,
controls both Q% and QY.

Then, by properly setting the suitable values specified
in Fig. 4 to meet the calculated ones, the final desired
performance is obtained, as shown in Fig. 5, with the combined
responses of the coupling matrix (1) (CM-1) and the coupling
matrix (2) (CM-2). The simulated results match very well
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Fig. 5. Simulated and calculated S-parameters.
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Fig. 7. (a) Photograph. (b) Comparison of the simulated and measured results.
The dimensions of the filter are (Unit: mm, except for n; and ny): a = 113,
b =284, ¢c =225 a =61, a =52, d =325, d, =292, H=2838,
p=51,W=1,r =25, =275 w; =35 h =2,n =4,rn =2,
=15 w; =3, hy=2,n, =4.

with the combined responses of the two coupling matrixes.
Each passband has two TZs in the out-of-band produced by
the source—load coupling to obtain high selectivity. The first
band works at 195 MHz with 1.6% FBW, 1.5-dB insertion
loss (IL), and 17.2-dB RL, while the second band works at
267 MHz with 2% FBW, 1.1-dB IL, and 19.3-dB RL. The
high IL of the filter is mainly due to the achievement of high
selectivity and ultraminiaturized circuit size. In addition, the
narrow bandwidth also contributes to the high IL.

Then, the individual frequency tuning of the two bands
is provided. All the parameters r, g, w, and n can vary
the total length to modify the resonant frequency. Here,
we choose the sensitive parameters w; and w, for the analysis.
Fig. 6(a) and (b) shows the frequency-tuning of the two bands:
w; (for band 1) and w, (for band 2), respectively. The w; only
influences the frequency of band 1, while w, only influences
the frequency of band 2.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

To prove the design validity, the proposed second-order
dual-band filter is fabricated and measured. The filter is
fabricated using silver-plated brass based on the computer
numerical control (CNC) technique with 0.01-mm machining
accuracy. The photograph of the proposed filter is shown
in Fig. 7(a). The comparison of the simulated and measured
S-parameters is shown in Fig. 7(b), and a good agreement is

TABLE I
COMPARISONS WITH THE REPORTED CAVITY DUAL-BAND FILTERS
. Individ
Freq. |Ord IL L Size TZs/Bo
Ref. FBW Circuit Type R al
(GHz)| -er (dB) WEEYPE | (oxdexdo) [th sides TJ‘ng
2.65/3 o, |0.34/ . .. 10.53%0.53%0
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4.25/ 1.5%/1.| 1.3 | Dielectric- [0.37x0.21x0
1611 455 3 | s [/1.15| loaded cavity 27 6/No | No
0.43/ 1.85%/0(2.1/3. . .. 10.055%0.032
[18] 0.91 2 77% 1 Helical cavity 0,042 0/No | No
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Fig. 8.  Sensitivity analysis. (a) Effect of w; and w,. (b) Effect of the
spacing Hj.

achieved between them. From the measured results, we can
see that the lower band works at 194 MHz with 1.7% FBW,
1.75-dB IL, and 13-dB RL, while the upper band works
at 268 MHz with 2.1% FBW, 1.1-dB IL, and 16-dB RL.
In addition, TZs on both sides of the two bands are achieved
to produce high selectivity.

The comparison with other reported cavity dual-band filters
is given in Table I, which indicates that the proposed filter
has a miniaturized size, high selectivity produced by TZs on
both sides of the passbands, and individual frequency tuning.
The electrical sizes of the dual-band filters are calculated at
the center frequencies of the lower band.

The fabrication tolerance and long-term effect of the pro-
posed dual-band filter are subsequently discussed. The most
sensitive parameters of fabrication tolerance are the width of
turns and gaps between turns. Fig. 8(a) shows the performance
tolerance with respect to the width of turns; the filtering perfor-
mance almost remains unchanged for the variation of 0.04 mm
(four times of the machining accuracy). For the consideration
of the vibration in long-term usage, the spacing between the
spirals is the main influenced dimension, i.e., H;. The effect
of H; is shown in Fig. 8(b), and it can be seen that for the
variation of 0.4 mm, a small influence is produced.

V. CONCLUSION

A dual-mode resonator using two-section spirals with a
reduced size is proposed to design the dual-band second-order
bandpass filter. The working frequencies and filtering perfor-
mances of the two bands can be individually designed. The
proposed feeding structure naturally produces the source—load
coupling to generate the two TZs on both sides of the passband
to improve the passband’s selectivity. In addition, the three
supporting points can enhance the strength of the physical
support. The measurement shows that the proposed dual-band
filter has a miniaturized size and high selectivity.
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