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Abstract—In this paper, a novel design of a dual-band bandpass filter
(BPF) with a broad bandwidth and low insertion loss is presented.
The proposed BPF consists of short-stub composite right /left handed
transmission lines and dual-band admittance inverters. Both theory
and experiment have been presented in order to validate the proposed
structure. The proposed dual-band BPF has the 3-dB fractional
bandwidths (FBWSs) of 50.24% and 20.20% at center frequencies of
2.40 GHz and 5.20 GHz, respectively, useful for wireless local area
networks applications. From the measured performance, the dual-
band BPF has the low insertion losses of 0.28 dB and 0.46 dB for each
passband and high isolation of 39.9dB in between two passbands.

1. INTRODUCTION

In the rapid evolution of various wireless services, multi-band BPFs
capable of adapting to multiple wireless communication platforms have
seen their use increase considerably. Extensive studies on the design of
multi-band BPFs can be found in literatures. The multi-band BPFs
can be intuitively implemented by simply connecting several BPFs
having different passbands in parallel [1-4]. However, these kinds of
filters not only increase the overall BPF size, but also require additional
combining matching networks at the input and output ports of the
BPF.
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Applying two step frequency transformations to low pass
prototype can achieve narrow dual passband capability BPF [5].
Recently, the multi-mode resonators such as stepped impedance
resonators (SIRs), stub-loaded SIRs, meander-loop resonator and
complement split-ring resonator (CSRR) defected ground structure
have been widely used to design the dual-band BPFs utilizing higher
resonant modes of resonators [6-14]. The resonant modes for SIR can
be controlled by characteristic impedances of the high and low sections
of resonators. However, these approaches have some difficulties in the
adjustment of coupling coeflicients between neighboring resonators to
meet the dual-band specifications. Moreover, the above referenced
filters have narrowband characteristics. Some efforts have been made
to design broad-bandwidth dual-band BPF using SIR and slotted
ground structures [15-18]. However, they require some complex and
time consuming mathematical calculations to find the desired element
values of filter.

The composite right/left handed (CRLH) meta-material transmis-
sion line (TL) is composite of the left handed (LH) and right handed
(RH) TLs, which are widely used to design the dual-band microwave
circuits such as couplers, power dividers, power amplifiers, etc. [19-22].
The dual-band characteristics of the CRLH TLs have also been used
in the design of narrowband BPFs [23-25]. When designing broad-
bandwidth BPFs, the structure must be different from narrowband
BPFs. For broadband characteristics, the resonators having strong
coupling or multi-modes are required [26, 27]. Therefore, the dual-band
BPF having broad bandwidth and low insertion loss characteristics is
a challenging work to filter designers.

In this paper, the design of dual-band BPF with broad-bandwidth
characteristics is proposed. It utilizes the dual-band characteristics
of short stub CRLH TLs. The couplings between resonators have
been implemented with dual-band admittance inverters which consists
of open stubs and transmission line connected in m-structure. The
simple design equations are provided to find the element values of filter
with given specification of filter. This paper is organized as follows.
First, we provide the mathematical analysis of CRLH TLs and dual-
band admittance inverters to design the dual-band BPF. Second, the
simulation and experiment results are provided followed by conclusion.

2. DESIGN METHOD

Figure 1 shows a topology of the proposed broad-bandwidth dual-band
BPF, which consists of short stub CRLHs and dual-band admittance
inverters. The short stub CRLH shown in the figure usually exhibits
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Figure 1. Proposed dual- Figure 2. The simulated phase

band bandpass filter using dual- response of CRLH dual-band \/4
band resonators and admittance and RH A/4 transmission line.
inverter.

interesting phase response characteristics as in Fig. 2. Due to the
positive phase response of LH TL, the CRLH TL exhibits higher phase
slope than the conventional RH TL for the same electrical length at
the same fundamental frequency (f1). In order words, the electrical
length of odd multiple of —90° (\/4 and 3\/4) is obtainable at the odd
harmonic frequencies in case of the RH TL. However, the frequency
with 3A\/4 wavelength, which is the second passband frequency, can
be controlled by adjusting a number of LH unit cells (V) and element
values of LH TL (Cp, L) together with the electrical length (fgy) of
RH TL as shown in Fig. 2.

The design equations needed to find the element values of CRLH
TL presented in [28] are given as:

B NZgru [1 - (wl/wz)Q]
br = w1 [p1 — ¢2 (w1/w)] W
N [1 — (wl/w2)2]
L= W1 ZRH [¢1 — ¢2 (w1/w2)] )
oM = _Nwi/L.Cp, i=1,2 (3)
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where N, Zi i, and Zrg are the number of LT TL units, characteristic
impedances of LH, and RH TL, respectively. gbZRH and gb{-“H are the
phase of RH and LH TL at w;.

Figure 3 shows the equivalent transmission line modeling of the
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Figure 3. The equivalent transmission model of short stub CRLH.

short stub CRLH. Assuming Zry = Zpuy = Z, the input admittance
of short stub is given as:

Y, = —jZ tan (20Rru + Orm) (6)

where Ogrg and 6Opp are electrical lengths of RH and LH TL,
respectively. The susceptance slope parameter [29] of the short stub
CRLH at a resonance frequency can be found using (6), which is given
as:
w; dB 1
b = 222 = (20 0 2 (20 6 7
2o, 57 (20rm + OLi) cosec” (20rn +On)  (7)
The proposed dual-band admittance inverter (J-inverter) shown in
Fig. 1 consists of open stubs and transmission line with characteristics
impedance Z; and Zj, respectively. The corresponding electrical
lengths are 67 and 65, which are all defined at frequency fi. The
total ABCD parameter of the proposed dual-band admittance inverter
is obtained as (8).
A Bl
C D

T

cos Oy — % tan 01 sin 6y 729 sin

(®)

I 7356, cos 05 7 tan 01 sin 05

The ABCD parameter of ideal admittance inverter (J-inverter) is

expressed as
1
A B 0 | —
P ©
J jJ 0
The dual-band admittance inverter as shown in Fig. 1 is the dual-
band quarter-wavelength TL that exhibits the same admittance value
and same 90° phase shift at two operating frequencies. For dual-band
admittance inverter, the same value of J and phase shift of 90° should
be given and evaluated at two designated frequencies (f; and fa).
The simultaneous equations for solving the parameters of dual-band
inverter are written by equating ABCD parameters of (8) and (9) to
satisfy two frequency bands.

cos B9 — ? tan @ sinfy =0 (10)
1
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Z
cos (ab) — 72 tan (af;) sin (af) = 0 (11)
1
. 1
ZQ S11 92 = j (12)
1
Zysin (abs) = 7 (13)

where a is the frequency ratio (f2/f1) between two frequency bands.

It is found that the solutions of §; and 65 are [30].
T mf

a+1  fo+ fi

The characteristic impedance of transmission line and open stubs
are obtained by solving (10) and (12), respectively.

01 =0, =

(14)

1
Zy = 15
2 J sin 69 (15)
tan 61
Z1 = 16
! J cos 05 (16)

For simplicity, the resonators at each stage are selected same.
Assuming the 3-dB FBWs as A; and Ay at two operating frequencies
f1 and f5, the admittance inverters between resonators are determined
as:

(Jiir1); = (Jiiv1)y, 1=1,2,- (17)

1)2 b2
Jijit1 = (18)
gzgz—i-l 9i9i+1

where b, and by are the susceptance slope parameters of resonators at
two operating frequencies, which are calculated from (7).

3. SIMULATION AND MEASUREMENT

In order to validate of the proposed structure, simulation and
experiment were performed by constructing the second order
Chebyshev-type dual-band BPF on a substrate RT /Duroid-5880 made
by Rogers Corporation with a dielectric constant (e,) of 2.2 and
thickness (h) of 31 mils. The center frequencies of the dual-band BPF
are specified at 2.4 GHz and 5.2 GHz with the 3-dB FBWs of A =
57% and Ay = 21%, respectively. The prototype element values of
Chebyshve low pass filter with the passband ripple of 0.01 dB and n = 2
are gg = 1, g1 = 0.4488, go = 0.4077 and g3 = 1.1007, respectively.
With given specification, the calculated values of slope parameters
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of CRLH resonators are by = 0.0157mhos and b, = 0.0471 mhos.
The element values of the short stub CRLH are given in Table 1.
The inductance values of the CRLH TL are implemented with short
circuited high impedance TL stubs. The designed parameters of
admittance inverter are 81 = 0y = 56.84°, Z1 = 134.4Q, Z5 = 57.7Q
at 2.4 GHz respectively.

Figure 4 shows the simulated and measured results of the proposed
broad-bandwidth dual-band BPF. Referring to this figure, it is seen
that the measurement result shows a good agreement with the
simulated one. The measured insertion losses are 0.28 dB and 0.46 dB
with 3-dB FBWs of 50.24% and 20.20% at two passbands, respectively.
The measured return loss is less than 18.4dB and 21.4dB in the first
and second passbands, respectively. The attenuation is larger than
20dB from 3.51 to 4.31 GHz between two passbands. The comparison
between the simulated and measured performances of the proposed
BPF is summarized in Table 2. Table 3 summarizes the comparison of
the proposed filter with other reported dual-band BPFs. Fig. 5 shows
the photograph of fabricated broad-bandwidth dual-band BPF.

Table 1. Component values of short stub CRLH.

N =2 Calculation EM Simulation Measurement
CL (PF) 3.4553 3.40 3.40
6.80 6.80
2Ct (PF 6.9106
& (PF) short stub short stub
Ly (NH) 8.6383  53.90°, 133QQf; 53.90°, 133QQf
20ruQ@f1 (deg) | 133.98°Q 1 112.64°Qf; 112.64°Qf;

Magnitude [dB ]

§oees Simulation

Il Il Il Il Measure\d Il Il ‘\ Il
L5 20 25 30 35 40 45 50 55 60 65
Frequency[GHz]

Figure 4. Simulated and measured result.
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Figure 5. The photograph of the fabricated broad-bandwidth dual-
band bandpass filter.

Table 2. Simulation and measured performance.

Center Freq Simulation Measurement
[GHz] S11[dB] S21 [dB] 3-dBFBM [%] | S11 [dB] S21 [dB] 3-dBFBM [%)]
2.4 —21.30 —0.06 50.20 —18.40 —-0.28 50.24
5.2 —22.10 -0.14 24.80 —21.46 —0.46 20.20

Table 3. Performance comparison with other proposed broadband
dual-band filters.

References [15] [16] [17] (18] [25] This work
Substrate
height  [0.762/3.38 0.508/2.2 0.787/2.2 1.57/6.15 1.27/10.2 0.787/2.2
(mm) /=,
1st/2nd
Passbands | 2.40/5.20 3.43/5.95 2.40/5.20 2.40/5.20 1.0/1.90 2.40/5.20
(GHz)
Return Loss
(B) 20/20  12/12  20/15  12/12 16.7/21.8 18.14/21.46
Insert(lc‘;;)Loss 0.8/0.9  0.7/1  0.89/0.9 0.75/1 0.939/0.935 0.28/0.46
3'd?%§BW 48/18  31/13  45/10  35/18 20.8/17.3 50.24,/20.20

4. CONCLUSION

In this paper, a novel design of dual-band bandpass filter with a
broad bandwidth is demonstrated using the dual-band characteristics
of composite right/left handed meta-material. The coupling between
the resonators required for the dual-band bandpass filter has



A broad-bandwidth dual-band bandpass filter design 2145

been implemented by dual-band admittance inverters. Simple
design equations are presented to design broad-bandwidth dual-band
bandpass filter. Experiment has been provided to verify the theoretical
and simulation predictions. The proposed dual-band filter offers low
insertion losses in both of the passbands and expected to be suitable
for WLANSs applications.
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