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Abstract—A compact tri-band power divider based on triple-mode
resonator is proposed in this paper. This tri-mode resonator comprises
a conventional half-wavelength resonator, a short stub and an open
stub. The interdigital coupled-lines are introduced at the input and the
output to improve the performance of this power divider. The proposed
tri-band power divider working at 1.57 GHz, 2.45 GHz, 3.50 GHz is
simulated and fabricated, and good agreement between the simulated
results and the measured results are observed.

1. INTRODUCTION

Power dividers are important components of many microwave circuits
and subsystems. They are widely used in antenna arrays, power
amplifiers, mixers, phase shifters, especially the Wilkinson power
divider [1-7]. With the development of wireless-communication
systems, such as GSM (800/900 MHz), GPS L1 (1.57 GHz), WCDMA
(2.1GHz), ISM (2.45GHz), WiMax (3.5GHz), multiband power
dividers are increasingly used in many microwave communication
circuits. Many efforts have been carried out to produce various
kinds of dual-band power dividers [8-13]. In 2003, Cesar Monzon
showed dual-band performance with two-section transmission lines
for the first time in [10]. In [11], the structure of this dual-band
power divider consists of two branches of impedance transformer, each
of which consists of two sections of transmission line with different
characteristic impedance, and a parallel connection of a resistor, an
inductor, and a capacitor. The proposed power divider can operate
at two arbitrary frequencies. A dual-frequency power divider is
designed with a dumbbell defected ground structure (DGS) in [12].
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The dumbbell DGS can reduce the size of this dual-frequency power
divider and realize good performance. In [13], a compact dual-band
power divider is presented. An allpass coupled lines section is used
to realize the necessary impedance transformation at two selected
frequencies. The aforementioned power dividers are only for dual-
band applications. However, multiband power dividers are required
in order to improve the utilization of frequency. Only a few tri-band
applications are discussed so far [14-17]. In [15], a tri-band Wilkinson
power divider is presented. The quarter-wavelength transformer in
a conventional Wilkinson power divider is substituted a pair of two-
section transmission line and a coupled line in between, but this tri-
band power divider is too large. In [16], a tri-band Wilkinson power
divider is presented by using resonators. This paper used an open-
circuit stub connected with a resonator for the middle frequency and
cascade another one with the same idea for the lower frequency. The
tri-band power divider achieved good performance of the other two
frequencies, but stop-band performances are not good. A triple-band
power divider is designed based on the unique amplitude and dispersion
characteristics of the recent composite right-/left-handed transmission
line in [17]. The measured results revealed great performances close to
the simulated results of this triple-band power divider. However, three
resonant frequencies cannot be adjusted freely.

A compact tri-band power divider is designed in this paper. This
power divider is based on a tri-band resonator and the interdigital
coupled-lines structure. The tri-band resonator comprises a half-
wavelength resonator, a short stub and an open stub. This power
divider can work at GPS L1 (1.57 GHz), ISM (2.45 GHz) and WiMax
(3.5GHz). The first resonant frequency and the third frequency
can be controlled freely. Respectively, the measured results of the
power divider are good agreement with the simulation results at three
frequencies.

2. THEORY AND ANALYSIS OF THE TRI-BAND
POWER DIVIDER

The structure of the proposed tri-band power divider is shown in
Figure 1. The size of this power divider is reduced by folding the
transmission lines. The input signal from port 1 is equal divided
into two output signals. The bandwidth of each signal is broadened
effectively by the Interdigital coupled-lines with a rectangle defected
ground structure (DGS) which is shown in Figure 2. A triple-
mode resonator is used to realize the tri-band performance, which is
introduced in [18]. Figure 3 shows the structure of this triple-mode
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Figure 1. The structure of the proposed tri-band power divider.
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Figure 2. The rectangle defected Figure 3. The triple-mode
ground structure (DGS). resonator.

resonator which comprises a half-wavelength resonator, a short stub
and an open stub.

The triple-mode resonator is symmetrical to the center line of the
open stub and the short stub. So the odd and even-mode method can
be used to analyze it. In Figure 3, L3 denotes the half length of the
half-wavelength resonator, and L4, Ls denote the lengths of the open
stub and the short stub.

For odd-mode excitation, the equivalent circuit is shown in
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Figure 4. The equivalent circuit of the odd-mode and the even-mode.
(a) Odd-mode equivalent circuit. (b) Even-mode equivalent circuit.

Figure 4(a). Z; is the characteristic impedance of the half-wavelength
resonator. Because of the resonance condition of Yj, ,qq = 0, the first
odd-mode resonant frequency can be obtained from (1) and (2).

Zin,odd = ]Zl tal’lﬁLg (1)

c

fodd1 = iLye (2)
where ¢ is the speed of the light in free space, and e, denotes the
effective dielectric constant of the substrate.

For even-mode excitation, the equivalent circuit is shown in
Figure 4(b). Z3 is the characteristic impedance of the open stub and
the short stub. The even-mode equivalent circuit can be divided into
two parts to analyze.

The short stub part is shown in Figure 5(a). Let Z; = Z, the
first even-mode resonant frequency can be obtained from (3) and (4).

Zimevenl = ]Zl tanﬂ (L3 + L5) (3)

C
fevenl = 4(L3+L5)\/5: (4)

The open stub part is shown in Figure 5 (b). Let Z; = Zs, the
second even-mode resonant frequency can be obtained from (5) and (6).

Z’Ln,even? = —Jj% COtﬁ (L3 + L4) (5)

C
fevenZ = 2(L3+L4)\/€76 (6)
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Figure 5. Two parts of even-mode equivalent circuit. (a) The short
stub part. (b) The open stub part.

From (2), (4) and (6), feven1 < foddl < feven2 can be obtained
when Ls; > 0, and Ly < Ls. So the first resonant frequency can
be controlled by L3 andLs. The second resonant frequency can
be controlled by tuning Ls. The third resonant frequency can be
controlled by tuning L3 and Ly4.

3. IMPLEMENTATION AND RESULTS

The proposed tri-band power divider is designed and fabricated on
a common substrate with a thickness of 1 mm and relative dielectric
constant of 2.65. For the three resonant frequencies which is 1.57 GHz,
2.45GHz and 3.50 GHz, the parameters of the triple-mode resonator
can be deduced from (2) (4) and (6). W3 = 1.20mm, Lz = 19.25 mm,
Wy = 0.80mm, Ly = 12.80mm, Ls = 5.80mm, » = 0.35mm. In
order to get good isolation, two isolation resistors are added on the
power divider. Ry = 1009, Ry = 120€2. Finally, the tri-band power
divider is designed and simulated in Ansoft HFSS, and the parameters
of this power divider are obtained. Wy = 2.70mm, Lo = 8.90 mm,
Wi = 1.50mm, L; = 5.15mm, Wy = 0.55mm, Lo 7.40 mm,
L, = 280mm, gg = 0.20mm, go = 0.20mm, Wy 3.30 mm,
Lg = 7.70 mm.

Figure 6 shows the simulated frequency responses of the tri-
band power divider under different values of Ly when L3 and L4 are
fixed. The return loss of the first resonant frequency varies with
different values of Ls. When the value of Ls increases, the first
resonant frequency decreases. The return loss of the second and the
third resonant frequency is unchanged. Figure 7 shows the simulated
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Figure 6. The simulated return Figure 7. The simulated return
loss under different values of Ls loss under different values of L4
(L3 =19.25mm, Ly = 12.80mm). (L3 =19.25mm, L5 = 5.80 mm).

frequency responses of the tri-band power divider under different values
of Ly when L3 and Ls are fixed. The return loss of the third resonant
frequency varies with different values of Ly. When the value of Ly
increases, the third resonant frequency decreases. The return loss of
the first and the second resonant frequency is unchanged. In addition,
the second resonant frequency of the tri-band power divider varies with
different values of L3 from (2). When the value of L3 increases, the
second resonant frequency decreases.

The photograph of the proposed tri-band power divider is shown
in Figure 8. The over all dimension of the fabricated tri-band power
divider circuit is 48.00 mm x 36.75 mm. Compared with the majority
of tri-band power dividers, the size of the presented power divider is
reduced distinctly.

(b)

Figure 8. Photograph of the proposed power divider. (a) Top view
(b) Bottom view.
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The power divider was measured by Agilent N5230A network
analyzer. Figure 9 shows the S-parameter simulation and measurement
results for the proposed tri-band power divider. The measured return
loss and insertion loss in Figure 9 revealed great performances close
to the simulated results of this triple-band power divider. As shown
in Figure 9, good matching for outputs at designed frequencies is
obtained. The return loss of the power divider at 2.45 GHz and 3.5 GHz
are below —20dB, and the return loss at 1.75 GHz is close to —20dB.
This achievement is good and shows that almost half the input power
at port 1 is received at output ports 2 and 3. The measured 3-
dB frequency ranges (fractional bandwidths) for the three passbands
centered at 1.57, 2.45, and 3.5 GHz are 1.56-1.66 GHz (6.2%), 2.37—
2.62 GHz (10%) and 3.49-3.64 GHz (4.2%).

The isolation of the tri-band power divider and the transmission
coeflicient from port 1 to port 3 are shown in Figure 10. The measured
results of the power divider are in good agreement with the simulation
results at every frequency. The measured transmission coefficient from
port 1 to port 3 at three passbands are about —3dB, so it is in
good agreement with transmission coefficient from port 1 to port 2.
The measured and simulated isolation at three passbands are below
—20dB. The measure isolation are —38.5dB, —24.0dB, —29.5dB at
1.57 GHz, 2.45 GHz, 3.5 GHz. Respectively, based on the above results,
the proposed design method of tri-band power divider is demonstrated.
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Figure 9. The simulation and
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Figure 10. The simulation and
measurement results of Sz and
S31.
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4. CONCLUSION

In this paper we have proposed a tri-band power divider with a triple-
mode resonator which comprises a half-wavelength resonator, a short
stub and an open stub. The size of this power divider is reduced
by folding the transmission lines. This power divider can work at
GPS L1 (1.57GHz), ISM (2.45 GHz) and WiMax (3.5 GHz). The first
resonant frequency and the third frequency can be controlled freely.
The measured results verified the tri-band operation and showed good
agreement with simulation results. The proposed power divider can be
useful for many tri-band applications, which are more demanding in
near future.
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