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Abstract—In this paper, we propose a microstrip filter balun
adopting double-sided parallel-strip line (DSPSL) with a conductor
plane inserted in the middle of the substrate. Fed by the DSPSL
at input port, two microstrip filters on top and bottom layers are
excited simultaneously, with the frequency-independent out-of-phase
feature obtained between two output ports. The proposed filter
balun exhibits excellent performance with good frequency selectivity
because of multiple transmission zeros generated by a new coupling
scheme. Finally, a filter balun sample is designed and fabricated, and
good agreement is obtained between its measured and simulated S-
parameters.

1. INTRODUCTION

In modern wireless and communication systems, a balun is a crucial
component highly demanded, which can be used to convert a balanced
signal to an unbalanced one, or vice versa [1]. Balun and bandpass
filter are cascaded directly for the aim of converting signals between an
unbalanced and a balanced structure, and exhibits bandpass response
simultaneously. It leads to high insertion loss and large area. For
solving the problem, it turns out to be a good idea to integrate two
separate circuit topologies into one device [2-6]. Because of multilayer
configurations, the LTCC-based balun filters have compact sizes, but
the structure and design procedure is very complicated [2]. On the
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other hand, a symmetrical four-port balanced to unbalanced filter
can be converted to a three port balun filter with one of the ports
being opened [3]. Dual-mode ring resonators are introduced into balun
filter designs for size reduction, however, their frequency selectivity is
relative worse [5, 6].

The double-sided parallel-strip line (DSPSL), as a good
transmission structure, is a suitable candidate for the balun design
due to its inherent frequency-independent out-of-phase feature. In
addition, it possesses advantage of easy realization of lines with various
characteristic impedances compared to the conventional balanced
transmission structure [7].  Many different types of microwave
components have been designed by researchers using DSPSL [8-
10]. DSPSL has been introduced to filter balun design for size
reduction [11], and two transmission zeros exist around the passband.

In this paper, we present a bandpass filter balun based on DSPSL.
Two separate bandpass filters on upper and lower layers are excited at
the same time by the DSPSL. In geometry, they are symmetrical and
the structure is compact because of double-layer configurations. A new
third-order coupling scheme is proposed to achieve stringent frequency
selectivity by generating multiple transmission zeros. Measured results
exhibiting excellent filtering and balun performance are in good
agreement with the simulated one.

2. FILTER BALUN DESIGN

2.1. Analysis of the New Coupling Scheme

In order to improve the frequency selectivity of the filter, cross coupling
and source-load coupling are effective methods to generate finite
attenuation poles next to the passband [12-15]. Some novel coupling
schemes are presented for generating transmission zeros [16]. Figure 1
shows a third-order coupling scheme developed from the topology of
Figure 1(f) in [16]. Resonators 1, 2, 3 represent three single-mode
resonators.

It is well known that only single transmission zero can be
obtained in conventional third-order cross coupled microstrip filter [14].
However, based on the coupling scheme proposed in Figure 1, we can
realize a third-order quasi-elliptic filter. Here, the bandwidth and
center frequency of the filter are set to be 210 MHz and 2.95 GHz,
respectively. For filter physical realization, coupling coefficients M
at its center frequency is given by: Mg = 1.02, Mg, = 0.15,
Mgr, =0.012, M3 =1.1, Mog = —1.1, Moy, = 1.21.

The simulated frequency-dependent S-parameters of the filter
corresponding to the coupling coefficients with different values of Mgz,
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Figure 1. Layout of the Figure 2. Simulated S-
proposed coupling scheme. parameters of coupling coefficients

with and without source-load
coupling, respectively.

are plotted in Figure 2. When source-load coupling is not introduced,
we can obtain quasi-elliptic function transmission response, with the
two transmission zeros located at

athb
Q= 1
sy (1)
where a = —Mgo(Mss + M11), b = [M2,(M3 + M} + 4M32, —

2M11 Ms3) — 4 Mgy Mga Moz My3]/2.

When the source-load coupling is introduced into the third-order
coupling scheme, the locations of two previous transmission zeros do
not change. An additional transmission zero will be generated either
at the higher stopband or the lower stopband depending on the sign
of the source-loading coupling Mgr,.

2.2. Characteristic Impedance of DSPSL

Figure 3(a) shows a three-dimensional view of the DSPSL with an
inserted conductor plane which in fact behaves as a virtual ground and
converts DSPSL into two separate back-to-back microstrip lines. The
sketches of DSPSL and microstrip line are presented in Figures 3(b)
and (c), respectively. According to the analysis in [11], we can get the
characteristic impedances relationship between DSPSL and microstrip
line of the same width as follows:

71 = 275 (2)

From the above Equation (2), we can easily calculate the characteristic
impedance of the DSPSL in Figure 3(b) based on the microstrip line
in Figure 3(c).
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Figure 3. (a) DSPSL with an inserted conductor plane, and the
schematic diagram of (b) DSPSL and (c) microstrip line.

2.3. Implementation of the Balun Filter with DSPSL

Figure 4 shows the configuration of the proposed filter balun. DSPSL
is fed at the input port, two identical third-order bandpass filters
with new coupling scheme on top layer and bottom layer are excited
simultaneously. They are symmetrical in structure which results
in the input energy separated in equal amounts. Meanwhile, the
phase difference is theoretically perfect 180° because of the DSPSL-fed
structure at port 1. As a result, an integrated bandpass filter balun
is successfully constructed, which has several advantages such as size
reduction, easy fabrication, good performance and so on, as compared
with that using the conventional design methods by cascading two
individual components-balun and filter.

The detailed structure of the third-order filter on top layer
is presented in Figure 5, where resonators 1, 2, 3 represent the
counterpart in Figure 1. The simulated Ss;-parameters as a function
of frequency for different values of L, are plotted in Figure 6(a). The

DSPSL at Port 1

Figure 4. 3-D view of the proposed filter balun.
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Figure 5. Detailed structure of the third-order filter on top layer.
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Figure 6. Simulated Syj-parameter as a function of frequency for
different values of (a) Lg, (b) di and da, and (c) dg4, respectively.

simulated Ssi-parameters are omitted for the reason that they nearly
coincide with Ss1-parameters. The bandwidth of the filter increases
with increasing L4 for stronger coupling.

The locations of the two transmission zeros next to the passband
are dominated by the value of Mgy and Mgs. The resonators 1 and 2



196 Li and Li

are both excited by the DSPSL based on Figure 1. The different
coupling strengths between the DSPSL and two resonators can be
determined by the parameters d; and dp. Figure 6(b) shows the
simulated transmission response for different values of d; and ds. The
two transmission zeros move towards the passband with d; decreasing
and ds increasing. The parameter d4 can be used to determine the
external @-factor. When the value of d4 decreases, the outer two
transmission zeros will move towards the passband as demonstrated in
Figure 6(c). The whole structure is finely optimized so as to meet our
specifications, which is performed using the High Frequency Structure
Simulator of HFSS.

3. RESULTS AND DISCUSSION

To validate our design, a filter balun sample was fabricated on a
multilayer PCB technology with relative permittivity, loss tangent and
thickness of each layer of 2.65, 0.0035 and 1mm, respectively. The
electrical conductivity and thickness of metal layer are 6.1 x 107 S/m
and 0.0175 mm, respectively. The photograph of the proposed balun
filter is demonstrated in Figure 7, and its size is 41.0 x 30.0 mm?.
The geometrical parameters of filter are listed as follows (unit: mm):
Wy =11, Wo =08, Wy =1, Wy = 0.5, Wy, = 4.5, Wy = 2.65,
Ly, =7, Loy =8, L1 =15, Ly = 16, Ls = 9, Ly = 11, Ls = 8,
L6 = 20.3, Ld = 6.4, d1 = 2, d2 = 0.8, d3 = 0.8, and d4 = 0.5.

As shown in Figure 8(a), the measured center frequency and
bandwidth of the balun filter are around 2.95 GHz and 250 MHz,
respectively. Besides, the measured insertion loss including SMA
connectors is about (3 + 1.4)dB, and return loss in the passband is
better than 10 dB. We acquired multiple transmission zeros located at
2, 2.8, 3.2 and 3.7 GHz. Compared with the simulated S-parameters
of its coupling scheme, the extra finite transmission zero located in the
lower stopband is for the frequency-variant external coupling brought
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Figure 7. The photograph of the proposed balun filter.
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by the exciting ways in Figure 4. Furthermore, Figure 8(b) shows that
the measured in-band phase difference is within 180° + 5°, and the
amplitude difference is within +0.5dB.

In the measurement, the central probe of the SMA connector
is soldered on the top strip of DSPSL while the outer conductor is
soldered on the bottom strip of DSPSL. The outer conductor of SMA
on port 1 is isolated from the ground of SMA connectors of the other
two ports. This will result in slight performance deterioration. For
further application, a global ground for all ports can be introduced to
solve the problem. The frequency shift is mainly due to the fabrications
tolerances and the alignment of two substrate boards.

Table 1 compares measured bandwidths, minimum insertion losses
and transmission zeros for published and our prototype balun filters.
We can see that the proposed balun filter has lower insertion loss in
the passband and better frequency selectivity due to more transmission
Zeros.
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Figure 8. (a) Simulated and measured S-parameters of the proposed
filter balun, and (b) its measured amplitude and phase imbalances.

Table 1. Comparison with the balun filters presented in references.

FBW and Cent Number of TZ bel
Techniques and Center | (dB) umber o elow
frequency (GHz) and above passband
Multilayer LTCC [1] 8% and 20.5 3.0 1and 0
Four-port SIR [3] 10% and 0.9 2.28 1and 1
Dual mode ri 1 and 1 (S
Hat mode Tng 18.7% and 2.57 2.5 and 1 (521)
resonator [4] 0 and 0 (Ss1)
DSPSL [11] 7% and 0.985 15 1and 1

This work 8.5% and 2.95 1.4 2 and 2
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4. CONCLUSION

In this paper, we propose a novel balun filter using DSPSL with a
new coupling scheme. This component can not only behave as a
balanced-to-unbalanced converter, but also as a bandpass filter. The
DSPSL ensures the out-of-phase feature between two output ports.
Adopting the proposed coupling topology, multiple transmission zeros
can be obtained to improve frequency selectivity. The filter balun was
fabricated based on standard printed circuit board (PCB) technique,
with good agreement obtained between its measured and simulated
S-parameters.
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