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Abstract—A novel branch-line coupler which can operate at two
frequencies is presented in this paper. The proposed planar topology,
which is different from the conventional one, is analyzed and designed.
The new coupler maintains not only compact but also dual-band
characteristics. The length of the proposed stepped-impedance lines
can be adjusted flexible according to the required operation frequency.
In order to verify the method, a dual-band micro-strip coupler
operating at 0.9 and 2.1 GHz is fabricated and measured. The
simulated and measured results show good agreements.

1. INTRODUCTION

To meet the increasing development of wireless communication, many
modern communication systems have been developed and widely used
in people’s daily life, such as GSM (800/900/1800 MHz), WCDMA
(2.1 GHz), WLAN (2.45/5.25 GHz) and Wimax (3.5 GHz). Meanwhile,
when people design a passive device, other new additional requirements
was put forward to adapt the complicated communication system, such
as compact size, broad-band, and multiple-band operation mode [1]
etc. In the RF chain, branch-line couplers [2], that always provide
equal amplitude and quadrature phase outputs within the designed
operating frequency band, have attracted more and more interests,
especially for those ones which can operate at dual band frequency
and occupy smaller circuit size simultaneously.

Many different methods for designing dual-band couplers have
been explored and reported. Arbitrary dual-band microstrip
components using composite right/left-handed (CRLH) transmission
lines (TLs) were presented in [3]. A dual-band response achieved
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by adding cross coupling branches to the conventional branch hybrid
couplers was depicted in [4]. In [5], folded open stubs were attached
to each stepped-impedance section at both its ends for the dual-
band purpose. Moreover, rectangular patch hybrid coupler that can
operate at two arbitrary frequency bands was reported in [6]. Stepped-
impedance stubs to branches were also used to design the branch-line
coupler with dual-band response [7,8|. Meanwhile, a new branch-line
coupler structure with port extensions was proposed for the dual-band
operation in [9]. Another method using coupled transmission lines was
demonstrated in [10,11]. Furthermore, half wavelength sections had
been considered in [12]. Besides, there are also some other approaches
to meet the additional requirements such as compact size and dual-
band [13-15].

In this paper, a compact planar dual-band branch-line coupler,
which operates at 900 MHz GSM band and 2.1 GHz WCDMA band,
is designed and implemented. According to transmission theory,
the specific dimensions of the equivalent structure [16] are discussed
in the first part. Then the actually equivalent transmission line
structure known as the stepped impedance structure was discussed
and determined. Finally, a compact dual-band branch-line coupler is
optimally designed, fabricated and measured. The measured results
agreed well with the simulation.

2. DESIGN OF COMPACT DUAL-BAND BRANCH-LINE
COUPLER

The geometric graph of the proposed branch-line coupler is shown in
Fig. 1. Asseen from Fig. 1, the coupler is composed of two parts. There
are four quarter-wavelength lines which compose the basic structure of
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Figure 1. Geometric structure of the proposed dual-band coupler.
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Figure 2. The coupler with open-circuit stubs.

the original coupler. The length is evaluated at the mid-frequency of
the two operating bands. The other parts are four identical stepped-
impedance transmission lines locating in the corners of the coupler
separately. In the coming sections, the coupler will be designed and
analyzed by three steps.

2.1. Design of the Original Branch-line Coupler

According to transmission line theory, the equivalent structure of
quarter-wavelength branch line is discussed in [16]. A novel structure
of branch-line coupler with open-circuit stubs and short-circuit stubs
was proposed. The branch-line coupler which utilized open-circuit stub
strategy to form two arbitrary operation frequency bands is shown in
Fig. 2.

The original branch-line coupler that operates at 900 MHz and
2.1 GHz was designed according to the formulas [16].

_fo— fi
5_f2+f1 M
_ % 1
2= V2 cos(%’r) @)
1
ZQ:ZO-@ (3)
Zy 1

o — .
3 142 sin (%’T) tan (%’r)

In this paper, the substrate with relative dielectric constant of 2.65
and height of 1 mm is used. In that case, the geometric parameters
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Table 1. The geometric parameters of the branch-line coupler.

Mid-frequency 1.5 GHz
Impedance (2) | Length (mm) | Width (mm)
Zy 50 33.6 2.8
A 43.7 33.4 3.4
Zo 61.8 34 2
Z3 48.5 33.6 2.9

of the branch-line coupler which can be calculated and revised by
using (5) to (10) [17], are listed in Table 1.

w 8exp(A)
F <2, —=— "
or Wih<2 3 = oA — 2
with 05
Ze [er+177 er—1 0.11
A== 2
60{ 2 } +5r+1{0 St sr} (5)
And for
2 r—1 .61
W/h=2, W:{(B—l)—ln(QB—1)+€ [ln(B—1)+O.39—06 }}
h =« e &
with
6072
B = 6
NG (6)
41 e —1 10\
re — 1 —_— 7
© 2 T3 ( * u) 9

where u = W/h, and

1 (ut+ () 1 u 3
=141 52 In |1 (—) 8
T <u4+0.432 187 n{ 181 ®)

er — 0.9 0%
b= 0.564
0.56 < r+3) (9)
300
A= . 1
97 F(GHz) e (10)

Taking the discontinuity into account, the length of the open-stubs
is optimized as L3=34.6 mm. Meanwhile, the gaps between arcs and
main lines (marked as L; and Lg) are optimized as g;=1.13 mm and
g2=1.06 mm.
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Figure 3. Coupler with one stub folded inward to the enclosed area.
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Figure 4. The definition of the following parameters.

2.2. Design of the Stepped Impedance Structure

As shown in Fig. 2, although the original branch-line structure
possesses the dual-band characteristic, the four stubs take up a lot
of space. Therefore, it may be a good idea that all the four stubs
are folded inward to the enclosed area of the branch line. However,
on one hand, keeping them straight will cause partial overlap which is
obviously shown in Fig. 3 (L* = 37mm). In addition, put them folded
will cause extra coupling which will degrade the performance. Hence,
the novel stepped impedance structure shown in Fig. 5 is applied in
the coupler.
According to the following input impedance formulas:
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The parameters are defined in Fig. 4. For a quarter-wavelength

transmission line, Zopen = Z1 = 0 should be satisfied.
That is

Zl tan 91 = ZQ cot 02. (14)

If Z5, 65 and 6; are firstly selected, then Z; can be determined.
In this paper, Zo = 15.09€2, 65 = 5.66°, §; = 40° have been chosen by
taking into account the realizable impedance and the actually available
internal enclosed area.

Figure 5. The comparison of the two structures.

Figure 6. Photograph of the fabricated coupler.
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2.3. Design of Dual-band Coupler

In order to make more effective use of the inner space, while not
overlapped, the final geometric configuration of the stepped impedance
structure is shown in Fig. 5.

Based on the analysis above, the dual-band characteristic is mainly
determined by the equivalent structure of the traditional transmission
line [16]. In order to get closer to the performance of the original
structure, the low and high impedance structure is optimized through
simulation. At last, the parameters are determined as L1=33.4mm
Lo=37.7Tmm, L3=16.9mm, L4=24.7mm, W;=3.5mm, Ws =2mm,
Ws=2.1mm, Wy=2mm.
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Figure 7. Measurement results of the fabricated dual-band coupler,
(a) the return loss (S11), (b) (c) the insertion loss (S21) (S31), (d) the
isolation (Si1).
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3. FABRICATION AND MEASUREMENTS

With the geometric dimensions listed above, a microstrip branch-
line coupler is designed and fabricated on the substrate with relative
dielectric of 2.65 and height of 1 mm. The total size of the coupler is
37.3mmx43.2mm. The final pattern of the tested coupler is optimized
by using the full-wave EM simulator IE3D. The fabricated coupler is
measured by Aglient network analyzer 8719ES over the frequency range
from 0.5 to 2.9 GHz. The manufactured couplers with their front view
are shown in Fig. 6. The left one is the miniaturized coupler, while the
right one is the coupler discussed in [16].

Figure 7 gives the measured responses of the coupler. The
center frequencies of the two operating bands were found to be 910
and 2130 MHz. Seen from this figure, the measured results well
agree with the simulated ones. Return loss and port isolation are
better than —16 dB at the center frequencies of both operating bands.
Furthermore, signal attenuation of over 20 dB was also observed around
mid-frequency. In comparison to the ideal values, the measured
insertion losses at the two output ports were 3.34dB 3.20dB at
910 MHz and 3.66dB 3.33dB at 2130 MHz. These discrepancies are
mainly caused by the junction discontinuities and the dielectric loss as
predicted in the simulation.

Figure 8 gives the phase response of the proposed coupler. Both
the equal amplitude and quadrature phase conditions are closely
matched (within 0.5dB and 5°) over a wide bandwidth of almost
90 MHz.
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Figure 8. The phase response of the proposed coupler.
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4. CONCLUSIONS

A novel compact dual-band coupler realized by locating four stepped
impedance stubs inside its inner area is presented in this paper. The
low and high impedance transmission line structure is adopted to
minimize the branch-line coupler circuit size. A dual-band coupler
operating at GSM and WCDMA band is designed and fabricated. The
obtained frequency responses demonstrate that the coupler owns good
dual-band property. Measurement results show that the new coupler
works well at both of the assigned center frequencies.
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