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Abstract: In this study, the authors present the design and development of a novel ultra-wideband coupled-line balun on a
multilayer liquid crystal polymer substrate. The balun is designed using a quarter wavelength (l/4) asymmetric broadside
coupled line. The defected ground structure and a lumped phase compensation circuit are developed to achieve wide
bandwidth performance for the balun. The balun has a measured bandwidth ratio of 23:1, from 80 to 1860 MHz. Within
the operating bandwidth, the experimental results demonstrate that the balun achieves an input return loss of better
than 10 dB, an insertion loss of better than 1 dB, an amplitude imbalance of better than ±0.4 dB and a phase imbalance
of better than ±10°. The size of the balun is 40.64 mm× 40.64 mm or 0.22lg × 0.22lg, where lg is the guided wavelength
at the centre frequency of 970 MHz.

1 Introduction

In radio frequency (RF) and microwave circuits, a balun is a
component which converts a single-ended signal to differential
signals and vice versa. Thus, broadband baluns are extremely
useful in many designs of balanced components. For examples, it
is used in the design of a wideband quasi-Yagi antenna [1].
Broadband baluns can also be utilised as power combiners to
design wide bandwidth push–pull amplifiers [2–4], balanced
mixers [5–7] and filters [8]. A Marchand balun [9] is one of the
most common topologies for achieving wide bandwidth. Many
wideband Marchand baluns have been reported in [10–18]. These
baluns are based on two sections of l/4 coupled transmission
lines. Therefore, their size will be large at low frequencies. When
the frequency moves away from the quarter wavelength, the
bandwidth of the baluns depends mostly on the characteristic
impedance of the two coupled line sections [19]. It is difficult to
maintain high even-mode impedance over the bandwidth ratio of
10 to 1. Therefore, planar Marchand baluns typically have a
bandwidth ratio of less than 10 to 1 [10–18]. The balun in [20]
has a wide bandwidth from 1 MHz to 3 GHz, but it is designed
using three ferrite cores that result in a large and bulky
component. Co-planar waveguide (CPW) baluns [21, 22] typically
have a bandwidth ratio larger than 10 to 1. The grounds of CPW
balun ports are not continuous and are not at the same potential as
the common ground. It is difficult to insert CPW baluns into
subsystem applications.

This paper presents the design of an ultra-wide bandwidth balun
using only one l/4-coupled line section and provides detailed
analysis of the balun [23]. The coupled transmission line is
configured in a broadside topology on a multilayer organic
substrate to achieve large coupling. We have developed defected
ground structures (DGS) and employed them in the balun to
obtain high impedance on thin substrates. The coupled line is
loaded with an LC circuit to achieve good phase and amplitude
imbalance. The experimental results show that the balun achieves
good performance over the bandwidth ratio of 23:1. Section 2 of
this paper presents the analysis of the proposed design. In this

section, the phase and amplitude imbalances are described, and the
impedance transformation bandwidth of the balun is derived and
discussed. Moreover, the criterion on how to design DGS and its
effects on the balun are also analysed in this section. The balun
prototype and its measurement results are described in Section
3. Finally, the conclusion is presented in Section 4.

2 Analysis of the proposed design

2.1 Balanced bandwidth of the balun

Fig. 1a shows the schematic diagram of the proposed balun. This
balun is designed using a quarter-wavelength coupled line and a
high pass lumped-component compensation network that helps to
reduce the phase imbalance of the coupled line in the low
frequency region. The broadside asymmetric coupled line consists
of top conductor 1 separated by a 50 µm LCP layer from bottom
conductor 2 and a ground plane below the two conductors. Fig. 1b
explains the flow of c- and π-mode currents on this coupled line
section. In Fig. 1b, ic1 and ic2 are the c-mode currents on
conductors 1 and 2, whereas iπ1 and iπ2 are the π-mode currents.
In order to form a balun, one termination of conductor 2 is shorted
to ground [24] and the currents flowing in conductors 1 and 2
should be equal in amplitude and 180° out of phase. Therefore, iπ1
should be equal and in an opposite direction to iπ2 while ic1 and
ic2 need to be minimised. The above conditions can be realised by
designing this coupled line with very high equivalent c-mode
characteristic impedance Zc and appropriate equivalent π-mode
impedance Zπ [25], where Zc and Zπ are, respectively, the average
c-mode and π-mode characteristic impedances of conductors 1 and
2 shown in Fig. 1. In this case, the ground return currents for iπ1
and iπ2 are also anti-parallel and perfectly cancel to each other on
the bottom ground plane. Hence, conductor 2 becomes a perfect
ground for conductor 1, since the current on conductor 1 is totally
returned by conductor 2. From [26–28], the equivalent c-mode
characteristic impedance Zc is large when the characteristic
impedance Zab of conductor 2 with reference to the bottom ground
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