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Lumped-Element Balun for UHF UWB
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Abstract—A semi-lumped balun transformer for UHF and ultrawideband (UWB) dipole antennas is presented in this paper. The proposed
structure is based on two asymmetric ﬁlters that also transform the
variable antenna impedance into the desired source impedance. These
asymmetric ﬁlters make use of a binomial impedance transformer in each
ﬁlter section. The asymmetric ﬁlters (one low pass ﬁlter, LPF, and other
high pass ﬁlter, HPF) allow the balun bandwidth to be increased while the
binomial transformer matches the variable balanced dipole impedance. In
this way the ripple in the balun response due to the variation of the UWB
dipole impedance is reduced. A balun for a UHF and UWB dipole antenna
working from 220 to 820 MHz (bandwidth of 4:1) has been achieved with
losses lower than 1 dB. These types of baluns are particularly useful in the
low microwave frequency band.
Index Terms—Baluns, UHF antennas, ultrawideband (UWB) antennas.

I. INTRODUCTION
Microwave baluns provide balanced outputs from an unbalanced
input. Baluns in dipole antennas deliver half the input amplitude signal
towards both output terminals out of phase by 180 with respect to
each other. Microwave baluns can be realized in either distributed or
lumped-element technology.
In the early literature one of the most popular baluns made with distributed technology was due to Marchand [1]. Its non-planar geometry and large size made it unsuitable for printed circuit processes. One
printed version of the Marchand balun can be found in [2]. However,
this still requires several printed layers that also implies a large size,
especially in the low microwave frequency band. Baluns made with
lumped element technology overcome the size problem presenting a
more compact aspect. This last fact results in them playing an important role in the design of low frequency planar antennas.
Among lumped circuit baluns, the simplest is the so called latticebalun structure [3]. In this conﬁguration, the 3 dB cutoff frequency in
any of the ﬁlter sections is the centre of the balun bandwidth. In addition, a phase difference of 180 between the balun outputs is naturally
obtained. Finally, the balun bandwidth can be enlarged by increasing
the order of the two ﬁlters at a price of raising both the ripple bandwidth and the losses.
Recently, in [4], a second order lattice-balun based on lumped element technology has been proposed to get broadband performance.
Each ﬁlter (LPF and HPF) in the lattice structure consists of a T-ﬁlter
section. The shunted T-section equalizes the phase difference over the
common bandwidth of the two ﬁlters. This broadband lattice balun is a

symmetric structure that only deals with the ﬁxed load impedance case.
A balun that transformed variable balanced impedances would require
asymmetric ﬁlter sections. This fact would reduce the phase balance
of the lattice balun and, therefore, its broad bandwidth performance.
Such a structure is similar to the lumped element rat race or 3 dB
hybrid [5].
This paper presents a broad band balun made with lumped element
technology to feed UWB antennas with variable balanced impedance.
Section II presents the design procedure. This is based on asymmetrical L-section LPF and HPF ﬁlters that transform the variable balanced
antenna impedance into the one desired. An analysis of the output
phase-balanced parameter versus the ﬁlter order is also undertaken to
show the balun performance. Section III provides a practical example
with a lumped element balun connected to an UWB dipole in the UHF
band. Finally Section IV presents the conclusions.
II. BALUN DESIGN
The balun is intended to be connected to an UWB UHF dipole antenna. The antenna input impedance shows a large variation (a typical
value for the ratio between the highest and lowest impedance is 3:1).
The lumped element technology has been chosen in designing the proposed compact balun. This balun consists of two branches, one with
an LPF and the other with an HPF. The ﬁlters’ cutoff frequencies have
been shifted from the central balun frequency to achieve the desired
bandwidth. Each ﬁlter, LPF and HPF, is designed by the cascading of
elementary L-sections as shown in Fig. 1. The number of sections has
been chosen to reduce the ripple as much as possible, while keeping the
desired frequency bandwidth. In this way the design procedure aims for
a balance transmission (both in amplitude and phase) from an unbalanced port to a balanced dipole presenting a large impedance margin
through a broad bandwidth. Thus, the design procedure can be summarized as follows.
• Choice of the type of lumped element ﬁlter and selection of the
cutoff frequencies in the HPF and LPF to get a broadband balun.
• Design of the impedance transformers to achieve a balun for variable balanced impedances.
• Selection of the number of sections at the transformer to reduce
the ripple in the desired bandwidth.
Firstly, the lumped elements HPF and LPF are designed to have
a phase difference of 180 between balanced outputs in a broad
bandwidth. By mixing LPF (supporting forward waves) and HPF
(supporting backward waves) a phase difference of 180 between
terminals 2 and 3 can be achieved. For simplicity, and without loss
of generality, this analysis can be undertaken for the single section
L-network shown in Fig. 1. In this case it can be seen that if the input
voltage were V, the terminal voltages would be given by
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where
is the voltage at the th port and
and
are polynomials of the frequency variable. If the ratio between the outputs at
nodes 2 and 3 is extracted for the single section ﬁlter case it results in

(2)
where ,
are the inductors and capacitors for the LPF while ,
are the corresponding values for the HPF.
It can be seen that ports 2 and 3 are 180 out of phase. Therefore,
the balanced performance requires that the path between the second
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Fig. 2. Diagram of the characteristic impedances in the multisection
transformer.

Fig. 1. Block diagram and schematic of the proposed balun.

and third nodes have an equal number of LPF and HPF sections. In this
case, in order to deal with the variable output balanced impedance, the
values for the lumped elements do not follow a symmetric arrangement.
For that reason, the lattice network is discarded and an arrangement of
LPF between ports 1 and 2 is chosen. In the same way, an arrangement
of HPF between ports 1 and 3 is selected. It must be emphasized that
in these arrangements the number of LPF and HPF sections has to be
the same to keep an out of phase performance of 180 between 2 and
3 ports.
The next step is the design of the elementary “L” networks for each
of the transmission line segments. These ﬁlters do not have the same
cutoff frequencies since the overall broadband balun performance
needs two frequency shifts: towards higher frequencies in the LPF and
towards lower frequencies in the HPF. Then, the lumped elements (L
and C) in the LPF are given by

(3)
is the impedance of the corresponding transmission line
where
is the upper cutoff frequency of the LPF. The
section and
lumped elements for the HPF are

The second step in the design process deals with the broadband
dipole variable impedance. Actually, the load impedance margin in a
broadband antenna usually keeps a ratio larger than 3:1. For that reason
the uniform multi-section transformer is discarded while the binomial
or Chebyshev types are considered. For the lumped element balun
design, it has been seen that there are no great differences between
both transformers. As the transmission response must be as ﬂat as
possible for the overall impedance margin, the binomial transformer
has been chosen. For the binomial case, the total reﬂection coefﬁcient
is given by

(7)
where is the number of sections and is the electrical length of the
corresponding section in the transformer. For the binomial transformer
this yields

(8)
are the binomial coefﬁcients. This leads to the ﬁrst-order rewhere
ﬂection coefﬁcients (deﬁned as the reﬂection coefﬁcient between two
adjacent sections in the binomial transformer). Therefore, the transmission line characteristic impedances at the multisection transformer are
set in a geometrical progression. Equation (9) shows the transforming
expressions for the -section ﬁlter

(4)
(9)
is the admittance of the corresponding transmission line
where
is the lower cutoff frequency of the HPF. Both
section and
and
are not equal and are obtained by shifting the cena magnitude
resulting in
tral frequency
(5)
The impedance transformation ratio between the unbalanced and
balanced ports is simply determined by the ﬁlters’ characteristic impedances as
(6)
is the unbalanced load impedance (real or apparent at any
where
section of multi-section transformer) and
is the unbalanced source
impedance.

In the previous expressions the ﬁrst subindex
denotes the order
denotes the th
of the implemented ﬁlter while the second subindex
section of the corresponding -section ﬁlter. The process to get the
values is obtained according to (9). This process is illustrated in Fig. 2.
The left part of the ﬁgure indicates the input unbalanced impedance
while the right part designates the output balanced dipole
. The central part shows the impedances for each ﬁlter
impedance
section. The row number, associated with a ﬁxed th subindex, denotes
the order of the corresponding HPF or LPF. The vertical arrows
suggest the way to obtain any L-section impedance. In this way, for
the values of its section impedance
a ﬁxed order ﬁlter
are obtained from the values in the previous rows
by
following the recursive calculus as shown in (9).
Then, these impedances are introduced in (3) and (4) to obtain the
lumped element balun. From a practical point of view these two steps
are together.
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Fig. 3. Broadband dipole for UHF applications.

Finally, the order of the ﬁlter has to be considered. It is well known
that as the number of sections increases, the bandwidth can be enlarged.
In spite of this, as the balun performance is determined by a frequency
shift in both the LPF and the HPF, the ﬁlter behavior at the cutoff regions must be considered. It has been seen that due to the Gibbs phenomenon, as the number of sections increases the ripple at the cutoff
regions of the desired bandwidths is more critical. As the balance setting at ports 2–3 (outputs from the LPF and HPF) is critical, this ripple
affects the overall balun response. For that reason, the number of sections can not be large and a tradeoff between the number of sections
and the allowed ripple has to be made.

Fig. 4. Broadband dipole antenna impedance without the balun.

III. RESULTS AND DISCUSSION
The antenna proposed for this application is a planar dipole with a
large impedance bandwidth. Each of the arms of the dipole is a truncated irregular rhombus as can be seen in Fig. 3.
The antenna design parameters are the length of the arm (292 mm),
the width of the arm (97 mm) and width of the truncated arm (18 mm).
These parameters have been optimized to achieve the proposed
impedance bandwidth, from 200 to 800 MHz.
The ﬁrst step in the design procedure is to measure the dipole
impedance to ﬁnd the impedance variation margin. Fig. 4 shows the
in a
measured balanced dipole impedance without the balun
band from 200–800 MHz. From that ﬁgure it can be seen that the
mean value of the balanced antenna impedance is around 150 ohm
.
, is
Thus, the maximum value for the unbalanced impedance,
. For that reason, that is the starting
around 75 ohm
value in designing the multisection binomial transformer. From (9),
Fig. 4 and following the impedance notation in Fig. 2, Table I can be
extracted. Each column in Table I corresponds to the th section. Each
row corresponds to the implementation of the th order ﬁlter. The last
column corresponds to the value of the unbalanced impedance.
) and the HPF
By shifting the frequency of the LPF (towards
), an increase in the bandwidth of the balanced re(towards
sponse is achieved. Several prototypes have been built according to the
parameter. The ratio
has been taken as 0.33 and 0.5.
Fig. 5 shows the amplitude response for the 2nd order ﬁlter balun with
a ﬁlter ratio of 0.33 and 0.5 (henceforth balun2a will refer to a balun
with a ﬁlter with two sections and a ﬁlter ratio of 0.33 while balun2b
will refer to a balun with a ﬁlter with two sections and a ﬁlter ratio
of 0.5). It can be seen that the ripple is somewhat similar for both designs. However, concerning the frequency bandwidth, it can be seen
that the balun with a ﬁlter ratio of 0.5 presents a larger bandwidth, up
to 2 octaves.
The phase performance for each of the two ﬁlter ratios is shown in
Fig. 6. It can be seen that a relative ﬂat phase difference of 180 has

Fig. 5. Amplitude response of the 2nd order balun for a ﬁlter ratio of 0.5
(balun2b) and 0.33 (balun2a).

TABLE I
IMPEDANCE VALUES VERSUS THE NETWORK ORDER

been obtained for a bandwidth ratio of nearly 4:1 (for the 0.5 ﬁlter ratio)
and nearly 3:1 (for the 0.33 ﬁlter ratio).
A study of the amplitude and phase variation versus the ﬁlter order
in the balun has been made and shown in Figs. 7 and 8. Fig. 7 shows
the amplitude response while Fig. 8 shows the phase response (it must
be noted that, in the labels, the ﬁlter order is denoted by the number
associated with the balun). It can be seen that as the HPF and LPF
order increases so does the balun bandwidth. However, the ripple in
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Fig. 6. Phase difference between ports 2 and 3 of the 2nd order balun for a ﬁlter
ratio of 0.33 (balun2a) and 0.5 (balun2b).

Fig. 8. Phase response of LPF (continuous) and HPF (dotted). The ﬁlter order
is 1st, 2nd, and 6th.

Fig. 7. Amplitude response of LPF (continuous) and HPF (dotted). The ﬁlter
order is 1st, 2nd, and 6th.

Fig. 9. Balun prototype based on 2nd order ﬁlters.

the transmission response and the phase error increases dramatically,
especially at the bandwidth cutoff region. This limits the structure to a
second order balun.
Finally, an additional transmission line has been added at the output
balanced ports (2 and 3) to compensate a slight shifting in the phase
difference and achieve a phase difference of 180 . Fig. 9 shows the
constructed balun with 0603 SMD components at a central frequency
of 450 MHz. According to Table I, each ﬁlter section characteristic
impedance is 55.2 and 67.8 ohm, respectively. In the L-type LPF arm
the values of the inductors and capacitors are 15 nH, 18 nH, 4.7 pF,
and 3.9 pF, respectively. In the L-type HPF arm, the values are 30 nH,
36 nH, 10 pF, and 8.2 pF.
Figs. 10–12 show the simulated and measured reﬂection and transmission coefﬁcients (this last one, in amplitude and phase) at the input
and output ports. Good agreement has been achieved for the three parameters between measurements and simulations. Measurements also
show that a 0.5 ﬁlter ratio achieves a 4:1 bandwidth. The insertion
losses in both the HPF and the LPF are lower than 1 dB (with a ripple
) from 220 to 800 MHz.
of
Lastly, the performance of the balun connected to the antenna is
shown in Figs. 13–15. The reﬂection coefﬁcient of the antenna connected to the balun shows the return losses are lower than 7 dB through
a bandwidth from 220 MHz up to 820 MHz.
The difference in the amplitude response between the two dipole
arms is shown in Fig. 14. A maximum difference of 2.2 dB has been

Fig. 10. Simulated (dotted) and measured (continuous) input reﬂection coefﬁcient for the 2nd order balun for a 0.5 ﬁlter ratio.

obtained between each of the two dipole arms. The phase difference
response is around 180 across a bandwidth from 220 MHz up to
750 MHz as is shown in Fig. 15. The absolute phase error is less than
10 degrees along this bandwidth.
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Fig. 11. Simulated (dotted) and measured (continuous) transmission paramefor the 2nd order balun for a 0.5 ﬁlter ratio.
ters

Fig. 14. Difference in the amplitude response at the input of the two dipole
arms.

Fig. 12. Simulated (dotted) and measured (continuous) phase difference for the
2nd order balun for a 0.5 ﬁlter ratio.

Fig. 15. Phase difference at the input of the two dipole arms. The dashed line
represents a 170 phase difference.

Fig. 13. Return losses at the input of the balun connected to the broadband
dipole antenna.

This error can be associated with the parasitic effects of the lumped
elements and the fact that the inductances and capacitances are not exactly equal to the designed values. A statistical analysis has been undertaken to see the effects of the parasitic effects and lumped element
tolerances on the overall balun performance. The study mainly pays
attention to the balun insertion losses, return losses and phase difference responses. The parameters analyzed are: capacitors, inductors and
substrate permittivity. In a ﬁrst stage the values of these parameters
are modiﬁed independently from each other element over their whole
tolerance margin. In a second stage a tolerance study on the simultaneous variation of the capacitors, inductors and substrate permittivity
has been done. The simulation analysis has been done with AWR. The
number of analysis for any of the two stages has been set to 5000. The
parameter tolerance has been set to 10% for all the components values,
following the maximum value in the data sheet.
From the ﬁrst analysis stage it can be concluded that the variation of
the capacitor, inductor and permittivity over its entire tolerance margin
produces a diffuse trace around the original simulation. The corresponding measurement is included inside this diffuse trace for all the
measurements and tolerance variation except for the return losses
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Design of Ultrawideband Mobile Phone Stubby Antenna
(824 MHz-6 GHz)
Zhijun Zhang, Jean-Christophe Langer, Kevin Li, and
Magdy F. Iskander

Fig. 17. Variation of the simulated amplitude response versus a jointly variation
of the tolerance parameters. The dark trace corresponds to the measurement.

which are more sensitive and are somewhat out of this margin. It has
also been seen that the least critical parameter is the permittivity since
its variation affects the balun performance slightly. The most critical
parameter is the inductor while the capacitor variation shows some intermediate performance between the one of the permittivity and the inductor parameters. As an example, Fig. 16 shows the amplitude balun
performance versus the independently variation of the inductance.
From the second analysis stage it can be concluded that the balun
performance suffers from larger variation than in the previous case
since all the tolerance parameters are changing at the same time. As
an example, Fig. 17 shows the amplitude balun performance versus
the jointly variation of the capacitance, inductance and permittivity.
Nonetheless, the balun still presents a good amplitude and phase balance performance through an approximate 4:1 bandwidth.

IV. CONCLUSION
A semi-lumped balun transformer for UHF and UWB dipoles has
been presented in this paper. The proposed structure is based on two
asymmetric 2nd order ﬁlters: one low pass ﬁlter and one high pass ﬁlter.
The UWB performance has been achieved by shifting the HPF cutoff
frequency toward lower frequencies and the LPF cutoff frequency toward higher ones. In addition, these ﬁlters also transform the variable
antenna impedance into the desired source impedance by making use
of a binomial transformer. Good agreement between simulations and
measurements has been achieved. The prototype circuit shows good
amplitude balance with a phase difference of 180 across a 4:1 bandwidth from 220–820 MHz. The losses are lower than 1 dB along the
whole bandwidth.

Abstract—An ultrawideband stubby antenna that covers all frequency
bands between 824 MHz and 6 GHz, which include GSM 850 and 900, GPS,
DVB-H US, DCS, PCS, UMTS, BT, WLAN 802.11b/g and WLAN 802.11a,
with a VSWR better than 2.7:1 is described in this paper. The design procedure involves obtaining a wideband resonance from 1–6 GHz and using a
matching network to compensate for the high capacitance of the antenna at
the lower frequency band below 1 GHz. Parametric studies of this antenna
are presented in this paper. The design was experimentally veriﬁed by con. It
structing an ultrawideband antenna with a volume of
is signiﬁcant that the designed ultrawideband stubby antenna maintained
a good impedance matching and radiation efﬁciency at all bands. An efﬁciency between
is achieved in the lower band including
band required for the GSM 850 and GSM 900 sysis achieved at the rest of the
tems, and an efﬁciency value of
bands starting with the GPS at 1575 MHz to 6 GHz.
Index Terms—Matching network, monopole antennas, multiband
antennas, wideband antennas.

I. INTRODUCTION
With the rapid growth of mobile communication industry, more
and more functionalities are being integrated into a single mobile
device. Meanwhile, the overall device size and also the available
space inside a device for antennas are consistently shrinking. Five
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