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Converting Baluns Into Broad-Band
Impedance-Transforming

180 Hybrids
Kian Sen Ang, Member, IEEE,and Yoke Choy Leong

Abstract—A technique for converting baluns into 180 hybrids
by adding an in-phase power splitter is presented in this paper. In-
corporating the broad-band antiphase and in-phase power split-
ting characteristics of the balun and power splitter results in a 180
hybrid with broad-band characteristics. This technique also pro-
vides a means of achieving perfect matching and output isolation
for three-port lossless baluns. Applying this technique to a Marc-
hand balun will result in a broad-band impedance-transforming
180 hybrid. Simple design equations based on the scattering ma-
trix are presented. These theoretical results are validated by an
experimental 180 hybrid using a coupled line Marchand balun.
It achieves amplitude balance of 0.5 dB and phase balance of less
than 5 from 1.2 to 3.2 GHz.

Index Terms—Baluns, impedance transformation, Marchand
baluns, 180 hybrids.

I. INTRODUCTION

T HE 180 hybrid ring is a fundamental component in
microwave circuits. It performs the important function

of in- and out-of-phase power splitting while maintaining
perfectly matched ports. Compared to the 90branch-line
coupler, it has broader bandwidth [1] and the isolation between
the input ports may be independent of the output termination
impedances. Therefore, the 180hybrid ring is extensively used
for isolated power splitting in balanced mixers, multipliers,
power amplifiers, and antenna feed networks.

The conventional 180hybrid ring, as shown in Fig. 1(a),
is inherently a narrow-band structure. Previous papers [2]–[6]
has attributed this bandwidth limitation to the narrow-band

phase inverter within the line section. Consequently,
March [2] replaced the section with a coupled line
section, which has broad-band phase inversion characteristics,
as shown in Fig. 1(b). Although the bandwidth increases
considerably, the even-mode impedance required for the cou-
pled section is too extreme to be realized on commonly used
microstrip circuits. Others [3]–[5] replaced the line in the

section with broad-band phase inverters, which cannot
be implemented on microstrip circuits. In addition to using
broad-band phase inverters, quarter-wavelength impedance
transformers have also been added to the hybrid ring for band-
width improvement [6], but this increases the overall circuit
size and requires a very low-impedance line section.
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Fig. 1. (a) Conventional hybrid ring. (b) Modified hybrid ring proposed by
March [2].

In this paper, new insight into the bandwidth limitation of the
hybrid ring is presented. It will be shown that the bandwidth
of the hybrid ring is limited by the narrow-band nature of the
balun operation within the hybrid structure. This leads to the
incorporation of broad-band baluns to realize broad-band 180
hybrid structures. It also provides a technique for achieving per-
fect matching and output isolation in three-port lossless baluns.
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Fig. 2. Conceptual block diagram of a general 180hybrid.

The design and performance of these balun-incorporated 180
hybrids will be presented in this paper.

II. CONCEPT

The conventional and modified hybrid rings can be parti-
tioned into an in-phase power divider and a balun, as illus-
trated in Fig. 1. In the conventional hybrid ring of Fig. 1(a), the
in-phase power divider consists of a pair of line sections,
while the balun consists of a noninverting arm and an in-
verting line section. Therefore, although the power divider
is a broad-band structure, the bandwidth of the overall hybrid is
limited by the narrow-band balun. In the modified hybrid ring
of Fig. 1(b), this narrow-band balun is replaced by a broad-band
balun consisting of a noninverting arm and a inverting
coupled line section.

Therefore, the 180hybrid can be considered conceptually
as a combination of an in-phase power divider and a balun, as
depicted in Fig. 2. The power divider provides in-phase power
splitting/combining between (sum) port 4 and ports 2 and 3,
while the balun provides antiphase power splitting/combining
between (delta) port 1 and ports 2 and 3. The basic design re-
quirement is to determine the network properties of the in-phase
power divider and balun such that all the ports are matched and
opposite ports are isolated for hybrid operation. This can be de-
rived from the two-port even- and odd-mode analysis where the
sum and delta ports are terminated. This is illustrated in Fig. 3.
Also shown in Fig. 3 are the following even-mode reflection,
odd-mode reflection, and transmission coefficients, , ,
and for ports 2 and 3 in the in-phase power divider and balun

In-phase divider

Even-mode:

Odd-mode:

(1)

These values are characteristics of the in-phase power di-
vider and the baluns in Fig. 1. Under even-mode excitations
in Fig. 3(a), the connections to the balun will appear as open

(a)

(b)

Fig. 3. (a) Even- and (b) odd-mode networks for the general 180hybrid in
Fig. 2.

circuits. Thus, the overall circuit will perform as an in-phase
divider with and . On the other hand, under
odd-mode excitations in Fig. 3(b), the in-phase divider termi-
nals will appear as open circuits and only the balun will be in
operation with and . Therefore, the resulting cir-
cuit functions as an ideal in-phase power divider or balun, de-
pending on the mode of excitation. Summing the results for both
excitations also show that ports 2 and 3 are perfectly matched
and isolated.

In summary, the requirements for the power divider and balun
in the hybrid structure of Fig. 2 are for them to satisfy (1). Note
that not every power divider and balun has these properties.
For example, the multisection branch-line balun [7], consisting
of line sections, which are apart, presents short-cir-
cuited terminals under even-mode excitations, instead of open
circuits. Similarly, in a two-section lossless power divider,
the in-phase terminals present short-circuited terminals under
odd-mode excitations. However, these short-circuited terminals
can be easily transformed to open circuits by adding trans-
formers to the respective outputs.

Equipped with this new insight, we can replace the baluns in
Fig. 1(a) and (b) with other broad-band more realizable baluns
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to improve the bandwidth of the hybrid ring. Consequently, this
also suggests that, by adding a broad-band in-phase power di-
vider between the output ports of a balun, all the balun ports can
be matched and the outputs are isolated, as in the 180hybrid. In
this paper, the impedance-transforming Marchand balun [8] will
be employed to implement broad-band 180hybrids. Therefore,
the resulting 180hybrid will have the additional capability of
performing impedance transformation between the input and
output ports. This is useful in several applications. For example,
an impedance-transforming 180hybrid can be employed in a
balanced mixer to match the local oscillator (LO) and RF port
impedances to that of the mixing diodes. In a push–pull ampli-
fier, the use of a balun with matched and isolated outputs can
enhance amplifier stability.

III. A NALYSIS

When (1) is satisfied, the three-port balun and in-phase power
divider, with port definitions given in Fig. 2, can be character-
ized by their matrices

(2)

In addition, and are both unitary matrices to
satisfy the lossless condition, giving

(3)

These are the optimum matrices for the three-port net-
works. They are matched at the input and have transmission
coefficients of 3 dB, which are opposite phase for the balun
and in-phase for the power divider. The outputs, however, are
not matched or isolated. Both the output matching and isolation
have a value of 6 dB.

When these two networks are connected back-to-back, as in
Fig. 2, the matrix of the resulting four-port network can be
derived using the multiport connection method [9]. The result is
as follows:

(4)

The resulting matrix composes of and ,
which are, respectively, the matrices of an ideal balun and
power divider. Therefore, by combining the balun and in-phase
power divider, their individual antiphase and in-phase power
splitting characteristics with matched inputs are maintained.
In addition, their output ports are now perfectly matched and
isolated. Moreover, the balun input is also isolated from the

Fig. 4. Block diagram of an impedance-transforming 180hybrid employing
a Marchand balun.

power-divider input. In fact, can be identified as the
matrix of an ideal 180hybrid.

Therefore, the basic design requirement of the balun and
in-phase power divider is for them to have the optimum
matrices given in (2). For the power dividers in Fig. 1, which
consists of a pair of line sections of impedance , the
matrix is given by

(5)
To obtain the desired given in (2), the required line

impedance is given by . This impedance value is
consistent with that of the power dividers given in Fig. 1.

Fig. 4 shows the block diagram of an impedance-trans-
forming 180 hybrid employing a coupled line Marchand
balun. In this hybrid structure, the source impedancesat
ports 1 and 4 can be transformed to match the load impedances

at ports 2 and 3.
With these port impedances, thematrix of the in-phase

power divider becomes

(6)

In this case, the required line impedance to achieve the
matrix in (2) is given by

(7)

Similarly, thebalunsinFig.1(a)and(b)canalsobedesignedfor
impedance transformation from to bysatisfying (7). In this
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Fig. 5. Layout of the fabricated broad-band balun/180hybrid.

paper,however, the impedance-transformingMarchandbalun[8]
will be employed. It consists of two coupled line sections,
in which the unconnected ports are terminated in short and open
circuits, as shown in Fig. 4. The required even- and odd-mode
impedances for the coupled line sections are given by

(8)

where is the coupling factor of the coupled lines.
For the balun to transform from source impedance ofto

load impedances , the required coupling factor is given by [8]

(9)

When (8) and (9) are satisfied, the matrix required in (2)
for the Marchand balun will be obtained.

Equations (7)–(9)present the requireddesign equations for the
impedance-transforming 180hybrid based on the coupled-line
Marchand baluns. For the case where , the
required coupling factor is 4.8 dB and the even- and odd- mode
impedances are and . Compared to the
impedances of and , required by the
modified hybrid ring inFig.1(b), thesevaluesare more realizable
in microstrip coupled lines.

Although the analysis is only performed at the center fre-
quency of operation, the results are valid over a relatively broad
bandwidth due to the broad-band nature of the in-phase power
divider and balun.

IV. EXPERIMENTAL RESULTS

To validate the analytical results and demonstrate the pro-
posed technique, a broad-band microstrip 180hybrid based
on the Marchand coupled-line balun was designed. The cir-
cuit layout is shown in Fig. 5. The circuit was fabricated on
a low-cost FR-4 board with a dielectric constant of 4.4 and a
thickness of 1.6 mm. The coupled line sections were realized
using three-conductor coupled lines [10]. The conductor widths
for the center conductor and the two side conductors are, re-
spectively, 1 and 0.5 mm, while the gaps between them are
0.1 mm. The conductor width for the two power divider arms is

Fig. 6. Measured and theoretical coupling parameters of the Marchand balun
without a power-divider network.

1 mm. Quarter-wavelength for the designed frequency of 2 GHz
is approximately 20 mm. Sections of 50-microstrip lines were
used to extend ports 2 and 3 for measurement. The microstrip
traces were defined by a T-tech printed-circuit board (PCB)
router. The crossovers were implemented by soldering stripes of
copper tape across the microstrip traces. The short circuits for
the coupled lines were obtained by soldering strips of copper
around the edge of the substrate. The overall circuit size is ap-
proximately 40 35 mm .

The layout of Fig. 5 illustrates that the input–output ports of
the resulting 180hybrid are no longer constrained to be alter-
nating around a ring, as in the conventional hybrid ring. This
presents a more convenient and versatile layout for many ap-
plications. For example, when employed in a balanced diode
mixer, the LO and RF can be conveniently applied to the adja-
cent ports 1 and 4, while the diode pair can be directly mounted
at the balun outputs.

The fabricated circuit was first measured as a balun, without
the crossovers to the in-phase power divider, to verify the per-
formance of the Marchand balun. Fig. 6 shows the measured
and theoretical balun coupling parameters. The theoretical re-
sponses are based on simulations using Agilent’s ADS soft-
ware,1 with ideal transmission lines and ideal coupled line sec-
tions defined by (7)–(9). The measured passband is wider than
the theoretical one, probably due to the slight over-coupling in
the three-line microstrip couplers. The measured passband is flat
from 1 to approximately 3 GHz with approximately0.5-dB in-
sertion loss. Both and track each other as in the theo-
retical curves, except at the high-frequency end of the passband.
This increasing amplitude imbalance at high frequencies can be
attributed to the unequal even- and odd-mode phase velocities
in the nonhomogeneous microstrip coupled lines. Similarly, al-
though theoretical phase balance is perfect for all frequencies,
measured phase imbalance increases with frequency, to approx-
imately 10 at the upper end of the passband. Fig. 7 shows the
return loss and output isolation of the balun. The input is well
matched within the balun passband. The output return losses and

1Agilent Technol. Advanced Design Syst. v1.3, Palo Alto, CA, 1999.
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Fig. 7. Measured and theoretical return loss and output isolation of Marchand
balun without a power-divider network.

Fig. 8. Measured and theoretical coupling parameters for the delta port of the
180 hybrid.

isolation hovers around 6 dB, which is in agreement with the
theoretical curves.

Having verified the balun performance, the crossovers
between the balun and power divider are then added to measure
the performance of the resulting 180hybrid. Fig. 8 shows
the coupling parameters for the delta port of the hybrid.
Comparing Figs. 6 and 8, there is a slight decrease in the
measured bandwidth at the edges of the passband, just as in the
theoretical bandwidth. The measured phase balance, however,
has improved to less than 5within the passband. Fig. 9
shows the corresponding coupling parameters for the sum port.
Similarly, the two coupling parameters and track each
other closely and the phase balance is less than 5throughout
the measurement frequency range. It is also evident that the
bandwidth of the in-phase power divider is much wider than
that of the balun. Therefore, the overall bandwidth of the 180
hybrid can be further increased by improving the bandwidth of
the balun employed.

Fig. 9. Measured and theoretical coupling parameters for the sum port of the
180 hybrid.

Fig. 10. Measured and theoretical return loss for all the ports of the 180
hybrid.

Fig. 10 shows the return loss of all the ports of the 180hy-
brid. Comparing Figs. 10 and 7, the delta input remains well
matched within the passband, as in the balun without the power-
divider network. The measured return loss and has im-
proved from 6 dB in Fig. 7 to better than 12 dB within the
passband. The measured return loss for the sum port is better
than 10 dB. The improvement in these measured return losses
are less than theoretical, which is likely due to the parasitic ef-
fects of the crossovers in the power-divider circuit.

The port isolations are shown in Fig. 11. The measured isola-
tion between ports 2 and 3 has improved from6 dB in Fig. 6
to better than 15 dB within the passband. The sum and delta
port isolation is theoretically infinite due to the perfect ampli-
tude and phase balances. This can only be achieved at low fre-
quencies and the measured isolation degrades to approximately

30 dB at the high-frequency end of the passband.
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Fig. 11. Measured and theoretical port isolations of the 180hybrid.

V. CONCLUSION

The conventional hybrid ring has been identified as a combi-
nation of an in-phase power divider and a balun. This resulted
in a technique for converting baluns into broad-band 180hy-
brids. It also provides a means of achieving output matching
and isolation for lossless three-port baluns. This technique has
been applied to the impedance-transforming Marchand balun
for the implementation of impedance-transforming 180hy-
brids. Simple design equations based on anmatrix have been
derived. Based on these results, a broad-band 180hybrid has
been realized using Marchand coupled-line baluns. Capitalizing
on the broad-band characteristics of the balun, the fabricated
180 hybrid exhibits a wide bandwidth of almost 100% with
amplitude and phase balance of less that 0.5 dB and 5, respec-
tively. Measured results also show that the bandwidth of the pro-
posed 180hybrid can be further increased by employing baluns
of even wider bandwidth.
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