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1. Introduction
High-isolation branch-line balun have been researched

and applied in many applications such as push-pull 
amplifier [1], antennas [2], and mixers [3]. In [4], a three-
layer wideband Marchand balun was presented using slot-
coupled microstrip lines. This work did not consider 
isolation characteristics between the output ports.
Marchand baluns with high isolation characteristics were 
introduced in [5], [6]. These works were considered only at 
the center frequency (f0), which can provide a narrow 
bandwidth characteristic. Three-ports baluns composed of 
symmetrical four-ports branch-line structures by a 
terminating an open-circuited port were reported in [7], [8].
In [8], a branch-line balun with stubs on vertical branches, 
which can eliminate unwanted even-mode capacitance and 
reduce overall circuit size, was presented. However, the 
circuit performances had relatively narrow bandwidths and 
did not consider the isolation characteristic between output 
ports.

In this paper, wideband high isolation branch-line balun 
is proposed. The general designed equations are derived.
The high isolation can be obtained by using open-circuit 
parallel coupled line and a shunt resistor at the output ports.

2. Design Equations

Fig. 1 shows the proposed structure of high-isolation 
wideband branch-line balun. The proposed circuit consists 
of a pair of horizontal quarter-wavelength (λ/4) 
transmission lines (TLs) with characteristic impedance Z2

and a pair of vertical half wavelength (λ/2) TLs with 
characteristic impedances Z1. The parallel coupled lines 
connected back-to-back with a shunt resistor at the center 
of the 

Fig. 1. Proposed high isolation wideband balun structure.

(a) (b)
Fig. 2. Equivalent circuits: (a) even- and (b) odd-modes.

coupled line are used for the wideband high isolation
characteristic. From [7], the even- and odd-mode 
excitations are applied to derive design equations. The 
even- and odd-mode equivalent circuits of proposed 
circuits are shown in Figs. 2(a) and 2(b), respectively.
Under the even-mode excitation, the symmetrical plane of 
AA’ can be considered as a perfect magnetic wall (open-
circuited). Under the odd-mode excitation, the symmetrical 
plane of AA’ can be considered as a perfect electric wall 
(short-circuited). From Fig. 2(b), the S11 at f0 of the odd-
mode equivalent circuit can be derived as (1).
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specific S11 at f0 can be found as (2).
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The even-mode impedance (Z0e) of the coupled line can 
be found as (3) by setting S11 = 0.
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Z1 and Z0o can be chosen arbitrarily and Z2 can be found 
from (2).

From Fig. 2(a), the isolation resistor Ri is split in half
along the axis-AA’. The resistance Ri can be found as (4) 
with the specific isolation S23|f0.

0

0

2 2 2 2
0 0 0 23 2 0

2 2 2
23 2 0 2

2 2

8 2

e o f
i

L f

Z Z Z S Z Z
R

Z S Z Z Z
, (4)

where S23|f0 is the magnitude of the isolation at f0.
The design procedure of proposed balun is summarized 

as follow. Firstly, specify Z0o, Z1, f0, S11|f0, and S23|f0. Then
Z2, Z0e, and Ri can be calculated from (2), (3), and (4), 
respectively.

3. Design Example

To validate the proposed circuit and designed equations,
a wideband high isolation branch-line balun was designed 
at f0 = 3.5 GHz with 20 dB return loss and isolation at f0.
The characteristic impedances of Z1 = 70 , Z0o = 55 ,
and S11|f0, = S23|f0 =20 dB were chosen. From (2), (3), and 
(4), Z2 = 63.9602 , Z0e = 151.7051 , and Ri = 19.1288 
are calculated, respectively. The simulation is performed 
using ADS tool. Fig. 4 shows the S-parameter 
characteristics of the proposed wideband branch-line balun.
From the simulation, the return loss of 20 dB is obtained at
f0. The bandwidth of 20 dB return loss is 0.91 GHz (3.05 –
3.96 GHz). S21 = S31 = 3.05 dB is obtained at f0,
respectively. The amplitude imbalance better than ± 0.3 dB 
is obtained within the bandwidth of 0.91 GHz. The 
isolation between the output ports is obtained as 20 dB at f0.
Isolation better than 20 dB is obtained over a bandwidth of 
1.318 GHz (2.887– 4.205 GHz). The simulated phase 
imbalance between two output ports is better than 180 ± 8o

over the bandwidth of 0.91 GHz.

Fig. 3. Frequency response of proposed wideband balun
high isolation (@Z0=50 Ω).

4. Conclusion

In this paper, a wideband branch line balun is proposed. 
The high isolation can be obtained within a wideband 
characteristic using shunt coupled lines and a shunt 
resistor between the output ports. The magnitude of return 
loss and isolation at center frequency can be chosen 
arbitrarily. The low phase imbalance can be obtained over
the wideband. The proposed circuit is simple to design and 
can be applicable for wideband RF systems.
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