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Abstract ─ Two ultra-wideband balanced bandpass filters 

based on transversal signal-interference concepts are 

proposed in this paper. By employing the two structures: 

microstrip/slotline transition, and quarter-wavelength 

shorted coupler lines, 180° phase shift can be easily 

implemented for each design. In addition, due to the 

different transmission paths, wideband common mode 

rejection and differential mode transmission bandwidth 

can be achieved. Two balanced filters centered at 3 GHz 

are calculated, fabricated and measured successfully. For 

the differential mode, the 3-dB fractional bandwidths  

are 102% from 1.47 GHz to 4.53 GHz and 103% from 

1.52 GHz to 4.61 GHz, respectively, and the return loss 

are both greater than 20 dB. For the common mode, 

signals are suppressed below -20 dB and -15 dB over the 

whole frequency band.  

 

Index Terms ─ Balanced filter, differential/common 

mode, shorted stubs, Ultra-wideband. 

 

I. INTRODUCTION 
RF circuits and systems are becoming a complicated 

closer space with more functions. So, the electromagnetic 

interference between nodes at different dielectric layers 

and mutual link in communication systems to be 

eliminated is indispensable. Compared to single-ended 

technology, balanced circuits have advantages of 

wideband common mode rejection capability which is 

beneficial to immunity to the environmental noise and 

dynamic range.  

As a high performance balanced circuit, only the 

differential mode signals pass through in the desired 

frequency band, while the common mode signals must 

be all-stop. In the past few years, different balanced 

filters for single-band, dual-band and wideband were 

proposed using different ways [1-8]. Chen et al. designed 

differential filter firstly with wideband common-mode 

suppression exploiting microstrip and CPW transition 

[1]-[3]. However, the differential-mode width increase 

difficulty and the insertion loss is a little big. Cascaded  

branch-line was used to design wideband balanced filters 

as well [4]-[5]. However, these filters implied larger 

circuit size, and their out-of-band common mode 

suppression is not so good. Another way to get wideband 

balanced filter is using T-shaped structures [6]. Their 

main advantage is the high selectivity of the passband, 

but the suppression of common mode is always 

unsatisfactory. As a very convenient balanced 

transmission line for balanced circuits, DSPSL can be 

used to design ideal phase shifter for balanced filters [7]-

[8]. They show good performance for the differential 

mode and common mode, but the problem of heat 

dissipation remained unsolved. In [9], a low profile 

balanced tunable BPF using λ/2 resonator has been 

presented. The common mode suppression can be kept 

at a high level by adding a varactor. In [10], it is a 

balanced SIW BPF which is simplified though designing 

a 2-port filter with high performance. But [9] and [10] 

both have the defect of differential-mode bandwidth. 

 

II. ANALYSIS OF PROPOSED BALANCED 

FILTERS 
In this part, the proposed two balanced filters based 

on transversal signal-interference concepts are illustrated 

detailedly. Firstly, we use the differential mode and 

common mode equivalent circuits to analyze their 

performance. And then, in Part C, simulated results of 

the two balanced filters are presented. 
 

A. Balanced filter analysis with microstrip/slotline 

transition 

The ideal circuit of the balanced filter with two ideal 

180o phase shifter is shown in Fig. 1 (a). The transformer 

works as a phase shifter. We see that it is a central 

symmetric structure of all components. Specifically, 

there are two shunted λ/4 shorted lines loaded at four 

arms each, and the characteristic impedances of the input 

ports and output ports microstrip lines are all Z0 = 50 Ω. 

For the purpose of elaborate description, the equivalent 

circuits of the differential mode and common mode are  
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illustrated in Figs. 1 (b) and (c). 
 

 
 (a) 

 
 (b) 

 
 (c) 

 

Fig. 1. (a) The ideal circuit of the balanced filter with 

microstrip/slotline transition, (b) equivalent circuit for 

the differential mode, and (c) equivalent circuit for the 

common mode. 

 

When ports 1 and 1′ are excited by differential mode 

signals, out-phase signals will be changed into in-phase 

signals after one kind phase of the signals pass through 

the phase converter. We can obtain θ12 (f0) = 360o,  

θ1′2 (f0) = 360o (θ = 90o at the center frequency f0), then 

they are combined at the center point and propagate to 

output ports. The differential-mode circuit illustrated in 

Fig. 1 (b) shows that it is half of the circuit in Fig. 1 (a) 

due to the symmetrical structure. Besides, a virtual open 

appears at the joint of four arms. This means that the 

differential-mode circuit comes out a typical bandpass 

filter. The ABCD matrix of the transmission lines and the 

shorted lines are: 
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From port 1 to port 2, the ABCD parameter matrix 

can be defined as Ms1×M1×Ms2×M2×Ms2×M1/2×Mt×M1/2×Ms1 

derived from Equations (1) to (6). Then we can get  

the frequency response form ABCD- to Y-parameter 

conversions. The poles, the insertion loss and bandwidth 

can be controlled by changing the transmission line 

impedances. 

The simulated frequency responses of Fig. 1 (b) are 

shown in Fig. 2 (Simulated with ANSYS Designer v3.0). 

We can find that the transmission zero at both sides of 

the passband will not change with the characteristic 

impedance Zs1 and Zs2. But Zs1 increased can improve 

performance of |Sdd11| obviously in the passband. Without 

the two shorted lines of Zs1, transmission poles decrease 

to three. As to Zs2, it influences the bandwidth deeply, 

bigger Zs2 and bandwidth wider. But when it comes to the 

return loss in-band, the performance shows better first 

and then becomes worse with Zs2 increased. Although the 

bandwidth is much bigger, |Sdd11| will down to 10 dB. 

 

 
 (a)    (b) 

 
Fig. 2. Simulated frequency responses of Fig. 1 (b):  

(a) |Scc11|&|Scc21|, Z1 = 50 Ω, Z2 = 70 Ω, Zs2 = 70 Ω, and (b) 

|Scc11|&|Scc21|, Z1 = 50 Ω, Z2 = 70 Ω, Zs1 = 120 Ω. 

 

When ports 1 and 1′ are excited by common mode 

signals, similarly, in-phase signals will be changed into 

out-phase signals after one kind phase of the signals  

pass through the phase converter. That means input 

signals will be cancelled out at the center point, due to  

θ12 (f0) = 180o and θ1′2 (f0) = 360o (θ = 90o at the center 

frequency f0). In this case, the common mode circuit in 

Fig. 1 (c) is generated and there is a virtual short appears 

at the joint of four arms. Because common mode signals 

canceled at the joint, the circuit presents a stopband filter 

over the whole frequency band. So common mode 

signals suppression in/out-of-band for the differential 

mode is easy to achieve. 

Figures 3 (a)-(b) plot the simulated frequency 

responses of Fig. 1 (c). As the two plots show that |Scc11| 

is almost steady over whole frequency band despite the 

characteristic impedance Zs1 and Zs2 change. But |Scc21| 

increased follows Zs1 or Zs2 increased. The performance 

becomes worse. Moreover, without the two shorted lines 

of Zs1 or Zs2, |Scc11| and |Scc21| becomes worse than they 

existed. 
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  (a) (b) 

 

Fig. 3. Simulated frequency responses of Fig. 1 (c):  

(a) |Scc11|&|Scc21|, Z1 = 50 Ω, Z2 = 70 Ω, Zs2 = 70 Ω, and (b) 

|Scc11|&|Scc21|, Z1 = 50 Ω, Z2 = 70 Ω, Zs1 = 120. 

 

B. Balanced filter analysis with λ/4 shorted coupled 

line 

Figure 4 (a) shows ideal circuit of the balanced filter, 

which is a central symmetric structure of all components. 

Figures 4 (b) and (c) are the equivalent differential/ 

common mode circuits to be analyzed accordingly. We 

use λ/4 shorted coupled line in this circuit and its 

equivalent circuit model gives in Fig. 5. The ABCD 

matrix can be written as follow: 
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From the upper Equations from (7) to (10), we can 

draw a conclusion that the two λ/4 shorted coupled lines 

are acted as 180° phase shifter and will not change with 

frequency. The characteristic impedances of the input 

ports and output ports microstrip lines are all Z0 = 50 Ω. 

As discussed in Part A, a virtual open appears at the 

joint of four arms for differential-mode circuit in Fig.  

4 (b). Due to the signals combined at the center point, it 

comes out a typical bandpass filter when ports 1 and 1′ 

are excited by differential mode signals. Furthermore, a 

virtual short appears at the joint of four arms for 

common-mode circuit in Fig. 4 (c). Due to the signals 

canceled at the center point, it comes out a stopband filter 

when ports 1 and 1′ are excited by common mode signals. 

Figures 6 (a) and (b) are the simulation results at 

different value of k. k is coupling coefficient of the two 

shorted coupler line. It is apparent that the differential 

mode and common mode performance show better with 

k increases. But there is a problem that big coupling 

coefficient is hard to realize in monolayer PCB 

microstrip line structure. In order to get tight coupling, 

we introduce a slot under the coupled lines [12]. For a 

simple coupled line, even-mode impedance is mainly 

depend on capacitance of metal strips to ground, while 

odd-mode impedance is depend on capacitance of metal 

strips and coupled lines to ground. So even-mode and 

odd-mode capacitance will decrease with the slot at the 

same time. In addition, placing a rectangular conductor 

inside the slot can make sure that odd-mode decrease in 

company with even-mode. 

 

 
 (a) 

 
 (b) 

 
 (c) 

 

Fig. 4. (a) The ideal circuit of the balanced filter with λ/4 

shorted coupled line, (b) equivalent circuit for the 

differential mode, and (c) equivalent circuit for the 

common mode. 

 

 
 

Fig. 5. Equivalent circuit model of the λ/4 shorted 

coupled line. 

 

 
 (a)    (b) 

 

Fig. 6. Simulated frequency responses of Figs. 4 (b) and 

(c): (a) |Sdd21|&|Sdd11|, Z1 = 55 Ω, Z2 = 65 Ω, Zs1 = 120 Ω, 

Zs2 = 120 Ω, and (b) Scc21|&|Scc11|, Z1 = 55 Ω, Z2 = 65 Ω, 

Zs1 = 120 Ω, Zs2 = 120 Ω. 
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C. Proposed to balanced bandpass filters 

Based on the above discussions and the simulated 

results in Part A and B of Section II, the 3-dB bandwidths 

of the two balanced filters are chosen as 102% and 103%, 

and the final parameters in Figs. 1, 4 are: Z0 = 50 Ω, Z1 = 50 Ω, 

Z2 = 90 Ω, Zs1 = 114 Ω, Zs2 = 104 Ω; Z0 = 50 Ω, Z1 = 45 Ω, 

Z2 = 60 Ω, Zs1 = 112 Ω, Zs2 = 112 Ω, Ze1 = 200 Ω, Zo1 = 30 Ω. 

Figure 7 presents the geometries of the two balanced 

filters (78.94 mm × 56.83 mm, 66.2 mm × 37.28 mm) are: 

l1 = 16.85 mm, l2 = 17.08 mm, l3 = 9.93 mm, s1 = 17.65 mm, 

s2 = 18.42 mm, g1 = 0.3 mm, lg = 7 mm, a = 9.5 mm,  

b = 2 mm, w0 = 1.36 mm, w1 = 1.36 mm, w2 = 0.23 mm, 

w3 = 0. 3 mm, w4 = 0.44 mm, d1 = 0.6 mm, d2 = 1 mm,  

d3 = 10 mm; l1 = 16.7 mm, l2 = 17.7 mm, l3 = 8.05 mm,  

s = 0.15 mm, s1 = 16.7 mm, s2 = 16.7 mm, q1 = 7.95 mm, 

q2 = 14.7 mm, w0 = 1.36 mm, w1 = 2.1 mm, w2 = 0.24 mm, 

w3 = 1 mm, w4 = 0. 26 mm, g1 = 1.6 mm, g2 = 0.3 mm,  

d1 = 0.6 mm, d2 = 0.8 mm.  
 

 
 (a) 

 
 (b) 

 
 (c) 

 
 (d) 
 

Fig. 7. Geometries of two proposed balanced filters. (a) 

Top view of structure I, (b) bottom view of structure I, (c) 

top view of structure II, and (d) bottom view of structure II. 

The simulated results and photographs of the two 

balanced filters with two different 180o phase shifter are 

shown in Figs. 8 and 9 (Simulated with ANSYS HFSS 

v.11.0). As to the balanced filter with microstrip/slotline 

transition, the in-band insertion loss of differential mode 

is less than 1 dB with 3-dB bandwidth approximately 102% 

from 1.47 GHz to 4.53 GHz. And insertion loss of common 

mode is greater than 23 dB (0-5.7 GHz, 1.9f0), which 

manifested good wideband suppression. Furthermore, 

for the balanced filter with λ/4 shorted coupled line, 3-dB 

bandwidth is about 103% from 1.52 GHz to 4.61 GHz, 

meanwhile, the in-band insertion loss of differential 

mode is less than 1.3 dB. And insertion loss of common 

mode is greater than 15 dB (0-7.5 GHz, 2.5f0). 
 

III. RESULTS AND DISCUSSION 
Figures 8 and 9 present the measured results and 

photographs of the two balanced filters. We can see from 

Fig. 8 (a), 3-dB bandwidth is approximately 100% (1.47-

4.48 GHz), the passband return loss is greater than  

12.5 dB and insertion loss is less than 1.1 dB of the 

differential mode; for the common mode in Fig. 8 (b), a 

broadband rejection (0-7.5 GHz, 2.5f0) is achieved which 

up to 20 dB. The results of the second balanced filter are 

shown in Fig. 9, 3-dB bandwidth is approximately 100% 

(1.48-4.48 GHz), the passband return loss is greater  

than 11 dB and insertion loss is less than 1.3 dB of the 

differential mode; for the common mode in Fig. 9 (b), a 

broadband rejection (0-7.4 GHz, 2.46f0) is achieved 

which up to 15 dB. Aforementioned two structures, the 

in-band performance of differential mode has a bit 

discrepancy is mainly caused by the fabrication 

inaccuracy and errors of measurement. 
 

 
  (a) 

 
  (b) 
 

Fig. 8. Measured and simulated results of the balanced 

filter with microstrip/slotline transition. (a) Differential 

mode and (b) common mode. 
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  (a) 

 
  (b) 
 

Fig. 9. Measured and simulated results of the balanced 

filter with λ/4 shorted coupled line. (a) Differential mode 

and (b) common mode. 
 

IV. CONCLUSION 
Two ultra-wideband balanced filters based on 

transversal signal-interference concepts are proposed in 

this paper. Wideband common mode signals suppression 

can be implemented conveniently for the filters with two 

structures, microstrip/slotline transition and quarter-

wavelength shorted coupler lines. Then 180o phase  

shift realized therefore. It shows good performance for 

common mode suppression and little insertion loss of 

differential mode. 
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