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Abstract- This paper presents a high return loss ultra-
wideband bandpass (UWB) filter with a loose coupling of coupled 
line. A proposed structure consists of shunt short transmission 
line and a coupled line. By analytically study, a high return loss 
can be obtained by located a proper five transmission poles in the 
passband. For an experimental validation, the UWB filter was 
designed at a center frequency of 6.85 GHz. The measured results 
agree well with the simulation results. From the measurement, 
the insertion and return losses were better than 1.5 dB and 20 dB 
within the operating band from 3 to 11.1 GHz (FBW = 113.2 %). 

Keywords⎯Coupled line, even-mode, high return loss, odd-
mode, ultra wideband bandpass filter. 

I. INTRODUCTION 

An ultra-wideband (UWB) bandpass filters (BPF) have been 
developed for use with modern communication systems since 
early 2002, when the federal communications commission 
released the frequency band covering 3.1 to 10.6 GHz. 
Recently, UWB BPFs with different structures have been 
studied [1-14]. The multiple-mode resonator (MMR) [1]-[5] 
and the inductance-loaded Y-shaped microstrip resonator [6] 
were used to design UWB BPFs with a very strong coupling at 
the external coupling ports. A broadside coupling T-type 
resonator structure [7] and interdigital coupled lines with an 
aperture-back [8]-[9] were introduced to improve the coupling 
by developing the UWB BPF in a multi-layer and microstrip 
line with sharp selectivity characteristics. In [10], the UWB 
BPF was analyzed from prototype lumped elements and was 
implemented using a multilayer liquid-crystal-polymer 
substrate with eight transmission poles in the passband. In [12], 
the UWB BPF was designed with several cascaded sections of 
the transmission line (TL) with short-ended stubs on both the 
input and output ports. This design did not need coupled 
resonators. The parallel-coupled microstrip lines with slotted 
ground below the coupled line were used in [13], and 
additional capacitors were used to increase the coupling of the 
coupled line and to provide a high return loss.  

This paper investigates a new design structure in order to 
obtain a high return loss UWB BPF. The proposed structure 
can provide a high return loss characteristic with a relatively  
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Fig. 1. Structure of the UWB bandpass filter. 

Z0 Zst, θ 

Z1, θ 

Zine 
θ Z0e 

   

θZst, θ Zino 

Z1, θ 

Z0 Z0o 

   (a)   (b) 

Fig. 2. Equivalent circuits for the UWB bandpass filter: (a) even-mode and (b) 

odd-mode. 

loose coupling of the coupled line and can be fabricated on a 
microstrip line with a compact size.  

II. CIRCUIT ANALYSIS 

Fig. 1 shows the propose structure of the UWB BPF. The 
proposed circuit consists of a pair of short-circuited shunt TLs, 
Zst, and series TLs, Z1, separated by a shunt coupled TL with 
characteristic even and odd impedances of Z0e and Z0o. The 
electrical lengths of all TLs and the coupled line are θ. Since 
the UWB BPF structure depicted in Fig. 1 is symmetric, even- 
and odd-mode equivalent circuits are shown in Figs. 2(a) and 
(b), respectively. Under even- and odd-mode excitations, the 
symmetrical plane at the center can be considered to be a 
perfect magnetic wall (open circuit) and electric wall (short 
circuit), respectively. Then, the even- and odd-mode input 
impedances can be used to derive the S-parameters of the 
UWB BPF [14] as (1).  
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And the subscripts e and o denote even- and odd-modes, 
respectively.  

Since the proposed filter consists of five resonators with 
different characteristic impedances, there are five transmission 
poles (TPs) can be obtained in the passband. Thus, the 
locations of the TPs are derived in order to understand the 
bandwidth effects according to the individual characteristic 
impedances of the TLs and the coupled line. From (1a), the 
locations of the TPs are derived as in (3) and (4) by giving S11 
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From (3), it is evident that one of the TPs always occurred at 
the center frequency (f0). Similarly, two pairs of TPs are 
symmetric with respect to f0 based on (4) and (5). In order to 
obtain good UWB passband characteristic, the positions of the 
TPs should be spaced almost equally. 

Figs. 3(a), (b), and (c) show the TP locations according to 
Z0e, Z1, and Zst, respectively. As seen in Fig. 3(a), the first and  

70 75 80 85 90 95 100 105 110 115 120
0.25

0.50

0.75

1.00

1.25

1.50

1.75

Z
st
=100 Ω

Z
1
=58 Ω

Z
0o

=60 Ω

 

N
or

m
al

iz
ed

 f
re

qu
en

cy
 (

 f/
f 0)

Z
0e (Ω)

f
p5

f
p4

f
p3

f
p2

f
p1

 
(a) 

52 53 54 55 56 57 58 59 60 61 62

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Z
st
=100 Ω

 

N
or

m
al

iz
ed

 f
re

q
u

en
cy

  (
f/f

0)

Z
1
 (Ω)

Z
0e

=106 Ω

Z
0o

=60 Ω

f
p5f

p4

f
p3

f
p2

f
p1

 
(b) 

30 40 50 60 70 80 90 100 110 120 130
0.4

0.6

0.8

1.0

1.2

1.4

1.6
f
p5

f
p4

f
p3

f
p2

Z
1
=58 Ω

Z
0e

=106 Ω

Z
0o

=60 Ω

 

N
or

m
al

iz
ed

 f
re

qq
u

en
cy

  (
f/f

0)

Zst (Ω)

f
p1

 
(c) 

Fig. 3. Transmission pole locations according to: (a) Z0e, (b) Z1, and (c) Zst. 

fifth TPs (fp1, fp5) are moved away from the center TP (fp3) as 
Z0e decreases from 120 Ω to 70 Ω. However, the second and 
fourth TPs (fp2, fp4) are moved closer to fp3. These calculation 
assumes Z0o = 60 Ω, Z1 = 58 Ω, and Zst = 100 Ω. Fig. 3(b) 
shows fp2 and fp4 are significantly moved away from fp3 as Z1 
decreases. This calculation assumes Z0e = 106 Ω, Z0o = 60 Ω, 
Zst = 100 Ω, and Z1 vary from 52 Ω to 62 Ω. On the other 
hand, fp2 and fp4 in Fig. 3(c) are moved out from fp3, while fp1  
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Fig. 4. S-parameter characteristics of the UWB bandpass filter. 

TABLE I 

OPTIMUM TRANSMISSION LINE CHARACTERISTIC IMPEDANCES OF UWB 

BAND PASS FILTER (UNIT: Ω). 

106

Z0e

58

Z1

60

Z0o

100

Zst

 

and fp5 are tended toward fp3 as Zst increases. This calculation 
assumes Z0e = 106 Ω, Z0o = 60 Ω, Z1 = 58 Ω, and Zst vary from 
30 Ω to 130 Ω. Fig. 3 shows that Z0e and Z1 have a strong 
effect on the movement of the TPs. Among the three variables, 
Z1 is most sensitive to the TP locations according to the 
variation. fp3 is constant and independent of Z1, Z0e, and Zst. 
Since the five TPs can shift within a wide range by changing 
Z0e, Z1, and Zst, it is possible to employ a wideband filter to 
conform to a UWB BPF by choosing appropriate 
characteristic impedances for the TLs and the couple line. 
From Fig. 3, the optimum characteristic impedances of 
transmission line and coupled line are selected and list in 
Table I. Fig. 4 shows the S-parameters of the UWB BPF with 
equally-spaced TPs in the passband. The fractional bandwidth 
(FBW) of the 20 dB return loss is obtained 114.1%. 

Based on the investigation above, the procedure to design 
the proposed UWB BPF is summarized in Fig. 5. The design 
steps for the UWB BPF are as follows. 

(a)  Specify f0 and maximum return loss. 
(b) Calculate TPs using equations (3) - (4) and then 

optimize the locations of the TPs. 
(c) Calculate the physical dimension of the coupled line and 

the TLs according to the PCB substrate using microwave 
circuit or EM simulation software. 

(d) Finally, the optimized UWB BPF characteristics are 
obtained using an EM simulator. 

III. SIMULATION AND MEASUREMENT RESULT 

An experimental validation was carried out by designing the 
UWB BPF and fabricating it on an RT 5880 substrate with εr = 
2.2 and h = 31 mils. An electromagnetic (EM) simulation was  
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Fig. 5. Design procedure of proposed UWB bandpass filter. 
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Fig. 6. (a) Layout and (b) photograph of fabricated the UWB bandpass filter. 
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Fig. 7. Simulation and measurement results of the UWB bandpass filter. 

TABLE II 

PHYSICAL DIMENSIONS OF UWB BANDPASS FILTER (UNIT: MM). 

W1=1.9 W2=1.1

L1= 8 L2=5.8

S2=0.7 L4=5W3=0.4

L3=8.5

W4=2.4

 

performed using the Ansoft HFSS v15. Based on the design 
procedure described in the previous section, a UWB BPF was 
designed and fabricated. From the final optimized values, the 
physical dimensions were calculated according to the substrate  
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Fig. 8. Simulation and measurement for group delay characteristics of UWB 

bandpass filter. 

using LineCalc of ADS. 
Fig. 6 depicts the EM simulation layout and a photograph of 

the fabricated UWB BPF. The final physical dimensions after  
a full-wave EM simulation are shown in Table II, and the 
results of the simulation and measurements of the S-
parameters and the group delay are shown in Figs. 7 and 8, 
respectively. The size of the fabricated filter is 12 mm × 18 
mm.  
 The measured results are in good agreement with those 
obtained from the simulations. As seen in Fig. 7, five TPs 
were obtained in the passband. The measurements indicate 
insertion and return losses of 0.59 dB and 20.75 dB at f0 = 6.85 
GHz, respectively. Similarly, the FBW for the 20 dB return 
loss was 113.2% extending from 3.1 GHz to 11.14 GHz. The 
maximum insertion loss is better than 1.5 dB within the same 
frequency range. Moreover, the group delay for the filter is 
0.24 ± 0.04 ns for the same frequency range. 

IV. CONCLUSION 

This paper has demonstrated the design and implementation 
of high return loss ultra-wideband bandpass filter with a loose 
coupling of coupled line. The propose structure may be 
created five transmission poles at the passband. With a loose 
coupling of coupled line, the propose structure can be 
implemented on conventional microstrip line. The UWB BPF 
was designed and measured for verifies the design method. 
The propose circuit can be obtained a compact size, simple 
topology, and high return loss. 
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