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ABSTRACT 

Miniaturized Ultra-Wideband (UWB) microstrip bandpass filter with wide passband is presented. The filter is devel-
oped based on modified multiple mode resonator, which is formed by transversely attaching three pairs of non-uniform 
and folded stubs with lowpass and highpass sections. Both sides of high-impedance section are linked with two feed 
lines via direct coupled lines, resulting UWB bandpass filter. The designed filter provides 7 GHz passband between 2.5 
and 9.5 GHz with approximately, –0.5 dB insertion loss, –35 dB minimum return loss at 6.85 GHz, linear phase over 
the passband and 110% of fractional bandwidth at –3 dB. The computed group delay variation in the passband for the 
filter is 0.02 ns. The overall dimension of the filter is 10.7 mm (length) × 3 mm (width) × 1.6 mm (thickness). 
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1. Introduction 

The Ultra-Wideband (UWB) wireless communication 
technology has received greater attention after the Fed-
eral Communications Commission (FCC) decision to 
permit the unlicensed operation band from 3.1 to 10.6 
GHz in February 2002 [1]. UWB filter is one of the most 
effective sub-systems of receiver used in controlling the 
spectrum of radio frequency signals. Researchers have 
been working towards the development of UWB filters 
with different geometries and design methodologies for 
more than one decade [2-10]. 

UWB filters having percentage fractional bandwidth 
of 110%, low insertion loss over the operating band, 
good performance at low frequency and a flat group de-
lay are the major difficulties faced by the researchers 
while designing them [2]. Nevertheless, UWB filters 
with improved performances through different methods 
and structures [3-8] are discussed in the literature. The 
proposed UWB filter based on modified Multiple Mode 
Resonator (MMR) being discussed in this paper yields 
the response exactly (S11 and S12) as that of [3], which is 
a bandpass filter using Conductor Backed Co-planar 
Waveguide (CBCPW) back to back transition structure. 
CBCPW technology has unwanted bulk modes due to its 
parallel-plate modes [4], which is the main drawback of 
this structure. Moreover, the back to back transition has a 
complex design and difficult to fabricate.  

In this paper, the UWB bandpass filter with wide pass-
band and small size is developed and compared with ex-
isting structures. The features of the developed filter are 
compact in size with 10.7 mm in length against 16.0 mm 
in [3] and 12.5 mm in [6], good passband (insertion loss 
is about –0.5 dB at 6.85 GHz in simulation) and –3 dB 
passband from 2.5 to 9.5 GHz. Thus the developed filter 
offers a wide out-of-band rejection bandwidth and good 
performance in terms of group delay. This is fabricated 
using FR4 substrate with dielectric constant of 4.4, loss 
tangent 0.0004 and thickness of 1.6 mm. It is character-
ized and optimally designed using electromagnetic (EM) 
simulator, IE3D, which is part of the Zeland software 
package. 

The rest of the paper is organized as follows: In Sec-
tion 2, geometry, design and analysis of the developed 
UWB bandpass filter are discussed. Results and discus-
sion are presented in Section 3. Section 4 concludes the 
paper. 

2. Geometry and Analysis of UWB Bandpass 
Filter 

The geometry of the proposed UWB bandpass filter is 
depicted in Figure 1 and a snap shot of fabricated band-
pass filter is shown in Figure 2. This filter consists of 
three pairs of transversely connected stub-loaded modi-
fied MMR in the center section with two identical direct  



Development of Compact Ultra-Wideband (UWB) Microstrip Bandpass Filter 334 

 

Figure 1. Proposed UWB bandpass filter geometry. 
 

 

Figure 2. Snap shot of fabricated bandpass filter. 
 
coupled lines in the left and right sections. Out of three 
transverse stubs, two of them are folded one. During de-
sign, the dimensions of folded stubs are properly trimmed 
to obtain its –3 dB higher frequency cut-off near 10 GHz. 
The middle section of the constituted MMR exhibits an 
excellent lowpass property and it is linked with external 
feed lines via direct coupled. 

The presented UWB filter is the combination of a low-
pass and a highpass filter using microstrip technology. 
The compact and low-loss nature of this filter is realized 
in microstrip line. The microstrip line filters are proved 
as versatile and low loss medium for filter design [8]. For 
the lowpass filter section, very high characteristic im-
pedance is required. It is achieved with narrow stripline. 
For the highpass filter section, strong broadside coupling 
between wide line section and ground substrate is re-
quired to increase the inductance value, which results in 
small size and a wide passband filter response. 

The physical parameters of the proposed bandpass fill-
ter are optimized to the following values, G1 = 0.25 mm, 
G2 = 1 mm, G3 = 0.05 mm, G4 = 0.10 mm, G5 = 0.15 
mm, L1 = 1 mm, L2 = 9.8 mm, L3 = 3.2 mm, L4 = 3.15 
mm, L5 = 6 mm, H1 = 1 mm, and W = 3 mm to cover 
the entire UWB range of indoor mask. The minimum 
strip width and gap distance used in this structure are 
0.10 mm and 0.05 mm respectively. The 3 mm long 
lowpass section (left side of the structure) consists of two 
open stubs and a distance gap. The length of the modified 
MMR with folded stubs is 3.20 mm and the length of the 
highpass filter section (right side of the structure) is 3.15 

mm which comprises a uniform impedance resonator 
with three vertical limbs. To improve the resulting return 
loss while combining lowpass and highpass filters, a sec-
tion of transmission line of 4.35 mm length is added be-
tween the two filter portions, resulting in an overall filter 
length of 10.7 mm. 

3. Results and Discussions 

The comparison of simulation and measured insertion 
and return losses of the developed bandpass filter is de-
picted in Figure 3. From the responses, it is clear that the 
filter provides ultra-wide passband from 3.1 to 10.6 GHz, 
very low and flat insertion loss of –0.5 dB and the mini-
mum return loss of –35 dB. The measured in band inser-
tion loss is about –1.5 dB at 6.85 GHz and return loss is 
about –37 dB at 9.4 GHz. The developed bandpass filter 
is more compact with comparable performances than 
filters available in the literature. Comparison of some of 
the filters with respect to their geometry, size and per-
formance is tabulated in Table 1. 

As shown in Figure 2, the two 50 ohm transmission 
lines are extended to accommodate the SMA connector 
to the scalar network analyzer for measurement. Using 
Hewlett Packard Network analyzer the insertion loss and 
return loss of the fabricated filter are measured. The 
measured results are well comparable to the simulated 
results. The small discrepancy between them might be 
due to fabrication tolerance. 

The dimension of the entire filter structure comes 
around only 10.7 mm (length) × 3 mm (width). It is more 
compact in size with comparable performance than the 
filters available in the literature. To illustrate the dimen-
sion contraction achieved through the suggested filter in 
this paper, it is compared with filter discussed in [9] and 
understood that the developed filter consumes only 13% 
of the substrate of that filter which is equal to the size 
reduction of around 87%. It is also noticed that the filter 
has size reduction of 83% against the filter presented in 
[8] and, here, the proposed filter only takes 17% of its 
substrate area. In Figure 4, the simulation group delay 
for the filter is shown. Group delay variation in the pass-
band of the filter is ±0.02 ns. Figure 5 shows the simula-
tion phase of S21 for the filter. The response shows that 
the phase of S21 throughout the passband of developed 
filter is acceptably linear for UWB applications. 

4. Conclusions 

In this paper, miniaturized UWB bandpass filter with 
improved passband is designed, developed and charac-
terized. The developed filter with passband of 7 GHz 
from 2.5 to 9.5 GHz has insertion loss of –0.5 dB and 
return loss of around –35 dB. The –3 dB percentage frac-
tional bandwidth for the same is 110%. The computed  
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Figure 3. Comparison of simulation and measured insertion 
and return losses of the proposed and developed bandpass 
filter. 
 

 

Figure 4. Simulation group delay of proposed bandpass filter. 
 

 

Figure 5. Simulation phase of the S21 of the proposed band-
pass filter. 

Table 1. Comparison of developed filter with best reported 
UWB bandpass filter in the literature. 

Parameters/Ref. [2] [3] [8] This work

S21 (dB) - - <–1 –0.5 

S11 (dB) >–15 - >–30 –35 at 6.85

FBW (%) 110 - - 110 

Group delay (ns) 0.3 – 0.6 0.2 – 0.48 <0.4 0.02 

Size (mm2) 15.5 × 15.53 15.29 × 5.68 20 × 19.4 10.7 × 3

Geometry/Method CPW CBCPW DGS SSL 

Substrate RO4350B DUROID DUROID FR4 

 
group delay variation in the passband for the filter is 0.02 
ns. The overall dimension of the filter is 10.7 mm (length) 
× 3 mm (width) × 1.6 mm (thickness). Thus the devel-
oped filter results in optimal performance in terms of 
scattering parameters, group delay and phase response to 
operate in the band of 3.1 - 10.6 GHz, which is suitable 
for UWB wireless systems. 
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