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Abstract 
 

Filter plays a very important role in many application of RF/microwave/ultra-wideband technology. UWB is a technology which is inter-

ested for researcher since being published on February 14, 2002 by U.S Federal Communication Commission (FCC) which has been ap-

proved including unlisence frequency at the range of 3.1 – 10.6 GHz and designated for commercial communication. As novelty, this re-

search is proposed of miniaturization of ultra-wideband (UWB) bandpass filter microstrip based on folded distributed method frequency 

3.1 – 10.6 GHz. This filter is a depiction of a microstrip substrate Duroid 5880 with relative its dielectric constant as 2.2 and its thickness 

as 0.787 mm. initial dimension of its filter can be calculated by using simulation software ADS 2011. The result of conventional filter de-

sign is fa = 2.80 GHz, fb = 10.48 GHz, BW = 7.68 GHz fc = 6.346 GHz Fbw = 1.210 %. The result of outer folded filter design is fa = 

3.475 GHz, fb = 9.650 GHz, bw = 6.175 GHz fc = 6.562 GHz fbw = 0.941 %. The result of inner folded filter design is fa = 3.400 GHz, 

fb = 9.925 GHz, bw = 6.525 GHz fc = 6.663 GHz fbw = 0.979 %. This result also shows that the usage of UWB outter folded filter has 

reduction the filter size of 4.25 % and for UWB inner folded filter size reduction of 42.85 % in term of filter size. Overall, these results 

indicate that filter has good performance with compact size. 

 
Keywords: Band Pass Filter; Distributed; Folded; UWB. 

 

1. Introduction 

Ultra wideband is a technology which is interested for researcher 

since being published on February 14, 2002 by U.S Federal 

Communication Commission (FCC) which has been approved 

including unlisence frequency at the range of 3.1 - 10.6 GHz and 

designated for commercial communication [1-7]. This technology 

has speed of data up to 480 Mbps, with low EIRP level as (-

41.3dBm/MHz), low power consumption which is only 100 mW 

and with bandwidth as bandwidth as 7.5 GHz. UWB can deliver 

data with the speed of 480 Mbps. UWB system can designed for 

Bluetooth, which is as personal area network (PAN) technology 

which operate with low power and distance of about 10 meters. If 

one video streaming needs 7 Mbps, it means that about 70TV or 

PC which can access one film at the same time. 

To transfer100 Mbit information, information will be divided into 

10 or more parts and passed through 10 carrier frequencies. It is 

what we call as Orthogonal Frequency Division Multiplexed 

(OFDM) which is network technology of UWB. [4] one of tech-

nology which is approximated as the core of supporting access. 

Therefore, it is understandable if UWB can let through high data 

with maximum speed. The advantage of UWB is that is has low 

interference, because the transmission is spread through radio 

spectrum and the signal spread make it hard to be hindered. This 

advantage makes military as first party which adopts short dis-

tance wireless connectivity technology-based system. Because the 

signal produced has low power and spread through spectrum, so 

that the signal can share the space with existing radio communica-

tion and it does not disturb the services. This is important consider 

that nowadays almost all area on radio spectrum has been used as 

services.  

As novelty, this research is proposed miniaturization of ultra-

wideband (UWB) bandpass filter microstrip based on folded dis-

tributed method frequency 3.1 – 10.6 GHz. Purpose of the re-

search is to design and analyze simulation result of compact ultra 

wideband filter at the frequency range of 3.1 up to 10.6 GHz. 

2. Design of UWB band pass filter base on dis-

tributed method 

2.1. Ultra wideband (UWB) technology 

Ultra Wideband (UWB) is a network technology which can be 

used in application of wireless network with data utra fast transfer 

speed classified as short Range Wireless. This technology is an-

other choice of wireless based connection technology such as blue 

tooth and WIFI. As we known the device/gadget improvement that 

needs wireless connectivity improve significantly as life style 

change. The demand of wireless technology development is not 

only in term of availability in an device/gadget but also have to be 

supported by the speed and high bandwidth availability of multi-

ple high bandwidth. This advantage is highly needed in various 

application for example is video streaming, voip and video call 

which is highly need multiple high bandwidth. Technology which 

can accommodate this need is ultra wideband technology. 

http://creativecommons.org/licenses/by/3.0/
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Ultra wideband is a technology which is very highly demanded by 

researcher since its publication on February 14 2002 by US Feder-

al Communication Commission (FCC) which is approved and 

including unlicensed frequency at the range of 3.1 – 10.6 GHz 

which designated for commercial communication. This technolo-

gy has data speed up to 100mW and with the bandwidth as 7.5 

GHz. However UWB working at frequency of 3.1 Ghz-10.6 Ghz. 

[8-40]. 

In 2002 UWB regulation is published by FCC US, which is un-

lisenced frequency with the range of 3.1 GHz, EIRP -41.3 

dBn/MHz and minimum bandwidth of 500 MHz. Standard of 

UWB can be seen at the IEEE 802.15.4a which has been pub-

lished in 2007. This standard explain frequency band with liw 

band at the range of 3.1 GHz- 5 Ghz and upper band range of 6 

GHz-10.6 GHz. IEEE 802.15.3a, standard which explain physical 

layer with high data rate with the range of 110 -480 Mbps and 

range distance less than 10 m. 

2.2. UWB band pass filter based on distributed method 

Filter plays a very important role in many application of RF/micro 

wave. B important application such as wireless communication 

gives challenge for the development of RF filter/ micro wave so 

that it is better than the previous one, has high performance, 

smaller size, lighter and cheaper. Newest improvement in material 

and production technology including High Temperature super 

conductor (HTS), low temperature cofir ceramic, Micro monolith-

ic integrated wave circuit (MMIC), micro electron mechanic sys-

tem (MEMS) and micro machine technology has trigger the rapid 

improvement in microstrip application and other filter for 

FR/micro wave. In improvement of computer assisted tool design 

(CAD), such as simulator electromagnetic wave, has given filter 

design change. Many new microstrip filter with improved filtering 

characteristic has been found. [13] 

Microstrip filter for RF/micro wave application offer unique and 

comprehensive maintenance based on microstrip structure, pro-

vide correlation for application of computer assistant tool design 

and improvement of material and technology. Many material and 

filter which is good using design of computer assistant material 

are discussed, from the basic concept up to practice realization. 

[14-15]. 

One suspending network which designed especially for frequency 

respond or Phase known as filter, block diagram of filter can be 

seen on Figure 1. In its application, filter has to be suitable based 

on frequency respond which has been determined and another 

important thing is shorten delay time and respond of phase and the 

parameter can overcome the change fast. Band Pass Filter is a 

filter that only passing through signal and its frequency attached in 

frequency band or certain pass band. Frequency from signal which 

placed under or above the frequency band, cannot be passed or 

muted by band pass filter circuit. Figure 1 shows respond of band 

pass filter. 

 

 
Fig. 1: The Frequency Response of the Band Pass Filter (BPF). 

 

In making a filter there is a calculation to determine the size 

(length and width) for stubs to make. These stubs represent the 

electric length θc from the predetermined frequency of fc is sepa-

rated by connecting line (unit element) from electric length 2θc.  

 

 
Fig. 2: Optimum Distributed Filter Method. 

 

The characteristic of filter transmission shown in Figure 2, in 

which f is variable frequency and θ is electric length, which is 

proportional with f. 

 

θ = θc
f

fc
                                                                                       (1) 

 

This filter has pass band frequency from θc up to π – θc with the 

cut off at θc. Harmonization happen periodically and centralized at 

θ =3π/2, 5π/2,..,is separated by atenuasi pole which is located at 

θ= π, 2 π. Transfer function in insertion loss from figure 1 as char-

acteristic of filtering can be explained by: 

 

|S21(θ)|2 =
1

1+ε2FN
2 (θ)

                                                                   (2) 

 

Where ε is constant wave of pass band, θ is dielectric length as 

explained at (3.10) and FN is filtering function obtained from: 

 

FN(θ) =
(1+√1−xc

2)T2n−1(
x

xc
)−(1−√1−xc

2)T2n−3(
x

xc
)

2cos(
n

2
−θ)

                           (3) 

 

Where n is number of stub short circuited, 

 

x = sin (
π

2
− θ) , xc =  sin (

π

2
− θc)                                            (4) 

 

And Tn(x) = cos(n cos-1 x) is function of Chebyshev of first type 

of n degree. 
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Fig. 3: Characteristic of Optimum Distributed Filter. 

 

This Filter cutoff frequency (fc) at 3 GHz and 0.1 dB wave pass 

band up to 12 GHz. From that specification, dielectric length θc 

can be found by: 

 

(
π

θc
− 1) fc = 12                                                                           (5) 

 

It explain that θc = 36˚ from Table 1, using element value for n = 6 

and θc = 35˚, which will give a wider pass band up to 12,4 GHz. 

Through ekstrapolation from value of element shown id in table 1, 

element value of θc = 36˚ is found. 

 
Table 1: Element Value from Optimum Distributed Filter with the Wave 

of zero, 1 Db 

 
 

From element value on table 1 it shows element value of y1 for n = 

6 and θc = 36˚ as: 

 

𝑦1 = 0.48096 +  (
0.48096−0.35346

5
× 1) = 0.50646  

 

By having the same way, the remain of element value can be cal-

culated as: 

 

𝑦1,2 = 1.014808, 𝑦2 = 0.50873, 𝑦2,3 = 0.93857, 𝑦3 =

0.825322, 𝑦3,4 = 0.972984  

 

This filter is ended double by Z0 = 50 Ω, related to impedance 

characteristic the line is ended by: 

 

𝑍𝑖 =  
𝑧𝑜

𝑦𝑖
                                                                                         (6) 

 

𝑍𝑖,𝑖+1 =  𝑍𝑜/𝑦𝑖,𝑖+1                                                                        (7) 

 

By using equation (6) and (7) impedance characteristic for line 

element is Z1 =98.72Ω, Z2 = Z5 = 98.28 Ω, Z3 = Z4 = 60.58Ω, Z1,2 

= Z5,6 = 49,27Ω Z2,3 = Z4,5 = 53.37Ω, and Z3,4 = 51.39Ω. this filter 

is a depiction of a microstrip substrate Duroid 5880 with relative 

its dielectric constant as 2.2 and its thickness as 0.787 mm.  

 

Table 2: Data sheet of Rogers Duroid 5880 

 
 

Initial dimension of its filter can be calculated by using simulation 

software ADS 2011. 

3. Simulation result and discussion 

In this filter simulation making it was used ADS 2011 software, 

and the initial making was from schematic first, it was not directly 

at the layout making. This is aim to ease and fasten in term of 

iteration, because in conducting a filter simulation on schematic is 

faster because at the time of schematic process is still the rough 

sketch of which the accuracy is not good yet if it wanted to pro-

duce, refer to the filter design on schematic and simulation result 

on schematic shows ideal result. In this schematic design making 

filter by using existing component of toolbox arrange to be filter. 

Components which will be used in filter making on schematic are 

MLIN, MTEE, VIAGND, PIN, TERM, GROUND, S PARAM, 

VAR and MSUB. These components were arranged up to become 

ultra wide band filter as desired. In this filter making using Rogers 

Duroid 5880 substrate as can be seen more detail on table 4.1. in 

this schematic making process it has not finished yet because the 

next step was on the layout because possibly the result of schemat-

ic changed at the time it was being conducted in layout 

eventhough the change is not significant but it can not be neglect-

ed, probably the filter made change into better one the simulation 

result or vice versa when the filter running lay out. 

3.1. Design of ultra-wide band (UWB) conventional stub 

filter [model-1] 

In UWB conventional filter with 10 stubs this is one of the ways 

to obtain frequency of UWB filter which is at the range of 3.1 up 

to 10.6 GHz. The table below is the figure if conventional UWB 

with 10 stubs using ADS 2011 application. This UWB filter is 

arranged with several components, with different length and width. 

For length and width of this conventional UWB filter it can be 

seen on figure 4 with the note of: W1 = 0.67, W2 = 0.68, W3 = 

1.75 W12 = 2.431, W23 = 2.16, W34 = 2.28, L1 = 2.431, L2 = 

15.63, L3 = 15.69, L4 = 15.66, L12 = 8.11, L22 = 8.11, L23 = 7.9. 

for length unit and width used in this UWB filter using unit of mm 

(millimeter). 
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Fig. 4: Scheme of Conventional UWB Filter [Model 1]. 

 

 
Fig. 5: Schematic of Conventional UWB Filter in Software of ADS [Mod-

el 1]. 

 

In Conventional UWB filter figure 5 using Rogers Duroid 5880 

substract which has dielectric constant as 2.2 and thickness as1.27 

mm. The next step after schematic is finished is scheme conver-

sion into layout for cloe to real result. Figure 7 shows the filter 

design in a form of 10 arrows of stubs. The length of UWB filter 

is 154.7 mm with the distance between stubs is 15.7 mm, the 

length of the stub is 8.5 mm with two ports in each tip. 

 
(A) 

 
 

(B) 

 
Fig. 6: Result of a) Insertion loss, b) Return Loss of Conventional UWB 
Filter [Model-1]. 

 

In this first iteration the result obtained is the initial frequency 

located in frequency of 2. Ghz and the final frequency was in the 

frequency of 10.4 GHz. In term of requirement for UWB filter, it 

has fulfilled the requirement which is the length of the frequency 

is at 3.1 up to 10.6 GHz but in the UWB filter design has length of 

15.7 mm classified as non efficient because it is too long however 

it has fulfilled the requirement as UWB filter. The result of con-

ventional filter design : fa = 2.80 GHz, fb = 10,48 GHz, bw = 7.68 

GHz fc = 6.346 GHz fbw = 1.210 %. 

3.2. Design of ultra-wide band (UWB) based on folded 

distributed method (outer folded) [model-2] 

The design of ultra wide band outer folded filter is the second 

iteration with the filter design which initially was formed in row it 

was then changed into u shape with its stubs spread along with the 

U-shaped filter. This is aim to increase efficiency in term of de-

sign which is previously it was too long so that there was an idea 

to fold the filter which initially straight change into U-shape which 

has the aim to increase the efficiency in term of design but still 

fulfilling the requirement of UWB filter. The following figure 

shows the design of ultra wide band outer folded filter using ADS 

2011 software. 

U shape design in outer folded UWB filter is arranged with differ-

ent components and different length and width, to find out the 

length and the width of outer folded UWB filter, it can be seen on 

figure 7 the explanation is: W1 = 0.67, W2 = 0.68, W3 = 1.75 

W12 = 2.431, W23 = 2.16, W34 = 2.28, L1 = 2.431, L2 = 15.63, 

L3 = 15.69, L4 = 15.66, L12 = 8.11, L22 = 8.11, L23 = 7.9, L34 = 

1.98. for the unit of length and width in UWB filter making is mm 

(millimeter) and for filter making it was used Rogers Duroid 5880 

substrate. 

Simulation result of the design, at the initial frequency of UWB 

filter is different at the frequency of 3.475 Ghz and the final fre-

quency was 9.650 GHz. The design on figure 8 has total length of 

filter was 62.4 mm which is previously was 154.7 mm, and filter 

width as 38.3 mm which was previously was 10.9 mm.  

 

 
Fig. 7: Scheme of UWB Filter Based on Folded Distributed Method (Out-

er Folded) [Model-2]. 

 

 
Fig. 8: Schematic of UWB Filter Based on Folded Distributed Method 

(Outer Folded) in Software of ADS [Model-2]. 

 

From figure 8 can be seen the design which initially has to be 

change into U-Shape with the stub placed at outer part of the bend. 
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It aims in order that UWB filter is more efficient in term of square 

therefore the design is changed. 

 
(a) 

 
 

(B) 

 
Fig. 9: Result of (a) Insertion loss, (b) Return Loss of UWB Filter Based 
on Folded Distributed Method (Outer Folded) [Model-2]. 

 

In term of simulation UWB filter has decrease which was previ-

ously at conventional UWB filter it had initial frequency of 2.8 

Ghz and had final frequency of 10.4 GHz. However in term of 

filter length, outer folded UWB filter has advantage which previ-

ously has length of 154.7mm change into 62.4 mm and has effect 

at filter width which increase from 10.9 mm into 38.3 mm. 

3.3. Design of ultra-wide band (UWB) based on folded 

distributed method (inner folded) [model-3] 

Design of Ultra Wide Band Inner Folded Filter is third iteration 

from Ultra Wide Band Inner Folded Filter. The distinctive differ-

ence in stub spread at the bend, which previously at the iteration 

both stubs spread around the filter but at the third iteration. It can 

be seen that distinctive difference in second iteration, on figure 10 

the stubs which are initially at the second iteration of ultra wide 

band inner folded filter located at the outer side encircle filter 

 

 
Fig. 10: Scheme of UWB Filter Based on Folded Distributed Method 
(Inner Folded) [Model 3]. 

 

 
Fig. 11: Schematic of UWB Filter Based on Folded Distributed Method 

(Inner Folded) in Software of ADS [Model 3]. 

 

Meanwhile at the third iteration ultra-wide band inner folded filter, 

the stubs were on the inside of the filter. In term of length effi-

ciency, ultra wide band inner folded filter has filter length as 67.6 

mm which was previously was 62.4 mm, at third iteration filter 

length was longer because of the adjustment in order that the re-

sult still fulfill the requirement of ultra wide band filter. So that 

the length of the filter is a bit longer from second iteration. And 

for the width of ultra wide band inner folded filter reduce which 

was previously was 38.3 mm change to 21.0 mm. There was dis-

tinctive change at filter width at second iteration from 38.3 mm to 

21.0 mm, it makes ultra wide band filter is more efficient than 

before in term of width and length which change at the second 

iteration.  

The U design of outer folded UWB filter was arranged from dif-

ferent components as well as length and width of different compo-

nent, to discover the length and the width of outer folded UWB 

filter it can be seen on figure 10 as explained , W1 = 0.67, W2 = 

0.68, W3 = 1.75 W12 = 2.431, W23 = 2.16, W34 = 2.28, L1 = 

2.431, L2 = 15.63, L3 = 15.69, L4 = 15.66, L12 = 8.11, L22 = 

8.11, L13 = 1.8, L23 = 7.9. The length and width unit is mm (mil-

limeter). And for filter making the substrate used was Rogers Du-

roid 5880 substrate.  

In schematic of UWB filter figure 12 using Rogers Duroid 5880 

substrate which has 2.2 dielectric constant and 1.27 mm thickness. 

The next step after schematic is finished the scheme conversion 

into layout for close-to-real result. 

 
(A) 

 
 

(B) 

 
Fig. 12: Result of a) Insertion loss, b) Return Loss of UWB Filter Based 
on Folded Distributed Method (Inner Folded) [Model-3]. 
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The result obtained from simulation using ADS 2011 software 

from ultra-wide band inner folded filter, initial frequency of the 

filter was 3.40 GHz and the final frequency was 9.925 GHz, it had 

fulfilled the requirement of ultra wide band filter which is at the 

range of 3.1 to 10.6 GHz. At the third iteration at ultra wide band 

filter the width of frequency was smaller than previous ones, this 

was due to drastic change in filter design which was initially 

straight with rows of stubs has good result at the frequency of 2.8 

GHz – 10.4 GHz which fulfill the requirement as ultra wide band 

filter with the range of 3.1 to 10.6 GHz. In term of iteration result 

it can categorized into ultra wide band filter because of the ribbon 

width which was at the frequency of 3.4 GHz-9.925 GHz, alt-

hough it did not reach the initial and end limit of the frequency 

determined for ultra wide band filter. However if it is compared to 

the third iteration the inner folded is more efficient in term of de-

sign because this design simplify initial shape which initially very 

long into simpler U-shape. 

 
Table 3: Comparison of UWB BPF Performance 

Performance 

Conventional 

Filter [Model 
-1] 

Outer Folded 

Filter [Model 
-2] 

Inner Folded 

Filter [Model 
-3] 

Lower band fa (GHz) 2.80 3.475 3.40 

Upper band fb (GHz) 10.48 9.650 9.925 

Center frequency fc 
(GHz) 

6.346 6.562 6.663 

Bandwidth BW 

(GHz) 
7.68 6.175 6.525 

Fractional Bandwidth 

FBW (%) 
1.21 0.941 0.979 

Size (cm2) 24.96 23.899 14.264 
Size reduction - 4.25 % 42.85 % 

4. Conclusion 

This research is proposed of miniaturization of ultra-wideband 

(UWB) bandpass filter microstrip based on folded distributed 

method frequency 3.1 – 10.6 GHz. This filter is a depiction of a 

microstrip substrate Duroid 5880 with relative its dielectric con-

stant as 2.2 and its thickness as 0.787 mm. initial dimension of its 

filter can be calculated by using simulation software ADS 2011. 

The result of conventional filter design is fa = 2.80 GHz, fb = 

10,48 GHz, BW = 7.68 GHz fc = 6.346 GHz Fbw = 1.210 %. The 

result of outer folded filter design is fa = 3.475 GHz, fb = 9.650 

GHz, bw = 6.175 GHz fc = 6.562 GHz fbw = 0.941 %. The result 

of inner folded filter design is fa = 3.400 GHz, fb = 9.925 GHz, 

bw = 6.525 GHz fc = 6.663 GHz fbw = 0.979 %. This result also 

shows that the usage of UWB outter folded filter has reduction the 

filter size of 4.25 % and for UWB inner folded filter size reduction 

of 42.85 % in term of filter size. Overall, these results indicate that 

filter has good performance with compact size. 
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