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Abstract 

This paper is an attempt of designing a compact stepped impedance low pass filter using material Rogers_RT_Duroid6010 with 
dielectric constant, tangent loss and height of 10.2, 0.0027 and 1.58mm respectively. This proposed method is highly effective for 
C frequency band. In this paper microstrip lines are arranged in such a way that the size of filter is effectively reduced by using 
an empirical expression. Radio Frequency (RF) filters operating in the microwave frequency range which is needed for 
applications like radar and satellite communications while the C band is used for long Distance Radio telecommunication. These 
applications demand high performance filters that can contribute as little as possible to a system’s size and cost. This filter is 
planned to design and optimize at a center frequency of 5 GHz and operating between 4.5 GHz to 5.5 GHz range of frequencies. 
Advanced Design System (ADS 2011_10) simulation tool is used to simulate a prototype of stepped impedance filter using 
lumped and distributed component for using at 5GHz cut off frequency. Experimental results give comparison, how compact the 
modified design with the prototype design. 
 

Keywords: LF, Stepped impedance, Butterworth response, Agilent ADS.  
 

1. Introduction 
 
        A filter is a tool that can pass a specific frequency band. In this manner a low pass filter is defined as a filter 
that can passes low frequency signals and attenuates the amplpitude of signals with frequencies higher than the cut-
off frequency. It is also used as different type of filter like Hiss filters for audio signals processing and as an anti-
aliasing filter for signal conditioning. The actual amount of attenuation for each frequency varies depending on 
specific filter design. It is sometimes also known as high-cut filter, or treble cut filter in audio applications. The 
rapid growth in commercial microwave communication systems had been developed. Hence microstrip technology 
play important role in many RF or Microwave applications. Emerging application such as wireless communication 
continue to challenge RF/Microwave filters with ever requirement higher performance, smaller size, lighter weight 
and lowest cost. The broadband wireless access (BWA) is an important issue in current developments of the modern 
wireless communication system. To meet this trend, the low pass filters with relatively wide bandwidth are 
frequently required. Stepped impedance is commonly called Hi-Z, Low-Z Filters. Its electrical performance is 
inferior to other implementations so often used to filter unnecessary out-of-band signals.  
 
To achieve compact size filter, printed circuit technology is preferred due to advantages of easy fabrication, low cost 
and easy integration. Convention methods of filter design are using shunt stubs or using high and low impedance 
lines. In convention design, there are large numbers of inductive and capacitive elements are needed to obtain 
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sharper roll-off characteristics but lead to large size. Earlier several methods are implemented for reducing the size 
of filter. Here an empirical expression is derived to reduce the size of stepped impedance filter using material 
Rogers_RT_duroid6010 for 5GHz centre frequency. 
 
In high speed PCB designs, signals must be routed from one part to another with the characteristics of minimal 
distortion and better response so in this microstrip designs are used, thus tried to avoid high cross talk and radiation 
losses.  Microstrip transmission line is the most used planar transmission line in Radio frequency (RF) applications. 
Low pass filter could either be realized using lumped components or distributed components. Lumped components 
consists of discrete elements like inductors, capacitors etc. Distributed elements consist of transmission line sections 
which simulate various inductance and capacitance values. It is hard to realize filters with lumped elements because 
at frequency above 1GHz, the dimensions of the electronic components are comparable with the wavelength of the 
signal as a result of which there could be distribute effects [1]. However transmission line filters are easy to 
implement and are compact at this frequency.     

 
2. Lowpass Configuration and Design Procedure 
In microwave filter, we can design and simulate Low pass lumped element filter circuit sections by way of coaxial 
lines, waveguides, microstrips lines or cavity resonator etc. [2]  

The equivalent values of lumped elements can be derived in terms of frequency. [3] 

In this paper, we use insertion loss method for designing lowpass filter. Basic design steps of lowpass filter 
operating at random frequency are designed with the prototype low pass filter by using following steps: 

i):    Impedance transform 

ii):   Frequency transformer 

iii): Normalization and simulation of elements by steps of microstrip 

iv):  Designing prototype lowpass filter with specified frequency 
v):  Transformation of this low pass prototype filter to the desired filters ( bandpass, bandstop, highpass or lowpass) 

with desired centre frequency and band-width. 

vi):  Realization of filter by using sections of microwave transmission lines. 

vii): calculate the modified value of lengths and widths according to the empirical equations. 

viii): design and simulate compact filter model. 

 
Fig.1:  Design flow diagram for compact filter design 

 

Filter realization: These stepped impedance low pass filters is realized in series combination of high pass and low 
pass impedance sections of microstrip lines. The prototype low pass stepped impedance filter is shown below.  
 

 
 

Fig.2: Realization of filter using LC components 
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 Fig.2 gives the circuit implementation of the filter by means of concentrated components like inductors (L) and 
capacitors (C). The component values can be calculated with the following rules-  
 

Normalized frequency = (  )                                                                                                       …. (1) 

 
 Where w = 5.2 GHz 
                 And wc= 5 GHz 
 
                                                                                              …. (2) 

This low pass filter order is 6 for insertion loss around 30 db at 5.2 GHz [1].  The normalized values are as follows: 
g1 = 0.517=C1, g2 = 1.414=L2, g3 = 1.932=C3, g4 = 1.932= L4, g5 =1.414= C5, g6= 0.517 = L6 
The value of Lumped elements is decided by normalized element values as shown above. The filter is realized by 
following the steps mentioned in fig.1. At the left the source is connected and the load is connected to the right. The 
filter could be reversed without affecting the response. 
 
 

 
 

Fig 3: Stepped impedance implementation 
 

 
 

Fig 4:  Microstrip layout of final filter 
 
 
The series inductor can be replaced by high impedance line section Zo = Zh and shunt capacitor can be replaced with 
low impedance line section Zo = Zl. the ratio Zh/Zl should be as large as possible for the better response to be 
obtained. The range for Zh and Zl are beteween 100 to 150 Ω and 10 to 15Ω respectively. In this design, Zh is 120Ω 
and Zl is 20Ω. 
 

  (Inductor)                                                                                                                                               ...… 

(3) 
 

 (Capacitor)                                                                                                                                              ...… 

(4) 
 
Equation (3) and (4) are used to replace series inductors and shunt capacitors with sections of low and high 
impedance microstrip lines. The required physical lengths  and physical length Li and width Wi of 
microstrip lines are shown in table. 
In this paper, we used material Rogers_RT duroid 6010 with constant 10.2. Here 3 tables show material with electric 
lengths and widths of the required stepped impedance low pass filter and the modified lengths and widths according 
to the formula given below.[4] 

        ...…. (5) 

 

Ck= {150*Zo}gk/{3.14*f(x)  Zhigh}        ...…. (6) 
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Lk+1= {150*Zlow}gk+1 /{3.14*f(x)  Zo}       ...…. (7) 

 

Where f(x) = 9.39x4-37.43x3+54.9x2-33x+7.37       ...…. (8) 

 Where x is cutoff frequency 

 

Calculated value of Eleff and Eceff are 5.918 and 8.1057 respectively with selected widths of 0.0912930mm and 8 
mm respectively. The length of each stage is chosen to be Li (Li is the guided wavelength), which corresponds to an 
electric length (Eeff) of 900. Using Line Calc tool in ADS, Li and Wi can be calculated. To match with the 50 ohm 
circuit, MLIN (Microstrip Line) components are added to both sides of the filter whose characteristic impedance is 
50 ohms. The length and width of the transmission line sections are found using the Line Calc tool. 

Section Zi or ZL  or  
ZH  (Ω) 

βl l  or βlc Wi(mm) 
(prototype filter) 

Li (mm) 
(prototype filter) 

Modified 
Wi (mm) 

Modified 
Li (mm) 

1 20 11.84 6.5463500 0.70073280 8.0000000 0.610700 
2 120 33.8 0.0912930 2.31559272 0.0912930 2.036371 
3 20 44.3 6.5463500 2.62182900 8.0000000 2.282300 
4 120 46.1 0.0912930 3.15824925 0.0912930 2.782360 
5 20 32.4 6.5463500 1.91752460 8.0000000 1.670390 
6 120 12.3 0.0912930 0.84265652 0.0912930 0.744500 

 
Table 1: Electrical lengths and widths of prototype and modified filters 

 

3. Filter Specification 

This table gives the specifications of the prototype filter and proposed modified low pass filter. 

 

Response type Butterworth  (or) maximally flat Butterworth  (or) maximally flat 

Dielectric Material  Rogers_RT_duroid6010 Rogers_RT_duroid6010 
Centre Frequency 5 GHz 5GHz 

Reflect ratio -26 dB -26dB 

Source and load impedance 50 ohm 50 ohm 

Substrate height 1.58mm  1.58mm 

Dielectric constant 10.2 10.2 

Dielectric Loss angle 0.0027 0.0027 

 
Table 2:  Response and characteristics of filter respective to different materials 

 

4. Simulations of prototype and modified filter 
This schematic diagram of the LP using lumped element fig5 produces corresponding output waveform S(2,1) that is 
plotted with respect to frequency as shown in Fig.6. Graph shows that the signal attenuation at 5GHz, beyond 
500MHz, filters with discrete components are difficult to realize because the wavelength becomes comparable with 
the physical filter element dimensions, resulting in various losses severely degrading the circuit performance. Thus 
to achieve at practical filters, the lumped component filters must be converted into distribution element realizations 
using ADS simulation software tool.[5] 
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Fig 5: Lumped structure for stepped impedance filter 

 
Fig 6: Simulation graph (S21, S11) of lumped structure 

 
Using material Rogers_RT_duroid 6010 the schematic structure, S21 (reflect ratio) and S11 (return loss) response 
without tuning operation and with tuned operation are shown below. 
 

 
Fig 7: Schematic layout of stepped impedance low pass filter (prototype filter) 
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Fig 8: Simulation graph (S21, S11) of Schematic layout of stepped impedance low pass filter 
 
 
 

 
 
 
 

Fig 9: Layout generated from schematic structure of stepped impedance filter 
 
 

Now from the calculated values of Ck  , Lk+1 and dimensions of the layout of modified stepped impedance filter. 
Design the schematic structure and the design the layout structure of the modified filter as shown in figure 10 and 
11. After the layout design simulate the modified filter using the ADS 2010_11 software tool and produce the 
simulation result.[6] 
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Fig 10: Schematic layout of stepped impedance low pass filter (prototype filter)  
 

  
 

Fig 11: Simulation graph (S21, S11) of Schematic layout of modified compact stepped impedance low pass 
filter 

 
 

 
 

 Fig 12: Layout generated from schematic structure of modified & compact stepped impedance filter 
 

 

The simulation result of microstrip filter simulation is shown in the Fig8 and 12. In the plot we find out that the 
centre frequency of the filter has slightly deviated from the specified frequency 5GHz.To reach the optimal or 
specified request we adopt the tuning design owing by ADS numerical software based on method of moment. The 
modified layout shows the compact design of filter.   
 

5. Conclusion 
 
The modified filter has been designed with dielectric material with constant 10.2, substrate height 1.58mm and 
copper thickness is 0.0127mm. By using the empirical formula and consider width for capacitive section and 
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inductive section are 8 mm and 0.0912030mm. Calculated dimensions of filter give compact design hence size of 
the filter is approx 20% reduced and the propagation delay is 2.388 ns/ft.  In this paper, stepped impedance micro 
strip low pass filter is designed with Rogers RT_duroid 6010. This filter provides us to achieve better size reduction 
technique. Designing of low pass filter with Butterworth approach in combination with concentrated components, 
i.e. inductors and capacitors and its computational verification in form of stepped impedance microstrip lines with 
Agilent ADS simulation tool gives very good filter characteristics at the center frequency 5 GHz which comes under 
C-band electromagnetic frequency band. The steps involved to design stepped impedance microstrip filter and 
modified low pass filter are also described in this paper. The special calculator, linecalc of ADS is used for 
calculating length and width. The calculated filter parameters are applied to design prototype filter and compact 
filter. The insertion loss occurring in S (2,1) of about  -1dB , primarily due to the tangent loss of the substrate.  By 
analysis the designs and their responses, the modified filter is less in size than prototype lowpass filter. The layout of 
the designed stepped impedance micro strip filter is obtained using the software itself. Thus, finally a compact 
stepped impedance micro strip filter whose reflect ratio is -26dB is obtained. 
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