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Abstract: Non-reflecting frequency-selective circuits (NFSC) based on coupled strip lines 

(CSL) and lumped RLC-elements are investigated. The frequency characteristics of NFSC are 

analyzed for known design parameters of CSL, and parameters of RLC-elements. It is shown 

that the use of the proposed circuits containing a section of coupled lines, the diagonal ports 

of which are loaded with the impedance of RLC circuits on lumped elements, makes it possi-

ble to obtain the frequency response of a bandpass filter with a minimum reflection coefficient 

from the input and output in a single passband and stopbands in a wide frequency range. The 

inverse problem of determining the impedance of RLC circuits from lumped elements based 

on a given scattering matrix of the NFSC has been solved. The parameters of non-reflecting 

filters based on the proposed circuits have been experimentally confirmed: losses of –2.1 dB 

at a central frequency of 949.2 MHz of a passband of 174.1 MHz; return losses of no more 

than – 10 dB up to a frequency of 7.5 GHz in the entire frequency range. 

Keywords: coupled strip lines, non-reflective bandpass filter, lumped elements, RLC-

circuit, frequency characteristics. 

1. Introduction 

Combining the property of frequency selectivity and minimal reflection in 

a wide frequency band is a non-trivial task. The solution to this problem opens 

up new possibilities for designing non-reflective filters, amplitude correctors and 

other devices. The problem is that when designing bandpass filters based on 

coupled lines, we obtain in the stop band a reflection coefficient 11S  close to 

unity. The presence of reflections at out-of-band frequencies can lead to the oc-

currence of intermodulation distortions in the equipment. As is known, return 

losses determine the portion of signal power that does not enter the device due to 

signal reflection from its input. Losses of microwave power conversion into heat 

due to finite conductivity of conductors and imperfection of dielectrics are con-

sidered undesirable, worsening the quality of the band-pass properties of the cir-

cuit and, in particular, band-pass filters. The presence of signal reflections at 

out-of-band frequencies is undesirable in a number of cases. This applies to mul-

tichannel systems, to circuits containing nonlinear elements. Therefore, the di-

rection of creating non-reflective filters, which are also called absorption filters, 

has recently begun to develop [1]. If the reflection coefficient in the rejection 

band 11
НS  is chosen as the criterion, then the variety of microwave circuits can be 

divided into two types: microwave reflective circuits (RC) with reflection coef-

ficient 11 1НS  ; non-reflective circuits (NC) with reflection coefficient 11 0НS  . 
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Reflective circuits are built based on high-quality resonators formed by sections 

of strip lines and coupled strip lines (CSL).  

Non-reflective circuits, as well as RCs, can be divided according to the use 

of distributed and lumped elements: 

1) NCs based on lumped RLC elements [2]; 

2) NCs based on sections of loaded strip lines [3]; 

3) NCs including coupled strip lines (CSL) [4]. 

In this paper, we consider non-reflective microwave circuits based on CSL 

and lumped RLC-elements. The goal is to solve the problem of modeling non-

reflective frequency-selective circuits with the proposed structural diagram for 

given design parameters of the CSL and different RLC circuits. 

The problem of finding the frequency dependence of the impedance of 

RLC circuits, necessary for implementing the required frequency dependence of 

the transmission coefficient and reflection coefficient of non-reflective circuits, 

is solved using non-reflective filters as an example. 

1. Designs of microwave devices and their equivalent circuits in the form of 

non-reflective circuits 

Fig. 1 shows a three-dimensional model of a device on coupled strip lines 

with the inclusion of concentrated RLC elements. 

 
Fig. 1. Three-dimensional model of NFSC on CSL 3D-design 

The coupled lines are formed by connecting horizontal and vertical strips 1 

and 2. The latter are obtained by installing a vertical dielectric substrate 3 metal-

lized on both sides. Frequency-dependent loads in the form of RLC circuits 4-1 

and 4-2 are connected to the diagonal arms through connecting strips 5 and are 

grounded on contact pads 6. To increase the self-capacitances of the horizontal 

conductors, substrate 1 is equipped with a grounded base 8 on the reverse side. 
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The equivalent circuit of the NBPF is shown in Fig. 1, b with the designated 

length of the CSL l. 

Its feature is the use of coupled strip lines made on horizontal and vertical 

substrates with different relative permittivities 1εr  and 2εr  [5]. The coupled strip 

lines section of the CSL in the general case with an unbalanced electromagnetic 

coupling [6]. 

Since the transverse dimensions of the vertically and horizontally located 

strips are much smaller in relation to the wavelength at the frequencies used up 

to 8 GHz, it is advisable to model the device under the assumption of the exist-

ence of quasi-transverse electromagnetic waves, or quasi-T-waves, in them [7]. 

Therefore, the equivalent circuit of the non-reflecting device is presented in 2D 

dimension (Fig. 2). It is obtained by decomposing the design (Fig. 1) into its 

component parts, each of which is represented as an eight-terminal network. 

Unequal coupled strip lines I and II with unbalanced electromagnetic cou-

pling are separated into block A, called the distributed element block. Blocks B1 

and B2 consist of concentrated RLC circuits. The circuit in the form of a cas-

cade connection of three eight-terminal devices is convenient for analysis, since 

the NF transfer matrix in this case is a product of matrices , ,1 2a  a  aB B  [8]. 

 
Fig. 2. Equivalent circuit of a non-reflective strip filter as an eight-port 

network: A is a block of a distributed structure of coupled lines I, II; 1,  2B B  are 

blocks of lumped RLC circuits; A is the transmission matrix of an eight-port 

network composed of coupled lines I and II; a  are transmission matrices of 

eight-port networks describing the inclusion of RLC circuits 

When the device is connected to the circuit, only ports 1 and 4 are used. In 

this case, the device is a four-terminal device, derived from a multi-terminal de-

vice formed by blocks B1, А, and B2. Detailing the decomposition of block A, 

as well as blocks B1, B2, allows us to take into account the influence of the con-

stituent elements of the blocks on the characteristics of the circuit. 
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2. Modeling of non-reflective circuits 

The equivalent circuit for block A implemented as a section of coupled 

strip lines I and II of length l (Fig. 1), blocks B1 and B2 as RLC circuits contain-

ing series oscillatory circuits with inductances L01, L02, capacitances C01, C02, 

shunt resistances R01, R02, is simplified to the form shown in Fig. 3. We will 

consider this circuit as a base for studying the main properties of non-reflective 

circuits depending on the parameters of the СSL and the parameters of the RLC 

elements of blocks B1 and B2. 

 
Fig. 3. Equivalent circuit of the basic version of non-reflective circuits in 

the form of a four-terminal network, derived from an eight-terminal network 

(Fig. 2) 

We will construct a model for analyzing the NFSC based on an equivalent 

circuit in the form of a cascade connection of eight-terminal networks (Fig. 2) 

with a subsequent transition to a circuit of a non-reflective frequency-selective 

circuit in the form of a four-terminal network (Fig. 3). 

It is assumed that the input and output (ports 1 and 4) are loaded with the 

resistances of external devices 1z  and 4z , usually 50 Ohm. The loads in ports 2 

and 3 are RLC circuits with different impedances 1z  and 4z . When NFSC is in-

cluded in the equipment, external ports 2 and 3 are not used, they are only need-

ed when analyzing the circuit in Fig. 2. 

The transfer matrix of the NFSC as an eight-terminal network formed by a 

cascade connection of eight-terminal networks 1 2, ,a  a  aB B  is in the form of a 
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product 1 2a a a aB B     [27]. By multiplying the matrices, we obtain the 

transfer matrix of the structural circuit under consideration in Fig. 2 

 1 2 3 4a a a a a     ,                                      (1) 

in which the submatrices 1 4,...,a a   are determined from the following formu-

las (2) 
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where , 1,...,4) (ija i j   are the elements of the matrix of coupled strip lines. 

Matrices 1aВ , 2aВ  are defined in [8], the matrix a  of coupled strip lines for 

the most general case of unequal lines with non-uniform dielectric filling are 

calculated according to [6, 9]. 

Input port 1 and output port 4 in the non-reflective circuit are loaded with 

resistances 1z , 4z , and ports 2 and 3 are not used. Therefore, from the eight-

terminal circuit (Fig. 2) we can move to the derivative four-terminal circuit [8] 

with the transfer matrix, which is the circuit in Fig. 3. Because of this transition, 

we obtain â  2×2 matrix that relates the input voltage and current to the output 

voltage and current. Its coefficients are found as follows 

1 1
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1 1
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1 1
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1 1
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ˆ [ ( )] ,
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                                   (3) 

where 1 1 1
32 3 12 14 2 21 2( )φ a z a a z a z         , 1

11 12 3 ,β a a z    
1

31 11 3a a z   , 1 1 1
32 1 12 14 2 21 2( )a z a a z a z          .  
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Thus, the matrix â  obtained from expressions (3) represents an analytical 

model of the NFSC with asymmetric loads in ports 2 and 3. The transition from 

the description of the NFSC in the form of a transmission matrix â  to a scatter-

ing matrix [8] makes it possible to calculate the frequency characteristics of non-

reflective filters depending on the parameters of the RLC circuits and coupled 

strip lines. 

To check the adequacy of the proposed analytical model, a comparative 

numerical simulation of the NFSC layout was carried out using the CAD system 

and a program in the Mathcad mathematical modeling environment, developed 

on the basis of the presented model. Electrodynamic simulation using CAD was 

carried out using a 3D model (Fig. 1). 

In the calculation using the developed program, the design of coupled strip 

lines of the VIP type was taken [10]. The cross-section of the CSL is shown in 

Fig. 4a. Horizontal strips with a width of 1 0.6w   mm are located on a substrate 

made of FR4 material with a thickness of 1h 1.5 mm and a relative permittivity 

of 1 4.5r  . The vertical stripes of width 2 2.0w   mm are made on a vertically 

installed substrate made of RO-3003 material of thickness 2h   0.635 mm. The 

horizontal conductors of the SPL have a length of 45l   mm. 

The parameters of the RLC circuit elements (Fig. 3) were as follows: 

01 02C С 1.2 pF, 01 02 23.5L L  nH, 01 02 50R R  Ohm. The calculated 

frequency dependences of the transmission coefficient 21S  and reflection coef-

ficient (return losses) 11S  of the NFSC are shown in Fig. 4b. 

The results of calculations using CAD and the developed program are 

close, therefore, it is advisable to use modeling in the quasi-T approximation to 

study the dependences of the parameters of non-reflecting filters on the primary 

and modal parameters of the СSL, as well as on the frequency properties of the 

RLC circuits, since the time spent on analyzing one version of the NFSC design 

is less than a minute. 



7 

 

 
Fig. 4. Cross-section of coupled striplines (a), frequency dependence of 

transmission coefficient 21S  and reflection coefficient 11S  (b), obtained by 

electrodynamic modeling and quasi-T approximation 

The constructed model was also used, which is especially important, to 

solve the inverse problem of finding the parameters of the constituent RLC ele-

ments of the NFSC for given frequency characteristics. 

3. Solution of the inverse problem 

When designing filters, the coefficients of the scattering matrix of the de-

vice are usually specified as the initial data, and the sought parameters are the 

characteristics of the main elements of the design and circuit. Therefore, it is 

necessary to solve the inverse problem. We will use the fact that the existing 

connection â and s  [8] allows us to find the transmission matrix in a given fre-

quency range for a given complex transmission coefficient 21S  and complex re-

flection coefficient 11S . 
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If the design of the coupled lines is determined, then it is easy to calculate 

using the works [6, 9]. By analogy with [11], with a known matrix a  and the 

matrix â  being determined, a system of equations is compiled to find 2z  and 3z . 

Omitting the intermediate calculations, we present expression (4) for calculating 

the frequency dependence of 2z  and 3z  , written in matrix form 

1 1
2

1
3

1 1
2 3

2 3 4 1

6 7 8 5

10 14 11 15 12 16 9 132

z m m m m

z m m m m

m m m m m m m mz z

 



 

     
     

       
                

, (4) 

where 

 11 41 12 41 11 42ˆ1m a a a a a a      ,  21 41 32 41 31 42ˆ9m a a a a a a      , 

 11 21 12 21 11 22ˆ2m a a a a a a      ,

  21 21 21 32 22 31ˆ10m a a a a a a      , 

 11 43 12 43 13 42ˆ3m a a a a a a      ,

  21 43 32 43 33 42ˆ11m a a a a a a      , 

 11 23 12 23 13 22ˆ4m a a a a a a      ,

  21 23 23 32 22 33ˆ12m a a a a a a      , 

 12 41 14 41 11 44ˆ5m a a a a a a      ,

  22 41 41 34 31 44ˆ13m a a a a a a      , 

 12 21 21 14 11 24ˆ6m a a a a a a      ,

  22 21 21 34 31 24ˆ14m a a a a a a      , 

 12 43 14 43 13 44ˆ7m a a a a a a      ,

  22 43 34 43 33 44ˆ15m a a a a a a      , 

 12 23 14 23 13 44ˆ8m a a a a a a      ,

  22 23 23 34 24 33ˆ16m a a a a a a      ; 

 ˆ , 1,2 kma k m   – elements of the transfer matrix of the derivative of the quad-

rupole, determined from (3) or as a result of the transition from a given matrix s  

to the matrix â ; 

 , 1...4 ija k m  – elements of the transfer matrix of a segment of coupled strip 

lines. 
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The problem of determining 2z  and 3z , which is the inverse problem, sig-

nificantly accelerates the determination of the parameters of RLC circuits. As 

already noted, the initial data for its solution are the coefficients of the transmis-

sion matrix of the non-reflecting filter and the associated strip lines, which can 

be obtained by mathematical modeling or experimentally. 

4. Experimental results. Extraction of RLC circuit parameters 

A model of a non-reflective stripline filter (Fig. 5a) was manufactured 

based on the circuit under consideration, including a section of coupled 

striplines (a block with distributed parameters) and an RLC circuit in the form of 

series oscillatory LC circuits damped by resistance R0. The NFSC is tuned to a 

central frequency of 0 0.949f   GHz.  

In the calculation, the inductance of 0 22.0L   nH, capacitance of   

0 1.2C   pF, and resistance of 0 50R   Ohm were included in the composition 

of identical RLC circuits. The length of the segment of coupled lines was  

0.048l   m. The matrices of linear capacitances С  and inductances L  of the 

CSL were calculated using the grid method [10] and amounted to 

169.7 117.4
С

117.4 169.7

 
  

 
 pF/m, 

0.3953 0.2633
L

0.2633 0.3953

 
  
 

 μH/m. 

Fig. 5b shows a comparison of the results of experimental measurements 

and modeling in the quasi-T-approximation of the frequency dependence of the 

transmission coefficient 21S , reflection coefficient 11S . Fig. 6 shows the re-

sults of modeling and measuring the group delay time gd  of the manufactured 

model of a non-reflective filter. 
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Fig. 5. External appearance of the layout of the strip non-reflective band-

pass filter (a) and the results of modeling and measuring the frequency depend-

ences 11 21,  S S (b) 

As can be seen from Fig. 5b, the frequency dependences are close to the 

calculated characteristics of the LFIC in the passband and are qualitatively con-

sistent in the stopbands up to 8 GHz. In the process of modeling according to the 

obtained relations (2)–(4), it was found that the greatest sensitivity of the fre-

quency characteristics of the NFSC is observed due to the asymmetry of the fre-

quency dependences of the impedances and RLC circuits and the imbalance of 

the electromagnetic coupling of the coupled striplines, expressed through the 

coefficients of capacitive coupling and inductive coupling. 
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Fig. 6. Frequency dependences of the group delay time gd  of the NFSC 

layout 

In the example considered 0.692Ck  , 0.666Lk  . With such ratios and at 

the central frequency of the passband, 2.115 dB,  11S f  was ex-

perimentally obtained, and outside the passband up to 7 GHz, it is limited to –

10 dB. 

It should be noted that with known parameters of the coupled lines in the 

form of a transmission matrix and unknown parameters of the RLC circuits, the 

obtained solution (4) for finding the frequency dependence allows extraction to 

be carried out by measuring the scattering matrix of the filter as a four-terminal 

network and the transition from to the transmission matrix. 

In this case, all coefficients become 1,..., 16m m  known and (4) provides a 

solution to the extraction problem  2z f  and  3z f . As an example, Fig. 7 

shows the frequency dependences of the impedance moduli of RLC circuits 

2 2 3,  z z z  obtained from (4) as a result of using the experimental frequency 

dependences of the scattering matrix coefficients of the NFSC (their frequency 

dependences are shown in Fig. 5b). 

The obtained frequency characteristics allow us to unambiguously recon-

struct the parameters of RLC circuits in the form of a series oscillatory circuit 

shunted by a 50 Ohm resistance. 

 21 0S f  
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Fig. 7. Reconstructed frequency dependencies 2 2 3,  z z z  of RLC cir-

cuits 

The detailed reconstruction of the parameters of the RLC circuit elements 

is carried out on the basis of the theory of lumped circuits, which significantly 

simplifies the synthesis of non-reflective strip filters with the proposed structure. 

The frequency dependences of the transfer coefficient 21S  (Fig. 5) and the 

impedance modulus of the RLC circuit (Fig. 7) indicate the relationship between 

these characteristics. The maximum 21S  is observed at the resonance frequency 

 
1

0

1
0 0

2π
f L C


   of the series circuit (see Fig. 1), and the first minimum at 

0f f  at a frequency 01f , corresponds to the electrical length 

  / 2 180θ= θ θe o of the coupled lines , where ,θ  θe o  are the electrical 

lengths of the strips for the in-phase and antiphase waves. 

The frequency characteristics of the NFSC were calculated for different 

physical lengths of the SPL (Fig. 8). This figure shows the frequency depend-

ence of the transmission coefficient 21S  of the NFSC, the length of the strips in 

which varies from 25 mm to 55 mm. A slight influence of the length l  of the 

coupled strips on the frequency 0f  is visible, but as the length l  decreases, the 

frequency 01f  increases. 

From the given dependence, it can be concluded that the central frequency 

of the passband in the proposed design and scheme of the non-reflective filter is 

not determined by the length of the sections of the coupled lines, it is determined 

by the parameters of the RLC circuit (see formulas (5) and (6)). At the same 

time, the position of the minimum 21S  in the RLC circuit shown in Fig. 1 is de-

termined by the length l  of the strips under the condition   / 2 180θ= θ θe o . 
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This is precisely the fundamental difference between the proposed solution and 

traditional filters on coupled strip lines. 

 
Fig. 8. Frequency dependence of the transmission coefficient of the NFSC, 

the length l of the connected strips in which varies from 25 mm to 55 mm 

5. Conclusion 

Thus, the problems of analysis, synthesis and experimental study of non-

reflective stripline bandpass filters have been solved. The mechanism of for-

mation of the frequency characteristic of the NFSC is shown, consisting in the 

transformation of the frequency dependence of the load impedance in the form 

of an RLC circuit on lumped elements into the antipode of this characteristic us-

ing the proposed NFSC scheme. In this case, bandpass filters containing a dis-

tributed base element in the form of coupled lines have a single passband and 

return losses at the level of –10 dB at out-of-band frequencies. It is shown that in 

the case when the matrix s  is obtained experimentally, the developed algorithm 

make it possible to extract the frequency dependence of the impedance of the 

RLC circuit with unknown parameters of the elements included in it. Further 

studies of frequency-selective devices containing coupled lines and lumped 

RLC circuits are relevant in the direction of expanding the functionality of the 

developed software package, as well as conducting experimental studies to im-

prove the parameters of the NFSC by optimizing them, cascading and using in-

tegrated technology. 
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