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Abstract – This paper shows how a simple modification of the 

basic bandpass filter with an antiparallel configuration 

introduces a pair of transmission zeros close to the passband of 

the filter. Closed-form expressions for calculating all the 

components of the filter prototype depending on the frequency of 

the transmission zeros for different widths of the passband were 

derived as well. The methodology for filter realization with 

distributed parameter elements was also shown. The obtained 

extended configuration of the filter is very suitable for the 

synthesis of RF and microwave filters with favourable 

characteristics, as well as the practical realization in various 

planar structures and technologies.  
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I. INTRODUCTION

For the fast development of modern wireless and mobile 

telecommunications systems, the existence of an RF 

transceiver with a wide enough frequency spectrum, good 

sensitivity and adaptive characteristics which have small 

dimensions and are low cost is necessary. One of the essential 

components of such transceivers are Band Pass Filters (BPF) 

since they can efficiently select the desired signals from the 

working range and repress the unwanted signals from 

neighbouring or distant channels.  For the realization of the 

needed selectivity without increasing the order of filters, 

several papers [1–4] have suggested BPFs whose transmission 

characteristics contain zeros close to the upper and lower 

border of the passband region. The existence of such zeros 

improves selectivity, that is increases the insertion loss in the 

upper and lower stopband of the BPF. During the synthesis, 

designing and realization of the BPF it is especially useful if 

the frequency position of the transmission zeroes can be set at 

desired frequency values in order to attenuate the dominant 

parasitic and unwanted signals [1,2]. 

The mutually similar characteristics of the printed filters 

presented in various source literature, and which their authors 

classified in different ways and analysed with different 

methods, suggest that the existence of transmission zeros 

close to the pass-band of the BPF can be a consequence of the 

specific topology of such filters [5-15]. This is especially the 

case with filters with capacitively coupled resonators 

published in [16-22] and reviewed in [23]. Those filters have 

an identical general topology, characterized by the fact that 

the two-port filter network is formed with an antiparallel 

connection  of  two  identical  asymmetrical   subnetworks.  In 

paper [24], the simplest configuration of the asymmetrical 

subnetwork whose antiparallel connection has the 

characteristics of a BPF is identified. For this Basic 

Antiparallel BPF (BABPF) a method for the synthesis of the 

ideal filters for different widths of the pass-band was 

presented. Such a BABPF had a limited practical 

applicability, but it was an excellent foundation for the 

development of an upgraded version which had significantly 

better characteristics and was more suitable for the realization 

of printed filters at RF and microwave frequencies, which is 

presented in this paper. 

II. A BASIC BPF WITH AN ANTIPARALLEL 

CONFIGURATION

Fig. 1 shows a circuit diagram of a BABPF whose 

characteristics are defined by the values of only three 

parameters: C - series capacitance; L - series inductance; and k 

- grounding to series capacitances ratio. 

Fig. 1. Circuit diagram of a BABPF formed by an antiparallel 

connection of two identical asymmetrical subnetworks N 

In papers [24, 25] there is a detailed presentation of how, 

with setting up the condition of the existence of a double 

transmission pole at the unity angular frequency, unambiguous 

real and positive values of the BABPF components can be 

calculated by solving a system of two nonlinear equations for 

unknown variables k and L, for every value of the series 

capacitance C > 1, which is selected as an independent 

variable. Alternatively, for C > 2 (which is sufficient for  most 

practical applications), parameter k can be calculated, with a 

relative precision better than 1×10
-5

, with the following 

empirical equation which is a unary argument function of C:  

              
047732.32 20844.0214 −

−−−≈ CCk                 (1) 

which allows obtaining the value of parameter L by applying: 
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In that manner a family of prototypes of BABPF with the 

passband centered on the unity angular frequency, having 

various selectivity and various passband widths, can be 

obtained. In Table 1 there is an example of four sets of 

parameters obtained from (1) and (2) and the most important 

characteristics of corresponding BABPFs, while Fig. 2 shows 

the frequency characteristics of their S parameters. 

TABLE 1 

ELEMENTS AND CHARACTERISTICS OF BABPF PROTOTYPES

parameter values main characteristics of BABPF 

 C L k BW3dB �c �z1 �M S21(�M) 

i 2 0.811 1.848 75.6% 1.0684 0.465 0.144 -5.6 dB 

ii 4 0.321 5.934 36.2% 1.0046 0.335 0.032 -12 dB 

iii 8 0.142 13.968 17.8% 1.0005 0.243 0.008 -18.dB 

iv 16 0.067 29.984 8.8% 1.00006 0.174 0.002 -24 dB 

Fig. 2. Frequency characteristic of S21 and S11 parameters of four 

BABPF prototypes from Table 1 

It can be seen in Fig. 2 that the network in Fig. 1, for values 

of parameters from Table 1, has the characteristics of a 

bandpass filter whose selectivity increases with an increase in 

capacitance values C (and with a decline in the values of L). A 

set of solutions (C, L and k) which fulfil the condition of the 

existence of a double pole at unity angular frequency will exist 

for arbitrarily large values of C, so that BABPF selectivity is 

constrained only by technological limitations. The isolation of 

the filter in the upper bandstop region increases monotonically 

with an increase in frequency, and also increases with an 

increase in values of capacitive prototype elements. In the 

lower bandstop region there are two transmission zeros for 

�Z0=0, as well as at �Z1 which is given with the equation: 

)1(

1
1

+
=

kLC
Zω                             (3) 

Between �Z0 and �Z1 zeros there is a point (�M) of local 

minimum of isolation |S21(�M)| in the lower stopband. From 

Table 1 and in Fig. 2 it can be seen that the value of isolation 

in the point of local minimum |S21(�M)| grows with the 

increase in value C, and at the same time, moves toward the 

lower frequencies, which is also the case with the frequency 

of transmission zero �Z1 defined by equation (3). 

The practical applicability of the BABPF is limited by the 

incapability for certain characteristics, such as BW3dB, �Z1, 

�M, and |S21(�M)|, to be changed independently, so they must 

be chosen in „a package“, based on the characteristic that is 

the most crucial according to project specifications. Also, the 

fabrication of serial capacitance C which is not surrounded on 

both its ends with grounding capacitance but on only one is 

unsuitable for realization on many printed circuit substrates. 

The specified limitation of the BABPF required a modification, 

i.e. an extension, in the configuration of the basic subnetwork. 

III. A BPF WITH AN EXTENDED ANTIPARALLEL 

CONFIGURATION

The described deficiencies of the BABPF can be overcome 

by modifying the configuration so that, instead of a pair of the 

simplest subnetworks N from Fig. 1, the filter is formed with a 

pair of subnetworks NY shown in Fig. 3a, or alternatively with 

a pair of subnetworks N� equivalent to NY, shown in Fig. 3b. 

(a) 

(b) 

Fig. 3. Two mutually equivalent extended subnetworks: a) with 

capacitors in Y configuration; b) with capacitors in � configuration 

The values of the subnetworks components from Fig. 3 are 

defined in a way shown in Table 2, by using the values of 

parameters C, L and k which form some of BABPF prototypes, 

with the introduction of two non-negative parameters m and n. 

The values of subnetwork N� capacitances are obtained via 

the star-to-delta transformation of the capacitances from 

subnetwork NY, while the inductances in both cases are the 

same. For m 	 0 and n 	 0, all capacitances and inductances of 

subnetworks NY and N� are positive, so that they can be 

realized with passive components. 

TABLE 2 

COMPONENTS DEFINITION FOR SUBNETWORKS NY AND N�

NY: 
L1 C1 C3 C2 L2 

(m+1)L 1/(mL)  kC C/(n+1)  n/C 

N�: 
L1 C13 C12 C23 L2 

(m+1)L (n+1)kC/K� C/K� mkC2L/K� n/C
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where: K� = n+1+mLC(1+(n+1)k) 

For the components defined as indicated in Table 2, 

admittances X1 and X2 from Fig. 3a can be expressed as: 
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Equations (4) and (5) show that at a unity angular frequency 

(�=1), as well as for m=0 (or n=0) serial admittances X1, (or X2) 

of the extended subnetworks NY are reduced to corresponding 

serial admittances XL (or XC) of basic subnetwork N. The 

definitions of subnetwork NY components shown in Table 2 

are postulated in order to achieve such behavior. 

By applying the same procedure through which (3) was 

derived in [24], equations for circular frequency transmission 

zeroes of the filter composed of an antiparallel connection of a 

pair of subnetworks NY are obtained: 

     mnmnmnEZ qpp −−=
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Compared to a BABPF, the BPF with an Extended 

Antiparallel configuration (EABPF) has one additional 

transmission zero, whereby the following equations apply: 
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where �Z1 is defined in (3) 

Equations (6-9) show that, compared to the BABPF, the 

EABPF has a much higher level of freedom in terms of the 

number and position of transmission zeroes. Instead of one 

zero in the lower stopband, whose position cannot be altered 

without a significant change in other BABPF characteristics 

(primarily the width of the passband), the EABPF has one zero 

in each stopband whose position can be altered within broad 

boundaries by varying parameter m, that is n, from 0 to +∞.   

For designing the filter it is useful to derive expressions for 

the value of parameters m and n depending on the given values 

�EZ1 and �EZ2. This can be obtained by solving (6) and (7) as a 

system of two equations for unknowns m and n, which gives: 
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In most practical cases, it applies that u is much greater 

than v, which, applied to (10) and (11), leads to significant 

simplification: 
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Equations (12) and (13) confirm the intuitive assumption 

that parameter m has a dominant influence on the zero in the 

lower stopband (�EZ1), while parameter n has a dominant 

influence on the zero in the upper stopband, which means that 

the position of zeroes can be independently altered within broad 

boundaries: �Z1 
 �EZ1 
 1, that is 1
 �EZ2 < ∞. The ability of a 

precise controlling of the narrowband frequency ranges with 

maximum attenuation, especially near the passband region, is a 

very desirable characteristic of a BPF which is especially 

employable in suppressing dominant parasitic signals such as 

the „leakage“ of local oscillator signals or their harmonics, as 

well as the higher harmonics of the useful RF signal. 

Using (10) and (11) and the expressions from Table 2 it is 

possible to determine the values of all inductances and 

capacitances of subnetwork NY, that is N�, which forms the 

EABPF with transmission zeroes at desired frequencies �EZ1

and �EZ2. Such a EABPF can be based on any BABPF 

prototype defined by the value of independent parameter C as 

well as L and k parameter values determined by (1) and (2). 

Table 3 lists the component values for four examples of the 

EABPF, all based on the same BABPF prototype with C = 4, 

with four different combinations of transmission zeros �EZ1 and 

�EZ2: a) 0.5, 2.0; b) 0.5, 1.5; c) 0.75, 1.5) and d) 0.75, 2. 

TABLE 3 

COMPONENTS, PARAMETERS AND FEATURES FOR FOUR 

EABPFS DERIVED FROM THE BABPF PROTOTYPE WITH C = 4 

Frequency characteristics of S parameters of four different 

EABPFs are shown in Fig. 4, and the distinctive values are 

also outlined in the shaded columns of Table 3. It can be 
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noticed that the change in frequency of transmission zeros 

�EZ1 and �EZ2 simultaneously affects the width of the 

passband, selectivity, as well as the value of the insertion loss 

in the upper and lower stopband. The EABPF is significantly 

more suitable for shaping a filter characteristics, since this can 

be performed by changing three parameters (C, m, n), instead 

of just one (C) as was the case with the BABPF. 

Fig. 4. Comparison of S parameter frequency characteristics of four 

EABPFs from Table 3 and a basic BABPF (ii) from Table 1 

The examples in Table 3 also show that a large difference 

can exist in the capacitance values between different EABPF 

filters obtained from the same BABPF prototype, depending 

on the desired frequency of the transmission zeros. This way, 

for example, by comparing the � configurations, it can be 

seen that the sum of capacitances can vary from �Cij=4.435 in 

example (c), to �Cij=12.097 in example (a). This difference in 

capacitance values will also cause a difference in the physical 

size of the filters if they are realized in one of the planar 

technologies. This means that the comparison in the sizes of 

the planar filters, which is one of the frequently used criteria 

for the valorisation of the suggested solutions and 

configurations in literature, can be considered an objective 

norm only if all the characteristics of the observed filters are 

mutually comparable, and not only the standard characteristics 

such as center frequency, width of the passband, relative 

permittivity and thickness of the substrate. 

IV. THE APPLICATION OF THE EABPF FOR THE 

REALIZATION OF PLANAR FILTERS

EABPFs are suitable for realization in all known filter 

fabrication techniques due to a small number of different 

components which can easily be realized, either with different 

types of elements with concentrated parameters, either with 

printed transmission lines (TLs). Fig. 5a and Fig. 6a show 

EABPFs composed of NY and N� subnetworks, respectively, 

and marked as EABPFY and EABPF�. Comparatively, Fig. 5b 

and Fig. 6b show the corresponding general topologies of 

these filters for the realization in one of the planar techniques.  

The common characteristic of the topology of these filters 

is that they have a central symmetry, which is a consequence 

of the antiparallel configuration of the filters. By comparing 

them it can be concluded that the EABPF� is more suitable for 

practical realization in one of the planar technologies since it 

demands only two conductive layers, out of which one is the 

reference ground while the other layer contains all the other 

filter planar components, whereby the conductive layers are 

separated by one layer of a low-loss dielectric substrate. 

(a) 

(b) 

Fig. 5. (a) Circuit diagram of EABPFY and (b) the corresponding 

general planar topology (for beter visibility, the reference ground 

plane and the dielectric layers are not shown) 

(a) 

(b) 

Fig. 6. (a) Circuit diagram of EABPF� and (b) the corresponding 

general planar topology (for beter visibility, the reference ground 

plane and the dielectric layer are not shown) 
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On the other hand, EABPFY requires three conductive layers 

separated by two dielectric layers. Furthermore, as can be seen 

in Table 3, the total value of capacitances is, in the case of 

EABPFY, always significantly greater than in the case of the 

equivalent EABPF�, so that the planar realization of EABPFY

will always be larger than EABPF� and therefore less suitable 

in almost all practical realizations. The only exception could 

be an application at higher microwave frequencies at which 

the required capacitance values of EABPF� are too small for 

the available precision of the realization, in which case the 

application of EABPFY could be a more suitable choice. 

The multilayered substrate with grounded upper and lower 

conductive layers, which form a well-defined reference 

ground, would be the most suitable medium for the fabrication 

of both variants of the EABPF. Such groundwork would 

enable the realization of all possible values of inductances and 

capacitances needed for achieving various frequency 

characteristics of this type of bandpass filter. 

V. THE APPLICATION OF THE EABPF FOR 

REALIZATION IN THE MICROSTRIP TECHNIQUE

Simple planar structures, such as microstrip, are suitable for 

the fabrication of EABPF� versions of the filter which require 

relatively small values of series capacitance C12, which can be 

realized by lateral coupling of the filter resonators. The other 

filter components can be realized by TLs which, for the 

realization of grounding capacitances (C13, C23) need to have 

characteristic impedances that are as low as possible, whereas 

the series inductances (L1, L2) should be realized with TLs 

having characteristic impedances as high as possible. 

The electrical lengths (θL, θC) of inductive and capacitative 

TLs can be calculated using the following expressions for the 

approximation of inductance and capacitance with ideal TLs: 

L

n
L

Z

LR0=θ (12) 

0R

CZ nC
C =θ (13)

where: Ln and Cn – normalized values of the prototype filter 

components; ZL and ZC – inductive (high) and capacitative 

(low) characteristic impedances; R0 –filter’s termination value 

The corresponding microstrip TLs’ lengths (lL, lC), for the 

given or favored corresponding TLs’ widths (wL , wC), can be 

calculated by applying (12) and (13) in approximate 

expressions for microstip TLs [26], whereby the following 

expressions are obtained: 
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where: c0 – the speed of light; fc – the center frequency; wL, wC

and lL, lC  - widths and lengths of the microstrip TLs; h –  the 

thickness of the dielectric; �e – the effective dielectric constant 

of the microstrip TL approximately determined by relative 

permittivity (�r) as: �e=[�r+1+(�r-1)(1+12 wC /h)
-1/2

]/2.

By applying expressions (14) and (15) on the values of the 

EABPF� prototype components, for example those given in 

Table 3, version c, the most important filter dimensions for 

the final layout of the microstrip filter can be obtained.  

Fig. 7. Photo of the realized microstrip EABPF�

Figure 7 shows a photo of an assembled microstrip filter 

with SMA panel connectors. The filter is realized by the 

standard lithographic process with the line and gap width 

tolerances of ± 5 µm. The filter's overall dimensions 

(excluding I/O 50� lines) are 8.52×8.74mm (0.076�g× 0.078�g) 

for fc = 1 GHz and the RO3010 substrate with nominal �r = 10.2, 

h = 0.254mm and tan�= 0.0023. The majority of the filter's 

dimensions are obtained from EABPF� prototype values by 

closed-form expressions, with a limited use of electromagnetic 

analysis to determine an appropriate gap width for the correct 

value of C12 capacitance, as well to adjust the length of 

meandering inductive microstrip lines for the correct electrical 

length. The design process, as well as the obtained results, is 

comprehensively described in [25]. 

Fig. 8. Filter's S-parameters comparison between: a) scaled EABPF�
prototype; b) ideal TL model; c) measured results 

As shown in Fig. 8, the measured electrical characteristics 

of the realized microstrip filter are, even without additional 

optimization, very similar to the designed ones (trace a), as 

well as to those obtained from an ideal TL model (trace b). 
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VI. CONCLUSION

This paper gives a detailed analysis of the extended version 

of a bandpass filter with an antiparallel configuration. The 

basic version of this type of filter is modified by introducing 

additional inductance and capacitance. This way, in the 

transmission characteristics of the filter, a pair of transmission 

zeros close to the passband of the filter are obtained, and their 

frequency position can be explicitly determined and adjusted 

to a wide extent. Equations are derived in the paper with 

which, in the form of closed-form expressions, a connection 

between the specified, i.e. suitable frequencies of the 

transmission zeros and parameters which define the values of 

all the filter components is established. Two types of an 

extended version of BPF are identified, which mutually differ 

based on the “Y”, that is “�“ configuration of the connection 

between the capacitances of the filter. Among them the Y 

configuration is more convenient for the analysis of filter 

characteristics, while the � configuration is more suitable for 

practical implementations. The proposed filter configuration is 

significantly more suitable for practical application for 

fabrication in a large number of planar technologies. In the 

paper, a closed-form equation for the calculation of the 

physical dimensions of the microstrip TLs based on the values 

of inductive and capacitive elements of the normalized filter 

prototype is derived. 
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