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THE USE OF TWO FREQUENCY VARIABLES IN THE DISTRIBUTED
CIRCUITS SYNTHESIS

Introduction

The design of filters from non-homogenous lines
(NL) segments can be approached from several
positions [1-15]. One of the principles is the use of
NLs connected by a four-pole between the generator
and the load [1-7]. In this case, the required
characteristic of selectivity is achieved by changing
the wave resistance of the line according to a certain
law. However, the input resistance of the NL loaded
with an active resistance cannot be purely reactive at
real frequencies. Therefore, the reflection coefficient
cannot be equal to one on any of them. Therefore, it
is fundamentally impossible to obtain a significant
attenuation at least at one point outside the passband
of the filter. Only when selecting a certain class of
complex loads, it is possible to achieve significant
attenuation outside the bandwidth [8, 9]. Another
principle of filter design is based on the use of the
simplest non-homogeneous lines that perform the
functions of resonators. The required selectivity
characteristic of the filter is achieved by selecting
the parameters of resonators and communication
circuits. This way of building filters is more rational.
In addition, in the process of synthesis, you can use
ideas and techniques that are characteristic of circles
from segments of homogenous lines.

Analysis of recent research and publications

Currently, there are two schools of synthesis of
circles from segments of homogeneous lines. The
first of them is based on Kohn's ideas [2, 4, 9-15]
and operates with resonators and immittance
inverters, the second uses Richard's transcendental
frequency substitution [1, 3]. The extension of the
techniques of these schools to circles from segments
of non-homogeneous lines is of fundamental
importance since it becomes possible to use uniform
methods of designing devices on elements with
distributed parameters.

Problem statement

The purpose of the article is to describe the segments
of nonhomogeneous lines by the "inductance" and
"capacitance" elements in the class of functions of two
complex frequency variables.

Main material

When using Kohn's method, the procedure for
synthesizing filters from segments of homogeneous
or non-homogeneous lines is similar. It is based on
the determination of inverter parameters based on
the known -characteristics of the prototype and
resonators [2, 4, and 8]:

Joi :\/(Gab_lAw)/gOglmc; Tntl :\/(GbgnAw)/g"g”“wc;

(1)

‘]J',./+1 :\/(ACOZEjEjHAW)/(((Dc)zg‘/gﬁ])3 Jj=12,..,n-1

Ko = (R, %40)/((g0g10.));

Kn,n+l = \/(Rb)_anw)/(gngnJrlmc);

2

2 _

where G,, G,, R,, R, — conductivities and filter load
resistances; Aw — is the relative bandwidth of the

filter; J;,; and K, are parameters of

conductivity and resistance inverters; b, and X; —

resonator reactance steepness parameters; g ; and o,
are parameters of the prototype of low frequencies.
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+1 )/(((Dc)zgjgj+1);

Kohn's method is approximate. In addition, it
imposes significant restrictions on the circle
structure. One of the main tasks facing the
developers of frequency devices is the simplification
of structures and the creation of calculation methods
that will ensure obtaining filters with precise
characteristics during their serial production. In
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particular, this applies to nodes on strip lines, as
their design excludes the possibility of any
adjustments. The complexity and laboriousness of
calculating and designing filters increases as the
requirements for their characteristics increase. This
leads to the need to create such synthesis methods
that require minimal labor costs and allow us to
approach the design of various devices from a single
point of view. When solving this problem, a
significant role is by the transformation of the
frequency variable. As for microwave devices, the
analytical apparatus of frequency transfor-mations is
currently represented by Richard's substitutions and
can be used only for the synthesis of circles
consisting of proportional segments of homogenous
lines. In this regard, another type of frequency
transformation is needed, which allows comparing
NL of any class with a concentrated element or a
circle.

Consider an arbitrary quadripole characterized by
the transfer matrix [A]. The four-pole circuit is
connected to other circuits by segments of
homogeneous lines with wave resistances W, and

Wy, (Fig. 1). For the certainty of further transfor-

mations of the transmission matrix, we will assume
that W, >W,, . Let's find the representation of the

matrix [A] based on the fact that the quadripole is
invertible:

TR
X[ 4D (B D/A)/D]
(cJap)/a)fp- Joia |
Since Y, =D/B, Z,; =A/C, the ratio (3) can be
written in the following form:
o {JA/_D Yﬁl\/m].
Ni-z | z!ND D4

If the quadripole is symmetrical, then 4 = B. In
this case, the transfer matrix of the quadripole is:

(4], = 1 [ 1 1/Yll}
‘ J1-z;'y)! /7, 1

We use the normalized values Z;, =Z,,/W,,,

4)

Y, =Y, /Wy, and assume that the four-pole is
loaded symmetrically: W, =W,,. Then you can
enter the frequency variables:

Sl=1/Z{17 52:1/21‘1’ ®)

and bring formula (4) to the following form:
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Fig. 1. Quadripole with communication lines
Ratio (6) is a mapping of the properties of a
symmetric quadripole into a complex two-
dimensional space.
Let's use another representation of the matrix [A]:

(= 7Z,NCIB  BIC -
Jz.%, -1 Jc/B Y JBIC|

Then, taking into account dependence (5), we get:

1

= G

(WaNCIB)/S,
\JC/B

We number the elements C and B of the matrix
[A] in accordance with the existing rules [3, 4]:

—b+~b* —4dac

B'= B/ Wyl —— ——,

NB/C ®)
NBIC(WyS,)

C'=CyWo Wy, .

In an antimetric quadripole, the condition

C'=E is fulfilled. Therefore, relation (8) is
written as follows:

1

9
« \/(VVOIS2)/(W02S1) NULULONINS ®

JS8) (Woliy)  \JWaS)) 1 (WS, |

Thus, the image of the properties of the
antimetric quadripole in a complex two-dimensional
space is obtained. The antimetric four-pole is
interesting in that the normalized no-load resistance
on one pair of clamps is equal to the normalized
short-circuit conductivity on the second pair of

clamps: Z,, =Yy, Zy, =Y.
Therefore, it can be stated that:
S =1/ Y, S, =1/ Z,,. Regarding the properties of

the quadripole, this means the following:
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Table 1
Elements of distributed circles with antimetric NL
Element: designation 51 - plane 52 - plane
Inductance L Q_.L D_.L
Wor L =Wp, Wor L =Wy
Capacitor c D _ﬂ
Wor C=1/W01 Woz Czl/Woz
—for an antimetric quadripole, the input equivalent to the capacity C =1/W,, in the scale of

resistance when the output terminals are open and
the output conductivity when the input terminals are
short-circuited are described by the same frequency
variable Si;

—for an antimetric quadripole, the input
conductivity when the output terminals are short-
circuited and the output resistance when the input
terminals are open are described by the same
frequency variable Sy;

In the future, based on the strip options for
implementing circles, it is convenient to introduce
the concepts of convergent and divergent lines
(CL and DL, respectively). The input resistance of
the short-circuited CL is based on the condition:

Zo =11, =W,,S, (10)

and the input conductivity of the open DL is
determined by the formula:

Zy=Ly =Wy !S,. (1)

Comparison of dependencies (10) and (11) shows
that the short-circuited CL is equivalent to the
inductance L =W,,, and the open DL is equivalent to
the capacity C =1/W,, in the scale of the variable Sp.

For the reverse situation, we get the following
result:

Z, =1 Yy =WeS, Z

X.X

=Z,=Wy/5,.
Therefore, the short-circuited DL is equivalent to
the inductance L =W,, and the open CL is

the frequency variable 21 (Table 1).

A characteristic feature of circles with distributed
parameters is that direct connection of L and C is
impossible. Quadripoles (single elements) are
necessary, which ensure their spatial separation. As
follows from formula (9), a single element is described
by two frequency variables. Therefore, a real circle
consisting of antimetric distributed elements is
described by a function of two frequency variables.

Let the transfer matrix of some antimetric quadripole
have the following form:

7le o)

We number the elements of the matrix (12) in
accordance with the current rules:

(12)

Alv =AWy, /VVOI’
Blv =B, I \Wo Wy » (13)
C{ =CWolWa s

D{ =D\ Wy, [ W, -

Let's assemble a pair of quadripoles taking into
account condition (13).

L 2 L
, A4 B ||D, B A1D1+(B1) 24,8 1 1S,
i Tl Rl S A N S e fg| 04
B DB 4 2BD, A1D1+(Bl) S5 LS 1
' ' 1 ' ! ' '2 ' '
L1 —[D’ Bl]ﬁ Bl}_ Api(s) 28D ) {1 Sl} as)
“ B 4B D 248, 4D +(B) | V=58 [S 1

Where S, = (2B,D,)/(AD; +(B)*), S, =Q2A4B)/(AD, +(B)).
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Then, on the basis of formulas (14) and (15), we
obtain the frequency variables for the formed
symmetrical quadripoles:

s -va)
SZ:I/(Z{I)Z:I/(YI'I)I.

Renormalizing the elements of the transfer matrix
and taking into account the dependence (16), we
find:

(Z ) =WySys (Z,), =W, /Sy
(Zeh =WoS), (Z), = Woz/Sl-

Thus, the considered pairs of lines implement in
the frequency scale S the inductance L =1/, and
the capacity C =1/W,,, and in the frequency scale
S; — the inductance L =W,, and the capacity
C= 1YWy, -

Variants of using symmetrical segments of non-
homogeneous lines are given in the table. 2. Since
no restrictions were imposed when constructing
symmetric quadripoles from antimetric ones, the

procedure is valid for any class of non-homogeneous
lines.

Table 2
Elements of distributed circles with symmetrical NLs
Element: designation Si-plane S2-plane
Inductance L Q__L Wy, L =Wy,
Woo L =Wy,
Capacitor c M Q
Woi CZI/W(H Woa C=1/W02
. Model-Assisted Evolutionary Algorithm IEEE
Conclusions . .
Transactions on Microwave Theory and
The obtained relations allow synthesizing Techniques. 2023.

frequency domain circles of functions of two
variables S,,S,. At the same time, a direct

connection of L and C elements is impossible. For
their spatial distribution, it is necessary to use a
single element with a transfer matrix (6). According
to the accepted classification [3, 16], the lines are
given in the table 2 are convergent-divergent (CDL)
and divergent-convergent (DCL). To switch to DCL,
it is sufficient to replace formulas S, with §, and

Wy, with W, .
REFERENCES

[1] Richards P. I. Resistor — transmission — line
circuits. Proc. IRE. 1948. Vol. 36. P. 217-220.

[2] Microwave filters and Circuits. Editor: Akio
Matsumoto. 1970. 246 p.

[3] Richard C. Dorf, James A. Svoboda. Introduction
to Electric Circuits. John Wiley & Sons, 2010 . 886 p.

[4] Pozar D. M. Microwave engineering: 4th ed. New
York: John Wiley & Sons, 2012. 756 p.

[5] Kenneth S. K. Yeo. Advanced RF/microwave filter
design using microwave circuit simulators. A4IP
Conference Proceedings 2643, 040025. 2023.
https://doi.org/10.1063/5.0114388.

[6] An Unsupervised Microwave Filter Design
Optimization Method Based on a Hybrid Surrogate

[7] SHF Communication Technologies AG. RF &
Microwave Passive Components. URL: https://www.shf-
communication.com/products/rf-passive-
components/. (access data 31.05.2023).

[8] Ng, J. W. Microwave filter synthesis. Final Year
Project (FYP), Nanyang Technological University,
Singapore. 2022. https://hdlhandle.net/10356/157846

[9] Gowrish B. & Shiban K. Koul. Designing RF and
Microwave Band Pass Filters Using Coupled
Resonators. IETE Journal of Education. 2021.
Volume 62, Issue 1. P. 6-11. https://doi.org/10.1080/
09747338.2021.1909503

[10] S. C. Megjillones, M. Oldoni, S. Moscato,
G. Macchiarella, M. D'Amico, G. G. Gentili, and
G. Biscevic. Unified Analytical Synthesis of
Cascaded n-Tuplets Filters Including Nonresonant
Nodes. IEEE Transactions on Microwave
Theory and Tech. 2021. 69. 3275-3286,

[11] Z. Zhang, H. Chen, Y. Yu, F. Jiang, and Q. S.
Cheng. Yield-constrained optimization design
using polynomial chaos for microwave filters.
IEEE Access 9.2021. 22408-22416.

[12] Dubovik I. A., Boykachev P. V., Isaev V. O.,
Dmitrenko A. A. Methods for synthesis of
matching circuits for broadband radio devices
with unstable load impedance. Doklady BGUIR.
2021. Vol.19(1). P. 61-69.

© Yu. Balanyuk, 2023


https://www.shf-/
https://hdl.handle.net/
https://doi.org/10.1080/

398 HaykoeMHi TexHonorii Ne 4(60), 2023

[13] W. Zhang et al. Advanced parallel space- [15] G. Pan, Y. Wu, M. Yu, L. Fu and H. Li.Inverse

mapping-based multiphysics optimization for modeling for filters using a regularized deep
high-power microwave filters. IEEE Trans. neural network approach. IEEE Microw. Wireless
Microw. Theory Techn. 2021. Vol. 69, no. 5, Compon. Lett. 2020. Vol. 30, no. 5.
P. 2470-2484. P. 457-460.

[14] Y. Yu, B. Liu, Y. Wang, M. J. Lancaster and [16] Mathematical Handbook for Scientists and
Q. S. Cheng. A general coupling matrix synthesis Engineers: Definitions, Theorems, and Formulas
method for  all-resonator  diplexers and for Reference and Review. Granino Arthur Korn,
multiplexers. IEEE Trans. Microw. Theory Theresa M. Korn. 2000. 1154 p.

Techn., 2020. Vol. 68, no. 3. P. 987-999.

Balanyuk Yu.
THE USE OF TWO FREQUENCY VARIABLES IN THE DISTRIBUTED CIRCUITS SYNTHESIS

One of the approaches to the design of filters from segments of non-uniform lines is the use of NLs connected by a
quadrupole between the generator and the load. In this case, the required characteristic of selectivity is achieved by
changing the wave resistance of the line according to a certain law. However, the input op of the NL loaded with an
active resistance cannot be purely reactive at real frequencies, so the reflection coefficient cannot be equal to unity at
any of them. Therefore, it is fundamentally impossible to obtain a significant attenuation at least at one point outside
the passband of the filter. Only by choosing a certain class of complex loads can significant attenuation be achieved
outside the passband. Another principle of filter construction is based on the use of the simplest heterogeneous lines
that perform the functions of resonators. The necessary selective characteristic of the filter is achieved by selecting the
parameters of resonators and communication circuits. This method of building filters is more rational. In addition, in
the process of synthesis, you can use ideas and techniques characteristic of circles from segments of uniform lines.

It is shown that in the synthesis of distributed circuits based on transmission lines, complex functions of two
frequency variables should be used, which allows the construction arbitrary circuit functions and fully cover the classes
of physically realized transfer functions. A description of the elements "inductance" and "capacitance" in the class of
functions of two complex frequency variables was obtained, which allows synthesizing circuits using the ideas and
methods of Richards’s circuit theory.

Keywords: quadripole, transmission matrix, wave resistance, conductivity, convergent-divergent line (CDL),
divergent-convergent line (DCL)

Bbamanok 10. B.
BUKOPUCTAHHSA ABOX YACTOTHHUX 3MIHHUX ITPU CUHTE3I PO3ITOAIJIEHUX
KAHAJIIB

Oonum i3 nioxo0ie 00 NPOEKMYBaAHHs PIILMPIE i3 cecmMenmie HeOOHOPIOHUX NiHil € sukopucmanus HII, 3 eOnanux
YOMUPUNOTIIOCHUKOM MIDIC 2eHepamopom 1 HABAHMAICEHHAM. Y yboMy 6unadky HeoOXiOoHa Xapakmepucmukd
BUOIPKOBOCMI  QOCA2AEMbCSL 3MIHOIO XGUILOBO2O Onopy JNiHil 3a nesHum 3axoHom. QOowak exionuti oni HJI,
HABAHMANCEHO20 AKMUBHUM ONOPOM, He Modce OVMU YUCTNO PeaKmuSHUM HA DedalbHUX Yacmomax, omoice Hd
HCOOHOMY 3 HUX Koeqhiyienm 8i06umms He modice 0opiguroeamu oOuruyi. Tomy npuHYUNO8O HeMONCIUBO OMPUMAMU
3HAYHe 3a2acanHsa Xoua O 6 OOHIU mouyi 3a medxcamu cmyau nponyckanus ginempa. Tineku npu eubopi nesHozo Kuacy
KOMNIEKCHUX HABAHMANCEHb MONCHA OOCASMU 3HAYHO20 3A2ACAHHA 34 Medcamu cmyau nponyckanus. IHwui npunyun
nobyoosu @itbmpie 3aCHOBAHUL HA BUKOPUCMAHHI HAUNDOCMIUUUX HEOOHOPIOHUX JIHill, AKI BUKOHYIOMb (QYHKYIT
pesonamopis. Heobxiona cenexmuena xapaxmepucmuxa Qinempa docsaeaemscs niobopom napamempie pe3oHamopis i
aanyrozie 38'a3ky. Takuil cnocib nobyodosu ¢inempis 6inbwt payionanrvruil. Kpim moeo, 6 npoyeci cunmesy mMoxcha
suKopucmosgygamu ioei ma nputiomu, xapaxmepui 015 Kin i3 8i0pi3Ki6 0OHOPIOHUX NIHIl.

Y ecmammi noxazano, wo npu cunmesi po3noodineHux cxem Ha OCHOSI Ninill nepedaui HeoOXIOHO GUKOPUCMOBY8AMU
KOMNAEKCHI QDYHKYI 080X HACMOMHUX 3MIHHUX, W0 00360/18€ nobyodyeamu OO0SLIbHI CXeMHI (QYHKYIl ma noeHicmio
oxonumu Kuacu @I3uUYHO peanizo8anux nepedasanvHux @QyHxkyiu. Ompumano onuc eiemeHmis «iHOYKMUGHICMbY |
«emHicmvy 6 Knaci QyHKYiti 080X KOMNJIEKCHUX HYACMOMHUX 3MIHHUX, WO O0360J5€ CUHME3Y8AMU CXeMu 3
sUKOpucmanuam ioetl i memodis meopii cxem Piuapoca.

Knio4yoBi cnoBa: YOTUPUMNOMKOCHUK, MaTPULA MPOMYyCKaHHS, XBUMbOBWUIA OMip, MPOBIAHICTb, 30iXHO-pO36ixkHa NiHis
(CDL), 36ixH0-36ixHa niHig (DCL).
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