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Synthesis of Superwide-Band Matching Adapters in Round
Coaxial Lines

Boris Markovich Kats, Valery Petrovich Meschanov, and
Alexander Lvovich Khvalin

Abstract—An algorithm for modeling stepped axially symmetrical dis-
continuities in round coaxial transmission lines (RCTLs) based on the nu-
merical solution of an integral equation is proposed in this paper. The al-
gorithm has been tested and the results of discontinuity parameter compu- a)
tations have been compared with those of the other researchers. High effi-
ciency of the algorithm allowed us to realize the procedure of the numerical
synthesis of the devices on RCTLs. The tabulated and graphical results of
the synthesis of superwide-band adapters for 58-to-50€2 RCTLs with
air medium are presented. The coaxial adapter for the line of 2.4/1.042 mm b
in cross section to that of 7.0/3.04 mm has been tested over the frequency
range from dc to 50 GHz.

Index Terms—Adapter, coaxial lines, electrodynamics, field matching,
integral equations, synthesis.

b2
I. INTRODUCTION az
Stepped axially symmetrical variations of geometrical dimensions L _¥_ Z_¥_ _ __\L___ >
constitute the most widely spread type of discontinuities in round 0 z

coaxial transmission line (RCTLs) (Fig. 1). Many publications [1]-[6]
have been devoted to their analysis. The methods currently used
and the program packages of their electrodynamics modeling @risl 1
in the majority of cases based on universal finite-difference circuits

or finite-element ones. The price for their universality is their high ) ]
algorithm complexity, which requires the use of highly productiv@f RCTLs. We also take into account the fact that due to azimuth sym-

computers and actually excludes the possibility of direct numericRetry, .onIyEon waves are being excited in the area of discontinuities.
synthesis of the devices on RCTLs. Thus, in area |, we have
This paper describes the algorithm for electrodynamics modeling of
stepped axially symmetrical discontinuities in RCTLs. The algorithni! = <exp (—ikoz \/E> — T exp (ikgz ﬁ))/z
is based on solving the integral equation obtained with the application
of the field-matching method. The method of moments has been used ad I
for numerical solution of the integral equation. High numerical effi- = TnanZi(xar) OXp(a""‘z)/x’"
ciency of the algorithm allowed us to realize the program of the direct
numerical synthesis of individual types of the devices on RCTLs. HL = <exp (—iko: ﬁ) + g exp (ikgz ﬁ))w \/T/ (rko)
The results of the synthesis of matched stepped adapters for RCTLs -
with large difference between the geometric dimensions and the data of ;) Lo L
experimental research over the frequencies up to 50 GHz are presented e ; LnZi(xar) exp(anz) /X" @
here.

b)

Stepped axially symmetrical discontinuities. (a) Single. (b) Double.

n=1

=1

and in area Il, we have
1. M ATHEMATICAL MODEL OF DISCONTINUITY

Let us consider the process of TEM-wave propagation in the coaxialEy' = To exp (—ikoz \/5> r— Z T B Z1' ()

line with stepped variation of radii;, b; of the inner and outer con- m=1
ductors [see Fig. 1(a) and (b)]. To model the system, we will apply cexp(—Fm=) /h
the method of integral equations. Let us consider its idea on the ex- - "
ample of a simple electrodynamic system with a single discontinuity o0

. . . L. . 11 - — S 11
[see Fig. 1(a)]. Let us assume that, in the inlet transmission lines, therdly = To exp (—ikoz Z2)w /Z2 [ (rko) —iwes > T Zi
exists single-mode power propagation. The fields in areas | and Il [see m=1

)

Fig. 1(a)] are presented in the form of incident and reflected eigenwaves )
. (FL,”T‘) eXp(—/jml R

wherea,, = \/\2 — 1k, Bm = /K2, — 2kZ, andke = 27/, In

the above expressionﬁ{(/\/nr), Z{I(ﬁ,mr) are the eigenfunctions of

areas | and Il
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x andx are the roots of transcendental equations be regarded as single ones and interacting only on the main mode. A
single-wave method of circuit theory can be used for the computation

Jo(xa1)No(xb1) = Jo(xb1)No(xar) of the electrical parameters of such electrodynamic systems. In a more
Jo(Kay) No(kby) = Jo(kby) No(ras) general case, the diffraction result will be defined by the interaction of

discontinuities on higher modes as well. In practice, the most important

Jo denotes Bessel’s functions of the first kindly denotes Bessel's case is the system of two discontinuities [see Fig. 1(b)]. The approach
functions of the second kind, arith, T, are, respectively, the reflec- described above may be applied for the computation of such systems.
tion and transmission coefficients for the main (: 0) and h|gher After the tangential components of the fields at the boundaries of uni-
(n > 1) Ey, waves. The componerf, of the electric field in the form areas I-lIl have been matched by analogy with (7), the system of
planez = 0 will be denoted by (r). With = = 0, we obtain from (1) two integral equations for the functions of the tangential components

and (2) of the electric-field strength at the two boundaries of the separation of
oo the above areas is obtained. Being cumbersome, the corresponding ex-
(1 -To) /'r - Z ThanZi(Xnr) /Xn =E(r) pressions are omitted here.
n=1
T /r 3 i T o 2 i) /Hm —E(r. 3) Il. N UMERICAL REALIZATION
m=1 Let us apply the method of moments in order to solve the integral
The boundary conditions in the plane= 0 have the form equations of type (7) [2]-[5]. The representation of the unknown func-
HL=HY, P <r<P tion E(r) in the form of a set according to the system of linearly inde-
El, E'=0, ay <r<az, by <r<b 4) pendent functions
where P, = max(a, as); P> = min(b;, b2). Using the orthogo-
nality of Bessel's functions and the boundary conditions (4), we get E(r) =Y "U;f;(r) (8)
Py |
To=1-1 /ln(b1 far) P, E(r)dr results in the transformation of the equation of type (7) to the system
Py of linear equations in the unknown coefficieffs. This system can be
In=—xn /((\n 51n)/ E(?‘)ZI(/\/N)?‘ dr solved numerically after having been reduced by specifying the final
‘Pfl term numberV in the expansion (8) and the final term number in the
T, =1 /ln(l>2/a2 ) / E(r)dr expansion of the Green’s function. The main problem while computing
the matrix coefficients of the system of linear equations is the compu-
) SR tation of the integrals
Ty = —FKm /(/jmszm) E(r)Zy (kpmr)rdr (5) Py
. I 1 . / F5(r)rZi(cr) dr 9)
where the integration is over the “clearance” of the waveguides Py
[Pi, P]. The factorsSi.., Sz, in (5) are defined as follows: since, in case of a poor choice of tfigfunction system, the time con-
o/ 1 2, I 2 sumption will be large
Sin =0.5 <b1 (Zl (X"bl)) ! <(Zl("7"”’1)) The numerical experiments performed by the authors define the set
of the basic functions of the foriyr as an optimum one for modeling
- Z(I)(Xndl)Zg(Xnal)>> the electrodynamics systems under consideration. In view of this, let
) ) us represent the unknown functidi(r) as
Som =0.5 <b§ (Z}I(nme)) —a <(Z}I(Hma2))
E(r)= ZU £i(r)
711 1L Jj=1
Zo (maz) s (K’"“Z)»' r,  r()<r<r(G+1)
(6) fitr) = { : : (10)
S 0, r(j)y>r>r(j+1)
In (6), it is implied that wherer(j) = hj, h = L/N is “a step” on the line of matching the
Ziy(xnr) = Ji(xn")No(anﬂ — Jo(xnb1)Ni(xnr) areas[ is the line section length of matching the areas, Ahis the
Z“(,m7 ) = Ji(km?)No(Kmbz) — Jo(Kmbz) Ni (Kmr). number of sections. Substituting (10) into (7), we come to the system

With the condition (4) for magnetic fields, after having performed el?f 2V linéar equations in unknown coefficiedty. The matrix elements
mentary transformations, we get the integral equation in case of single discontinuity [see Fig. 1(a)] have the form

Pz Uk; = ei/In(bi/a)++/e2/1In(ba/as) ) In(rpm /7
21— E(")d”'<\/§/ln(b1/a1)+'\/S/lll(bz/az)> ‘ (\/1 (/ / /)—l—)’L vez/In(bz/ )) (ks /1)
“In(ra /i) +iko

Lt
N
— thor (:” Z/ ’E(’)Zl XnT)dr Zl Xn’)/&nsln e ZQ.U |:an)¢i (bfo(anl)—af-Zf()gna‘l)):|
n=1 n=1
+ 29 Z/ rE(r) 2y (kmr) dr Z%I(anr)/(18777,52777')> . [ZO(XTLTM)_ZD(X””)] ' [ZO(X"”H)_ZD(X’”’]')]
m=1 M
=0. @) - » 10 {B,milbng(ﬁmbg)—aszf(ﬁmaz))}
Thus, the problem of analysis reduces to the solution of integral equa- m=1
tion (7) : [ZO(KmTkJrl)_Z()(Hrnrk)]

The existence of several discontinuities is possible in the devices on
RCTLs. In case such discontinuities are arranged so that the extreme . [Zo(n ¥ 1) = Zo (K7 )] — 2/ In(rs /rj)
fields of the neighbor discontinuities are not in superposition, they may ' ' !
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1 TABLE |
OPTIMIZATION RESULTS FOR ACOAXIAL -TO-COAXIAL TRANSMISSION-LINE
08 + ADAPTER
T
Rel byb; dy/(2b3) d(2bs) VSWRomax VSWR e

06 + 1.0 0.000 0.000 1.000 1.000
1.2 0.066 0.049 1.003 1.024
0.4 + iml 14 0.093 0.078 1.009 1.042
1.6 0.107 0.095 1.014 1.051
1.8 0.116 0.106 1.014 1.054
02 + 2.0 0.121 0.112 1.012 1.055
2.2 0.123 0.116 1.009 1.055
‘ ) 2.4 0.124 0.118 1.009 1.053
0 ; ‘ ‘ g ‘ ! 2.6 0.125 0.119 1.009 1.055
0 10 20 30 40 50 60 70 2.8 0.125 0.119 1.016 1.058
Frequency, GHz 3.0 0.126 0.118 1.025 1.067
32 0.124 0.117 1.035 1.076
Fig. 2. Dependencies of the modulus, real, and imaginary parts of the _3.4 0.124 0.116 1.046 1.088
reflection coefficient. 36 0.123 0.115 1.057 1.101
3.8 0.122 0.114 1.067 1.116
4.0 0.121 0.112 1.077 1.131
where N, M is a number of higher modes taken into account. The _42 0.120 0111 1.088 1.148

procedure described above actually results in matching by points the
tangential components of the magnetic field at the planes of RCTLs’
joints. 0.15

A package of programs for the analysis of single and interacting axi-
ally symmetrical stepped discontinuities in RCTLs has been developed
on the basis of the method described above. The system of linearequa . |~ do/2bs) T
tions has been solved numerically with the application of the Gauss ' g
method, the main element being chosen by the columns.

The solution of test and real problems showed, in general, good con-
vergence of the results under the increase of the section numbers 0.05 1
and . This may be attributed to an appropriate choice of the system
of basic functions (10), which allows one to take into consideration in
an explicit form the basic propagating TEM mode. As an example of
the computation with the method presented, Fig. 2 shows dependencie: 0 et
of the modulus, real, and imaginary parts of the reflection coefficient 114 18 22 26 3 34 38 42
I, for the joints of RCTLs (the RCTL parameters [see Fig. 1(a)] are ba/by
b1 = 3.5/2mm,b, = 7/2mm,a; = 1.52/2 mm,a; = 304/2 mm,
ands; = = = 1). Fig. 3. do, d as functions ob3/b;.

To test the package, the parameters of the discontinuity shown in
Fig. 1(a) have been computed. The comparison of the modeling results
with those [3], [4] for the case; = 2 = 1 showed good convergence,
as the discrepancy did not exceed 3%. It should be noted that the result
of [3] and [4] have been obtained over a limited frequency range and 115
with a small number of higher wave types considered.

di(2b3)

dibs

110 +

VSWR

IV. OPTIMIZATION OF 5042 ADAPTERS FORRCTLS

VSWR ey /

The discontinuity [see Fig. 1(b)] is most commonly used in practice 1.05 + VEWROmax
as an element of wide-band matching of coaxial lines, which have dif-
ferent geometric dimensions and dielectric mediums. The first results
of the theoretical analysis of such a discontinuity for an individual case
of geometry have been obtained in [6]. In a quasi-static approach, it has
been shown that for the case of QORCTLs with air dielectric medium

(e1 = g2 = =3 = 1), the prescription of the paramet&in the form Fig. 4. VSWR0 max andVSWRwax as functions obs /b,.

1.00

14 18 22 26 3 3.4 3.8 42
bs/by

d=2b; In (bg/m)/(s.og x bg/lh) 1)
is optimum. A more exact electrodynamics modeling has shown thdere V. = (d) is the varied parameter vector. When solving
the optimum valued, somewhat exceed those given by (11). Howevetie problem (12), we assumed that = b, b3 = 7/2 mm,
the data published earlier is given in graphic form and is of illustrativer = @2; a3 = 3.04/2 mm,e1 = &2 = 3 = 1, fmin = 0, and
character. fmax = 20 GHz.

Let us solve the problem of the adapter optimization. Let us reduce itfTable | presents the results of the numerical optimization for the
to the search of the value of the varied parameter véétonder which  valuesl < bs/bi < 4. For convenience, Table | also presents the
the reflection-coefficient moduld| is minimum over the prescribed values ofd computed according to (11), values &f, and the max-
frequency range imum values of theVSWR,,..x, and VSWRy wmax Of the adapters,

. the lengths of matching sections of which are, respectivendd, .
ot fe[f,filixfmx] ILC VI 12) Figs. 3 and 4 show plots @f, do, and alsOVSWRmax, VSWRo max
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1.30 TABLE I
N d, v ba, OPTIMIZATION RESULTS FOR ACOAXIAL -TO-COAXIAL TRANSMISSION-LINE
1.25 1 oo 2 ADAPTER
1 1 0.85 1.52 7.00
1.20 2 0.79 1.52  17.00 b/b; 4(2b3) /by /b VSWRomax
£ 1.03 172 Nt 1.000 0.000 0.434 1.000 1.000
@ 115 1.077 0.122 0.413 0.968 1.005
] 1.167 0.131 0.391 0.941 1.006
1.10 1273 0.138 0.364 0.928 1.004
1.400 0.147 0.329 0.887 1.016
1.0 3 1556 0.147 0.310 0.887 1.018
1.750 0.147 0.279 0.886 1.014
1.00 ‘ ‘ ‘ = — ’ 2.000 0.147 0.247 0.885 1.008
6 5 1 15 20 25 30 35 40 45 50 2.333 0.148 0219 0.883 1.010
Frequency, GHz 2.800 0.147 0.192 0.886 1.015
2917 0.147 0.186 0.886 1.017
Fig. 5. Frequency characteristics of the adapters. 3.043 0.146 0.181 0.887 1.021
3.182 0.146 0.176 0.891 1.027
3333 0.146 0.170 0.894 1.034
i . 3.500 0.145 0.169 0.884 1.044
as functions ob; /b, . Fig. 5 (curves 1 and 2) shows frequency charac- 3 ggs 0.144 0.163 0.887 1.050
teristics of the adapters for an RCTL, the lengths of the matching sec- _3.889 0.143 0.158 0.890 1.057
tions of whichdo, d correspond to the data given in Table |. The RCTL 4118 0.142 0.151 0.900 1.063
; i ST 4375 0.140 0.146 0.904 1.080
parameters [see Fig. 1(b)] are as follows: = a> = 1.52/2 mm, 4667 5790 0142 0.008 1091
az = 3.04/2 mm, b = 3.5/2mm, by = b3 = 7/2 mm, and 5.000 0.140 0.136 0.908 1114
€1 = g9 = 3 = 1. 5385 0.137 0.135 0.908 1.148
In the research available, the solution of the adapter optimization zggi ggg 83? ggig H%
problem was reduced to the choice of an optimum valugis obvious, =000 0131 0112 0.942 1080
however, that there exists the possibility of varying the geometrical di- _7.778 0.126 0.107 0.964 1.190
mensions ofio, b, as well in the area of discontinuities. The numerical 8750 0.123 0.099 0.979 1.252
. ) .. 710.000 0.121 0.089 1.012 1218
experiments carried out by the authors have shown that the variation <7z 0117 0,080 1008 1220

of the geometrical dimensions ef, b, has a pronounced effect on
the adapter frequency characteristics. In view of this, the optimization
problems (12) have been solved in a new setup. It was assumed that

V = (d, az, b2), fmax = 50 GHz. The results of the optimization 1 2 3 4

problem solution are presented in Table Il. Fig. 5 (curve 3) shows th - / "‘x 1 )
plot of voltage standing wave ratio (VSWR) versus frequency for the .

connection of 502 coaxial lines of 7.0/3.04 and 3.5/1.52 mm in cross ]
sections over the frequency range from dc to 50 GHz. The geometric &
dimensions of the matching element are shown in the table of Fig. 5.

Considerable practical advantages of the obtained solution of the o
timization problem manifest themselves when the necessity arises .
match RCTLs with large differences of geometrical dimensions. Suc
problems appear, e.g., while designing coaxial probes on RCTLs «
particularly small cross sections. It is easy to verify that the use ¢
the optimum solutions allows one to obtain satisfactory matching of
the RCTLs, the geometrical dimension ratio of which reaches 8_llgg. 6. Construction of the adapter. (1) Inner conductor of coaxial connector

with the help of only one discontinuity. When using the solutions copc-2.4. (2) Matching element. (3) Volumetric absorber. (4) Body.
responding to Table I, the solution of the analogous problem would re-

quire the use of a technically more complicated matching transformer
of considerably greater length comprising from 2 to 4 discontinuities

separated by the RCTL sections of a quarter-wavelength. 0 ' ' ' ‘ ‘
10 20 30 40 50 80

N
N

$240
i
t
il

b3.04
$7.00

Rl SN I

1.03

130

b 1.402

V. EXPERIMENTAL RESULTS

In order to evaluate the reliability of the results obtained, the samp
of the optimized adapter for an RCTL with increased geometric dimet
sion ratio has been experimentally studied. The adapter design (Fig.
is formed by a compensating section with optimum geometrical d
mensions 1 and volumetric absorber 2. The results of measuring t
adapter return losses over the frequencies up to 50 GHz are given
Fig. 7 (curve 1). For comparison, the return losses’ frequency che
acteristics (curve 2) of matched load on a volumetric absorber is al
shown in this figure. The measurements were performed with the 80
8510 analyzer. It should be noted that rapid increase of return loss Frequency, GHz
in the low-frequency region is motivated by the mismatching of volu-
metric absorbers. The results obtained testify to a good agreementigf 7. Frequency characteristics. (1) Matched load on volumetric absorber
computed and experimental data. HP00915-60004 (4.50 GHz). (2) Data of experiment.

Return losses, dB
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VI. SUMMARY

[1]

This paper has described an efficient algorithm for modeling axi-
ally symmetrical discontinuities in RCTLs suitable for the analysis of 2l
a wide class of axially symmetric nonuniformities with air and dielec- [3)
tric medium. On its basis, a package of programs for the synthesis of
the devices on RCTLs has been developed. The solutions of the syn-
thesis problems found provide a shortage of the adapter Iongitudinaw
dimensions and improve their electrical parameters for a wide range
of geometrical dimensions. The results of the experimental research ofs)
the adapter for RCTLs of 2.4/1.042 mm in cross section to those of
7/3.04 mm over the frequency range from dc to 50 GHz have proven
the reliability of the theoretical results obtained and the accuracy of the 6
analysis and synthesis programs developed. The software created can
be used for the development of various devices on RCTLs.
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