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Synthesis of broadband multiport
phase commutators and uncouplers

Gennadij Chavka*

Abstract - Methods of synthesis, mathematical
models and parameters of broadband multiport
phase commutators and uncouplers are considered
in this paper. These circuits are used for a solution
of an optimal broadband matching problem for
acomplex n-port load. Structure parameters and
a synthesis of these networks are based on eigen-
values and eigenvectors of multiport scattering
matrices on jw-axis of the complex frequency plane.

1 Introduction

A design of an optimum multiport equalizer to match
an arbitrary multiport load is one of the classic
problems in the circuit theory [1,2,]. An application of
broadband n-port phase commutators and uncouplers
may carry out asolution of this problem [3,4,5].

The paper presents mathematical models and structu-
res of the multiport broadband phase commutators and
the uncouplers for a given resistive or complex n-port
load. It is used resistive and complex normalized
scattering matrices for a network connection [4,5,6].

The phase commutator is such network who provides
a distribution of output signals with the same ampli-
tudes and different phase of its (Fig.1,a). With the
change of an excitation input of the phase commutator
we have different distributions of output signal phases.

The uncoupler is named a multiport network provid-
ing atotal diagonal scattering matrix of the cascade
connection of the uncoupler and the whole multiport
complex load (Fig.1,b).

A synthesis theory of the phase commutators and the
uncouplers is based on power parameters coupled with
eigenvalues and eigenvectors of the multiport matri-
ces. Formulas for a computing of these parameters are
presented in the paper.

Obtained results may be used for the design of the
multiport networks of the different structure [7].

2 Scattering matrices and parameters
of phase commutator s and uncouplers

Consider a base theory of the phase commutators and
the uncouplers with use of a complex normalized
scattering matrix on the imaginary axis of the p-plane.
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The complex normalized scattering matrix Sy of
adouble-side n-order network N (Fig.1,a) is provided
by block relations:

— gsaa Sab l;'

S, = . (1)
N gsba Snde
For the reciprocal coupling network N:
Saa :Saat ’ Sob :Sbbt ’ Sab:Sbat (2)
and for the lossless network matrix Sy isunitary:
S, S, =1, 3)

superscript (+) denotes the hermit conjugate matrix.
For the cascade connection of multiport networks
(Fig.1,b) atotal scattering matrix is given by [5,6]:

S=S,+S,S.(1- S,S,)'S...

where S, - scattering matrix of the multiport load.

It is proved that a total normalized average power

absorbed by the whole multiport network (Fig.1,b) for
the arbitrary excitation vector is given by Rayleigh
ratio and limited by the minimum and the maximum

eigenvalues of adissipation matrix D [2,5,6]:
d..EP/P, =a.Da,/a.a, £d,., (5

(4)

where D =1- S*S- dissipation matrix of the whole

network; @, =0.5RJ°E, - excitationvector; R, -

a
real parts of the diagonal impedance matrix Z as di -
real eigenvalues of the matrix D.
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Figure 1: Phase commutator (a) and uncoupler for
amultiport complexload (b).
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The matrix D ishermetian and unitary similar to the
diagonal positive real matrix of itseigenvalues d ; :
D=V{d}V", d=d, VV' =1, ()
where V- acomplex unitary matrix of the eigenvectors
of the matrix D.

In general case the scattering matrix of the multiport
load has asingular expansion [2]:

S =V {sIW,, V\V(=1, W W=1, (7)
where S - singular values of the matrix S ;V, , W, -

complex unitary matrices of eigenvectors of matrices
S.S; and S| S, correspondingly. Notice that for

anormal scattering matrix (S S;=S'S, ) we have:

S =V {s}V/, V.V/=1. (8)
For the lossless coupling network N in (Fig.1,b):
di=1|s|”. )

Hence the optimization and the multiport matching
problem comes to maximization (minimization) of the
eigenvalues (singular values) of the dissipation matrix
D (matrix S, ) at the frequency band [5,6].

The double-side multiport network N (Fig.1l) is
named the uncoupled-matched network that has zero
diagonal blocks of the scattering matrix:

=S, =0. (10

In general the phase commutator is the uncoupled-
matched network and provides a transmission between
inputs and outputs only with various distributions of
output signal phases with a change of excitation input.

The synthesis methods of the phase commutators by
use of two-port hybrids are described in [4,7].

For the cascade connection of the uncoupled-
matched network and multiport load (Fig.1,b) from (4)
and (10) we have:

S=S,S.S,,. (11)

Further, if these transmission blocks of scattering
matrix of uncoupled-matched network are equal to
hermit conjugate eigenvectors matrices of the load
scattering matrix:

S VL' Sba_

then total scattering matrix of this cascade connection
from (11) isdiagonal:

S={s}=V/S W/

C (12)

(13)

It means that the all input ports of cascade connec-
tion (Fig.1,b) are mutually uncoupled; this uncoupled-
matched network is named by uncoupler for given n-
port load. Notice that in general case this uncoupler is

nonreciprocal because S, 1 Sy ¢ -

normal load scattering real orthogonal
matrix S, eigenvectors T of S|
nonreciprocal uncoupler | reciprocal uncoupler
S _€0 V*u S _€é0 Ttu
NT@v 0 NTET of
Spa=V,VV*'=1 [S, =V=T,TT =1

Table 1: Scattering matrices of the uncouplers.

m| n Transmission matrix Circuit Uncoupler con?&?iitor
1 lo
1|2 T= J—g E reciprocal | reciprocal
Reciprocal phase commutator
d 1 1 1y
_14 j-1-jd non- ,
21 4|V _E%- _1 1-10 o—u><u—o reciprocal reciprocal
U
d-j-1 i
é J2 1 ou °
¢ ; '
T—lél 0-1 ‘/El] -
3| 4 _2é1- \/5 1 04 reciprocal e
& 0-1-42§
a1 1 1 lo H H o 1
14 1-1-10 3 o%<u—o 3 . .
4 4 T_E%-' 1 1- 10 20 02 reciprocal | reciprocal
{ H| [(H
gl.- 1-1 10 4 og_u—o 4

Table 2: Matrices and structures of the uncouplers and the phase commutators (mis a number of the circuit).
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m| n Transmission matrix Circuit Uncoupler corsgist’z\tor
¢ 1 11 1 1 1 140
&l a j-al-1-a-j aly
é j -1-j 1 j -1-j4d Hybrids, phase shifters, non
1gl-at-j a -1 a' j-ag circulators .| reciprocal
V=
5|8 831_1 1-1 1-1 1_15 a=ep (jp/4) reciprocal
€1-a | a’-1a -j-all
e . . . u
gl-j -1 1-j -1 g
g a'-j-a -1-at j a§f
1
gl«/EJE«E 1 0 o ol c
d 1 0-1-1 142 19 3
gt 0-42 0 142 o«lig
6lglrotd -1 0 1-1 142 1 7
89-v2 J2-42 1 0o o o 2 |reciprocall  ——
4 -1 0 1-1-142 -1g 8
& o2 o 12 o2y 4
u
d 1 0 -1-1-1+2 -14 5
. 11lo ol
€7 1 1 1 1 1 1 1 5
€142 1 0-1-42 -1 oﬂg o3
€1 1-1 -1 1 1-1 -1t
78T:ig1 0-142-1 0 1-424|7 70
J§gl -1 01 -1 1 -1 1 -182 0?2 |reciprocal|l ——
é1-42 1 0-142 -1 od|g 6
g1 -1-1 1 1 -1-1 Wla, ol
61 0 -1-y2 -1 0 1 2g H H
8o 8
lo ol
¢1 1111111 5 9
€1-1 1-1 1-1 1-1 3 03
§11-1-1 1 1-1-1
glg| To Lél-1-1 1 1-1-1 15 (7 4 .
" J/gél1 11 1-1-1-1-10 |2 o5 | | reciproca
€1-1 1-1-1 1-1 10 |¢ 6
§1 1-1-1-1-1 1 13 |40 o7
gl-1-1 1-1 1 1-1y 8 H H H g

Table 2: Matrices and structures of the uncouplers and the phase commutators (cont.).

For particular cases of a normal load scattering
matrix S, and the real orthogonal eigenvectors T
a general structure and the transmission blocks of the

uncoupler scattering matrix are shown in table 1. It is
proved that the uncoupler is reciprocal for real

orthogonal eigenvectorsof S, only [4,7].

3 Phase commutators and uncouplers

Consider a synthesis of the phase commutators for
resistive loads (Fig.1,a) and the uncouplers for a multi-
port load withring symmetry in given frequency band

(Fig.1,b).The corresponding transmission matrices and

results of the synthesis of these networks are shown in
table 2. For ring symmetry scattering matrices for 2-
and 4- orders of the multiport load have next forms:

5 ggbgbu

—ébu _dabcu

SLz_é)ag ! SL4—éCb a by’ (14)
@ chbag

Impedance and dissi pation matrices have the same kind.
The eigenvectors of these matrices are shown in 1 and
2 lines of thetable 2. The eigenvalues of matrices (14):

n=2: s,=azh, (15)
n=4: s,=ax2b+c, s,=s,=a-c. (16)
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For the 8-order multiport ring complex load the scat-
tering matrix and corresponding eigenvalues are:

dabcde
é&cbabcdedq
_&dcbabcden
Sis=gedcbabcdg a7
@dedcbabcqg
acdedcbabyg
@cdedchbag

S5 =ax2b+2ct2d +e, s; =5, =a- 2c+e,
S, 4= 58,6:aib«/§¢d«/§- e.

The eigenvectors of the impedance and scattering

matrices are shown in line 5 of the table 2.
For n =2 we have a simple symmetrical load, then

the both the phase commutator and the uncoupler are
reciprocal and its are usual hybrids (m = 1 from table
2). Principle of the work of the hybrid is presented in
(Fig.2). This two-port phase commutator realize equal
and opposite phases of the output signals with switch-
ing of the inputs. Input parameters of this uncoupler
with the symmetrical 1oad are described by (14), (15).
Constructions and frequency characteristics of the
hybrid on transmission lines are presented in [4,5].

1 o 1 o

—= O 19 1 O 90
0 [0}
2:.: 0y = 00 92:.: 0 ,—=> 180

Figure 2: Principle of the work of the hybrid.

(18)

For n=4 and n=8 the matrices (14), (17) have
double eigenvalues (16), (18); it means that there are
infinite number of schemes realized by any linear
combination of the eigenvectors corresponding to the
multiple eigenvalues. Part of these is shown in table 2.

For n =4 three networks are represented. First of
these has complex unitary transmission matrix that de-
scribes nonreciprocal uncoupler and reciprocal phase
commutator. The uncoupler may be realized by use of
hybrids, phase shifters and circulators. In the same
case reciprocal phase commutator is a known Butler
matrix and realizes a quadrature phasing of output
signals with switching of it's inputs with phase shift
Dj =(k-1)p/2, wherek is number of excitation input.
Thus Butler matrix is not uncoupler for thisring load.

The second and the third real orthogonal matrices
for n =4 are designed by summation and subtraction
of the eigenvectors corresponding to eigenvalues 2
and 4 in (16). In this case networks 3 and 4 from table
2 are reciprocal uncouplers and circuit 4 is reciprocal
phase commutator. But scheme 3 is not commutator
because transmission matrix consists of zero elements
and not all inputs connected to all outputs.

All uncoupler (m = 2, 3, 4) have insulated inputs for
ring load with parameters described by (14), (16).

For n =8 four matrices are shown in table 2. First of
these (m= 5, table 2) represents a complex unitary
transmission matrix corresponding to nonreciprocal

uncoupler for the ring complex load and reciprocal
phase commutator with output phases:.Dj =(k - )p/4.

The next networks (6 and 7 from the table 2) are
designed by the summation and subtraction of the
eigenvectors corresponding to double eigenvalues
2and 8,3 and 7, 4 and 6 in (18). In this case we obtain
real orthogonal transmission matrices too. These
devices are reciprocal uncouplers for the given ring
load but its are not phase commutators because the
zero elements exist in the transmission matrix.

At last fourth network (m=8) is a reciprocal phase
commutator with real orthogonal matrix but it is not
uncoupler because last four columns of the trans-
mission matrix are not eigenvectors of the matrix (17).

All uncoupler (5-8) have insulated inputs for the
given ring load with the parameters described by (17),
(18). All reciprocal uncouplers and phase commutators
(6 - 8) may be realized by use of the hybrids[4, 7].

4 Conclusions

The presented theory based on the eigenvalues and
eigenvectors of the n-port matrices, methods of synthe-
sis and the structures of the broadband multiport phase
commutators and uncouplers may by use for solution
different circuit problems, including an optimization of
the power signal transmitting in multiport structures.
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