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ABSTRACT

An extension of the common two-port cascade connection toageneralized n-port cascade connection is described. Inefficient
matrix algorithm k then derived which computes the S-parameters of the resulting network from the S-parameters of the two
connected networks.

Introduction

This paper describes an extension of the common two-port
cascade connection to a generalized n-port cascade connection.
Using this technique, the S-parametersof twoarbitraily
sized networks, which may be connected together at multiple
points, are combined to give the S-parametersof the single
resulting network. The connection k illustrated in Figures 1
and 2.

Definition of a Cascade Connection

In this context, a cascade junction maybe defined as a connec-
tion between two ports, each from a different network.
This junction then becomes internal to the resulting combined
network, so that no further accessk possible. A general
cascade connection may consist of many individual cascade
junctions betweers two networks. The only restrictkmk
that at least one port of the resulting network must remain
available to the o“utside world. -
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Consider the generalized cascade connection shown in Figure 2.
There are ncascade junctions, and the port numbers are

chosen such that the cascaded ports are the lowest-numbered
ones of each network. Network A has kports, network B
has 1 ports, so the resulting network will have k + 1 - 2n
ports. To compute the S-parameter matrix of the resulting
network, first partition the S-parameter matrices of networks A
and B each into four sections. For network A,
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Similarly, for network B,
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These eight smaller matrices, S1 through S8, are now combined

in Equations (3) through (6) to give the partitions of the result-

ant S-parameter matrix:

‘I
= S3S5 (I - S1S5)-1 S2 + S4 (3)

%
= S3S5 (I - S1S5)-1 S1S6 + S3S6 (4)

-1
‘III = ‘7 ‘1- ‘1s5) ‘2 (5)

The S-parameters of the resultant, network C, are then

Sc .

I’i

‘I I ‘II
—— ~z–

‘III 1 IV

. (7)

Degenerate Cases

Equations (3) through (7) are general and cover all cases

where k > n and 1 > n. That leaves only two cases which
must be considerech

1. k = n and 1 > n (all ports of network A are cascaded)–

In this case S2, S3, and S4 do not exist, which

eliminates Equations (3), (4), and (5). The complete
S-parameter matrix of the resulting network
is given by Equation (6 k

Sc
= ‘IV .

(8)

2. 1 = n and k > n (all ports of network B are cascaded)–

In this case S6, S7, and S8 do not exist, which

eliminates Equations (4), (5), and (6). The complete
S-parameter matrix of the resulting network C

is then given by Equation (3}

Sc =sl. (9)

Application

Equations (3) through (6) are readily implemented on a com-

puter. Only one matrix inversion is required, and the order
of the inverted matrix is equal to the number of cascade

junctions used. Consequently, computation can be rapid

even if large networks (in terms of ports) are used. For
a single cascade junction (the ordinary two-port connection,
for example), the matrix inversion degenerates to an arithmetic
inversion.

The use fulness of this algorithm lies in its flexibility to combine

arbitr=ily sized networks. Networks of 1, 2, 3, and 4 ports

are commonly used together in ~microstrip or stripline circuits,
and this provides a convenient analysis method. Because

only S-parameters are used, no parameter conversions are
needed on measured data or to get the output data into a

form usually desired by microwave engineers.

Example

To illustrate the application of this algorithm, consider the
computation of an ideal branch-line coupler. The first step
is to define basic circuit elements, which in this case will
be networks A, B, and C in Figure 3. These are then combined

repeatedly to produce intermediate networks D, E, and F.
The last combination produces network G, which is a branch-

like coupler. The calculated S-parameters of all seven net-

works are printed in Figure 4. The frequency is normalized
to the center frequency of the coupler.

The real value of this algorithm would be more apparent

from this example if nonideal elements were used to model
a real-world coupler. The ideal parallel tee (network C)
could be replaced with a circuit model for a microstrip tee,
and could be as simple or complex as needed.

‘IV
= S7 (I - S1S5)-1 S1S6 + S8 . (6)
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Figure 4 – Parameters for Networks A, B, C,
D, E, F, and G of Example
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Figure 3 – Connection Sequence for Branch-Line Coupler

Computation Example
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