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As a new method to design microwave branching

or combining circuit which has many terminals,

Multi-Port Lattice-type Hybrid network is proposed.

We have analyzed the network, and several useful

networks have been designed practically.

Introduction.

In a microwave branching or combining circuit
where many input and output terminals are needed,

a combination of several four-terminal pair hybrid

circuits has generally been employed. A bigger

and more complex composition is formed as the re-
quired number of input and output terminals is in-
creased.

In order to solve this problem, a composition

applYing the multi-terminal pair network theory is
proposed. This network can be applied to all kinde

of transmission lines such as waveguides, coaxial

cables, strip lines ad so on.

Composition of the Network.

Figure 1 shows the diagram of the Multi-Port

Lattice-type Hybrid network. This network is com-

posed of arbitrarily selected M and N pieces of

parallel transmission line arranged orthogonally.

Spacing between the lines can be selected arbitra-
rily. The example analyzed in this paper uses a

spacing of 1/4 wave length of the center frequency.
This network is called the N sections 2M-Port

(Lattice-type) Hybrid network. Each terminal pair

and transmission line in Figure 1 is shown as one
1 ine. The conventional four-terminal pair hybrid

network is shown as a 4-Port Hybrid (M=2).

Analysis of the Network.

The various characteristics of the Multi-Port

Hybrid network can be obtained by using a matrix.

That is~ given the terms of any one matrix (-LBCD,
impedance, admittance, scattering etc.), the terms
of any other matrix may be obtained by applying a
conversion formula. Thus, the characteristics
such as coupling, isolation and impedance among the

various ports can be computed. The frequency band
characteristic of a hybrid can also be obtained by

mathematical calculation if line length is given.

To analyze a Multi-Port Hybrid network, a computor

was used for converting the matrices and to calcu-

late the various characteristics.

Numerical Solution.

Several examples of numerically analyzed data
about the Multi-Port Hybrid network are shown as
follows:

First take an example of the hybrid network
M=3 and N.2 (3H2) shown in Figure 2. Here, the
normalized admittance of all transmission lines is

1, and the spacing between the lines is 1/4 wave

length of the center frequency. Power at the

center frequency applied to port 2 can be distrib-

uted equally among ports 1,3,4 and 6. The curve

marked 2 - 1 and 2 + 3 shows the transmission
characteristics from port 2 to ports 1 and 3. The

figure shows that the coupling at the center

frequency is 6 dB. As the frequency increaees,

the coupling (dB) also increases. In the same way,

curve 2 ~ 4 and 2 - 6 shows the transmission

characteristics between ports 2 ~ 4 and 2 ~ 6.

The coupling at the center frequency is 6 dB as

with curve 2 ~ 1 and 2 - 3. That is, at the
center frequency applied power is divided equally

into the four ports. As the frequency increases
the coupling (dB) of 2 - 4 and 2 ~ 6 also in-

creases, but more gradually than 2 -D 1 and 2 d

3. Curve 2 ~ 2 shows reflected power caused by
impedance mismatching. At the center frequency,
return 10ss is infinitive since impedance is
matched. Increased deviation from the center
frequency causes the return loss (dB) to be de-
creased as shown in Figure 2. Curve 2 - 5 shows
the isolation characteristic between ports 2 and5.

Figure 3 shows au example of the network N=
M+l (MHM+l). The number of section in this net-
work is one more thsm the line number. The nor-
malized admittance and spacing of lines are
selected as same as Figure 2. The characteristic
of this network is that the transmission loss
between two ports, symmetrically located in the
geometrical center of the network is zero dB.
That is, there is no transmission loss between
ports 1 ~ 6, 2 - 5 and 3 ~ 4 at the center

frequency as shown in Figure 3. The characteris-

tics of the network #M+~ can be considered to be

the same as those of an expanded type of well

known 2H3 network (M=2, N=3).

Figure 4 shows the characteristics of a prac-
tically designed 3-way divider N&3, N=2 (3H2).

The input power applied to port 2 is equally divi&

ed among ports 4 5 and 6.
i

By applying the odd and
even mode method , the matrix was solved and nor-
malized admittance 1 and fivere obtained. The
transmission characteristic curves are also shown
in Figure 4.

Figure 5 shows the characteristics of a prac-
tically designed 3-way divider I&3, N=3 (3H3).
This network edds one more section to the 3H2 net-
work of Figure 4. A computor was employed to solve
the matrix. It is clear by comparing Figure 4 and
Figure 5 that the transmission frequency band is
increased as the number of section is increased.
The measured characteristics and photograph of this
network are shown in Figure 6 and Figure 7, re-
spectively.



Conclusion.

As a new method to design microwave branch-

ing and combining circuits, the Multi-Port Lattic*

type Hybrid network is proposed. Several networks

designed in this way have already been used in
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Figurel. Diagram of Multi-Port Lattice-

Type Hybrid Network
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Figure 2. Theoretical Characteristics
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Figure 3. Theoretical Characteristics Of

3-Way Cross Network
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Figure A. Theoretical Characteristics of

3-Way Divider(2 Sections)
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Figure 5. Theoretical Characteristics
Figure 6. Measured Characteristics of

of 3-Way Divider (3 Sections)
3-Way Divider (3 Sections)

Figure 7. Photograph of 3-Way
Divider (3 Sections)


