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Short Paper

A General Equivalent Network of the Input
Impedance of Symmetric Three-Port Circulators

G. BITTAR anp GY. VESZELY

Abstract—Starting from the network model of ferrite-filled resonators,
a general equivalent network of the input impedance of symmetric, three-
port circulators is given. The main advantage of the network, that it
contains the original elements of the resonator model, so the physics of
operation can be clearly seen and the results of field analysis can be
directly used.

I. Tue NETWORK MODEL OF FERRITE-FILLED
RESONATORS

Hammer [1] gave the network model of ferrite-filled resona-
tors. If the resonator has a three-fold symmetry axis, the excita-
tions are on magnetic wall and only two resonator modes are
taken into account, then the network model can be seen in Fig.
1. The two ports marked by ¢ are nonreciprocal phase shifters.
They have the characteristic as follows:

Iy=—e L, Uy=e ®U, ¢=0,  +2n/3. %))

The values of Z,*, Z,~ can be obtained from the eigenvalues
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Fig. 1.

The resonator model.

and losses of the resonmator, and the transformer ratio T is
obtainable from the eigenfunctions of the resonator and those of
the coupling transmission lines [1]. The impedance matrix of the
three port in Fig. 1 is

Z, 2, 2,4
Z=\2y, Z, 2 )
z, Zy Zz,
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Fig. 2. General equivalent network of input impedance.
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Fig. 3. Equivalent network of the input impedance of stripline circulator.
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Fig. 4. Equivalent network of the input impedance of lumped-element
circulator.

where

Z\=Z +Z"

Zy=Z e /34 7~ ?/3

Zy=Z tein/3 4 7 —e=i2/3 3)
where

ZY=T*Z* Z =T7". 4

II. Tue INput IMPEDANCE OF THE TERMINATED
THREE-PORT AND ITS EQUIVALENT NETWORK

Let the ports 2 and 3 of the three-port (2) be terminated by a
complex impedance Z;,. The input impedance of port 1 can be
expressed in the following form:

(Z\+ 2o’ + 23+ 23-3(Z,+ Z) Z,Z,

Zy=—Zo+
® (Z,+Zo) - 2,27,

®)

Substituting (3) into (5) after a simple but lengthy algebra we
obtain
6Z*YZ +Z*Zy+Z " Z,

Z.=Z ) 6
032V Z 427V 2+ 2Z ~Zo+ 28 ©

It can be easily seen that the input impedance of the network in
Fig. 2 is the same as (6).

The network in Fig. 2 is the main result of this paper. It
contains the elements Z *, Z ~ of the resonator model, so it is of
general validity. Z*, Z~ can be complex quantities, so the
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losses can be included in the model. If external tuning elements
are used Z; is complex too.

The general conditions of the perfect circulation can be easily
obtained from Fig. 2.

1) Let Z* =jX and Z ~ = —jX (i.e., the parallel equivalent of
6Z* and 6Z ~,4Z* and 4Z ~ is infinite);

2) If 1) is fulfilled, then the matching condition Z,=Z, is
fulfilled, if r?=2Z% ie, 46(X2/2X)*=2Z%, ie, X/Zy=
1/V3, which is the well-known result.

III. ExaMPLES

In the case of a lossless stripline circulator Z, is real, while
Z* and Z~ are imaginary and Fig. 2 is transformed to the
network in Fig. 3. The values of L™, L~, and C in accordance
to [1] are

Lt= ‘lLefle[/ 22 1
w x”_l ( K 1 )2
1¥—
13 X%l_l
_ emR x7;—1
- ‘I’x%l 2 @

where R is the disk radius, ¢ is the coupling angle, x,;=1.84,
and u, k are Polder tensor elements. Using these values the two
conditions of the perfect circulation are in agreement with the
well-known results [2], [3].

The lumped-element circulator can be regarded as a ferrite
filled resonator excited below the lowest resonance frequency.
The approximate network model of such a resonator contains
only two inductances L™, L. These elements are not sufficient
for tuning the circulator, therefore complex terminal admittances
1/Zy+jwC are used at ports 2 and 3, and a parallel capacity C
at port 1. The network model of the input impedance can be
seen in Fig. 4. The conditions of the perfect circulation are the
same as in [4], taking into account, that L™ =p*¢/3, where § is
the geometrical factor defined in [4].

The table below shows a comparison between the bandwidth
computed by [4] and that one computed from Fig. 4. (The latter
is exact in the frame of the given model)

k/u 0.5 0.4 0.3 0.2 0.1
Aw/w [4] 0.16 013 0.10 0.068  0.035
Aw/w Fig. 4 0.15 0.12 0.089 0.059 0.029
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