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Abstract

New results are presented for the circulation conditions and

predicted performance of a symmetrical Y ring circulator

(6 GHz) and of a new asymmetrical W disk circulator (94

GHz). Thelatter hastwoports positioned 60” away from

a middle port. The components can, in principle, be more

compact than conventional disk circulators.

Introduction

Circulators incorporating ferrite rings have been investi-

gated to a lesser extent than disks[z–al. Nagaot2,31 has in-

vestigated double-frequency operation and Dimitriyev and

Davis[4 ,51 have derived circulation conditions and consid-

ered some novel arrangements.

The purposes of thk paper are to (a) dkcuss the design

and predicted performance of ring circulators, and (b) to

introduce a new W-junction disk circulator. Both of these

types of components may have some layout advantages but

at the expense of a reduced bandwidth. Ring circulators

require higher impedance feeder lines than disk circulators.

Thk may obviate the need for transformers to 500 lines,

thereby allowing a reduction in the overall size of the final

component. The new W-junction circulator is asymmetri-

cal and has two of its three ports positioned 60” away from

the middle port. To have the ports located on one side

of the junction in this way may have advantages in situ-

ations where the area for the circuit layout is restricted.

The design and predicted performance of W circulators is

dkcussed.

Ring Circulators

The central conductor configuration of the three-port

stripline ring circulator is shown in Fig. 1. Symmetrical

junctions to be treated in thk paper could be obtained by

setting & = O, 42 = ?$, #n = ~, +1 = $2 c $3 z *, Or

W, = W where

w, = 2Rsm(4,) $ = 1, 2, 3. (1)

The magnetized ferrite rings filling the space between the

central ring conductor and the ground plates have an outer

radius R, an inner radius I&, a relative dielectric pernlit-

tivity c,, and an effective relative permeability p,~f. Davis

and Dimitriyev[4’51 assumed that the inner curved circum-

ference of the ring exhibits a magnetic wall as welf as the

outer one. For perfect circulation between two ports to oc-

cur the remaining port must be completely isolated, there-

fore transmission from port 1 to port 2 is achieved by set-

ting the input impedance at port 1 to unity. Since Z,_l is a

complex quantity two circulation conditions therefore arise

as follows

Sl(z,nl) = o (2)

referred to as the first circulation condition, and

Y?(z,n,) = 1 (3)

referred to as the second circulation condition, where

Z,n, ==z,, - * (4)

The impedance matrix elements for the symmetrical ring

circulator have been derived, but are not included here for

brevity. The circulation conditions for the main mode of

circulation, (called Mode 1) for values of s = 0.2, 0.5 and

0.8, have been obtained previously[’1. These can be dis-

played in the usual way, i.e. for the first condition a graph

of Z2 = fieff R vs. ~, and for the second condition %& vs.

~. The actual impedance ratio[’1 is given by

(5)

If eq. (5) is superimposed on the graph of the second cir-

culation condition the intersection of the two curves deter-

mines the circulation frequency.

To predict the performance of a symmetrical Y ring cir-

culator and compare it with that of a Y disk a material

with 4~M. = 1782 G and Cf = 14 was chosen. The msg.

netiz ation frequency f~ = 5 GHz. A medium of dielec-

tric constant Cd = 10 was selected to surround the fer-

rite. If the required circulation frequency is 6GH2 then

I ~ 1= ~ = 0.832 and using eq. (5) ~ = IJ.469. From

circulation conditions for the disk[ll (s = O) and those for

s = 0.2, 0.5, and 0.8 rings, it was found by interpolation

and extrapolation that ifs = O (disk) then @ = 0.602 rad,

if s = 0.2 (ring) @ = 0.531 rad, and if s = 0.5 (ring)

* = 0.133 r~, while ifs = 0.8 (ring) it was not possible to
satisfy the second circulation condition. Using each of these

values of + and the appropriate first circulation condition,

the R values obtained were : with s = O, R = 3.42mm; with

s = 0.2, R = 3.44 nun; and with s = 0..5, R = 2.92 mm.

With these dimensions the performance of each circulator

was obtained by calculating the elements of the scattering

matrix [S] using the foRowing transformation
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(6)

m which [Z] is the impedance matrix and U] is the 3 x 3

unity matrix. Figs. 2, 3 and 4 show the reflection coeffi-

cient s I I, the isolation coefficient sm, and the transmission

coefficient SM, of the disk, and thes = 0.2 ands =0.5 Iings,

respectively. It can be seen that the disk exhibits the widest

bandwidth. The insertion loss spike that occurs with the

disk, due to the n = +2 terms in the field expansion, be-

comes wider with the s = 0.2 ring, and very wide with the

s = 0.5 ring.

Figs. 2, 3 and 4 do not necessarily represent optimum

performance and further work is in hand.

Asymmetrical W disk

Circulators

The newly proposed W stripline disk circulator is shown in

Fig. 5. The conditions for circulation from port 1 to port

2 and from port 3 to port 1 are identical and are shown in

Fig. 6(a,b). The conditions for circulation from port 2 to

port 3 are shown in Fig. 7(a,b). Clrcuiation conditions for

transmission 2+ 3 and 3 + 1 resemble equation (2) and

(3) with Z,n, and Z,~s in place of Z,~~.

Z,fiZ and Z,j;2.mr3 given by :

Ztlu = Z22 – ~ (7)

and

z,”, . z,, -9 (8)

The maximum coupling angle allowed for the W-disk is

h.. = % = 0.52 r~. AS can be seen fiOm Figs 6(b)
and 7(b) the impedance ratios are negative and so circula-

tion will occur in the opposite sense from that indicated in

Fig. 5. These Mode 1 circulation conditions are restricted

to I ~ ]< 0.5, and therefore the circulation frequency must

be at least 2f~.

To explore the predicted performance of these W-

circulators, a ferrite with 4TM, = 5000 G and Ct = 12.5 was

chosen. The surrounding dielectric medium was selected to

be quartz, cd = 4.4, and the circulation frequency 94 GHz.

The design procedure described above was followed with

the two sets of circulation conditions shown in Figs. 6 and

7, and each resulted in different dlmensionaJ data, R and 4,

as listed in Table 1. The predicted performance of design

Design A based on 1+2 Conditions

Rm mm+ I 0.277

@ in radian + 0.219

~

Design B based on 2+3 Conditions

Table 1: Disk Data for The W disk

#lgned when tbe input is at port 1 and the output at port

3. When the input is at port 2 or port 3, the reflection

10.s or the isolation is misaligned (off frequency). It is not

known yet whether the design parameters can be adjusted

to produce improved frequency ahgnment.

Conclusion

The symmetrical Y ring circulator exbiblts a narrower

bandwidth than that of the symmetrical Y disk circulator.

However, in general the outer radius of the ring and the

coupling angle are smalIer than those required for the disk

and therefore, in applications where broad bandwidths are

not required, a ring circulator may provide a more compact

component without the need for matching transformers.

The asymmetrical W disk circulator is a novel structure

which provides opportunities for a more compact layout

than a Y circulator in some circumstances. Circulation

between the ports separated by 240° provides s-parameters

that are well-aligned with the design frequency. Circulation

between the other two ports shows some misalignment. An

immediate application of a W disk structure would be as a

compact iso-circulator with a matched load on the middle

port.
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A & shown in Fig. 8(a) and of design B is shown in Fk.

8(b), with the input at each port in turn. It can be seen

that the insertion loss, isolation and reflection loss are well
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ig. 1 - Coordinate System for a ferrite ring Fig. 5- Coordinate system for a ferrite disk
Y circulator W circulator

I 1

Fig. 2- Predicted performance of intrinsic disk circtrfator, s = O
Parametersgive:. in text

1
Fig. 3- Predicted performance of intrinsic ring circulator, s =0.2

Parametersgiven in text,
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Fig. 4- Predicted performance of intrinsic ring circulator, s = 0.5
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Fig. 6- Conditions for circulation fmm Prts 1 to 2 and ports 3 to 1.
(a) Fwst condition @) Secondcondition
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Fig. 7- Conditions for circulation from ports 2 to 3.
(a) First condition (b) Secondcondition
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Fig. 8- Predicted performance of an intrinsic 94 GHz W-disk circulator.
(a) Using conditions in Fig. 6(a,b>
(b) Using conditions in Fig. 7(a,b).
Design parametersgiven in text.


