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Abstract

Ember,

We bring to evidence the o~ration of partially nmgnetized helm resonance Y junction circulators. We
elakorate a cnqlete coqyter prcgram taking into accoun t this state as well as the material dielectric and
mgnetic losses. We call for your attention upon the prevailing importance of the $ parameter in the definition
of narrow and wide band circulators, whether they be of the classical or crnqmsite type.

Introduction

The design of stripline and microstrip Y junction
circulators is generally based on the works of E0SP4?+

[1] andFay, andComstock[2 1 . Their works essen-
tially concern magnetized ferrites saturation and mnsi-
der lossless materials. The direct use of these results
in the belaw resonance Y junction circulator often
leads to a disagr~ t between theory and experienm.

No systematic exploitation was made for the case
of circulators operating in zones where the ferrite
is partially magnetized, which represents nrxt of the
uses of current circulators (frequencies higher than
1 GHz).

In this pa~r, we study tie structures which need

a weak applied magnetic field for which it is fitting
to use the ~rmability tensor of the partially ma-
gnetized ferrite givenbyGreen, Schlomann and al [3 1
We also indicate tie structure operating at saturation
state. We shall give the physical limitations of the
narrow and wide band circulators, insisting on the
iqortance of the $ paramster. We finally analyze the

~site jun~on circulators and we give the results.

Text

Y Junction stripline circulator

The study of the operating conditions of a strip-
line Y junction circulator led us to elakorate a

-lete _ter pr~am which takes into account
the dielectric and magnetic losses of the materials,
but also the state of the ferrite monetization. The
same hypothesis as those given by Bxzna[ 1 ] have
&em used to describe the boundary omditions; the
equations system which cxxms out of it is then (refe-
rence [4))

C = O (1) and (B) = 1 (2) when A = 1. Relation (I)
expresses the mxim-nn isolation and relation (2) the
minimum of insertion losses. Generally, equation (1)
only is resolved. In fact it is fitting to resolve
both relations at the s- tim2, for the solutions of
(1) do not necessarily verify equation (2).

The resolution of the circdation equation leads
to such relations as :

F(x, $,fo, Ed Hi)=o (3)

with x =
2.a fo

&f &eR; sin+~
c 2R

Eo : central frequency w : width of the trantis-
sion lines

R : ferrite radius Hi : internal field

P2_ K2
‘Je : cd : dielectric permittivity

u

The research of the zeros cuming from (3) is ~ssible,
by the use of a subroutine program for the om@ex
qations established in our laboratory [ 5 ] such as :
F(z) = O

This research is achieved inside a closed cnntoux,
the limits of which are given by the solutions of the
singular mints equation [ dn ] = O (reference 4)

The resolution of equations (3) gives us the values of
x when the ferrite Par=ters, f. , $ , Sd are known.
We take from it the value of the ferrite disc radius
to be used. In our calculation x is a conpl.ex quan-
tity as Well as Pe and cf . When the circdation
conditions are set, the imaginary part of the quantity
R beccmes negligible in f rent of the real part and
we find again the notion of the ferrite radius, a term
which is essentially real. It is then easy to obtain
the isolation and insertion losses curves of the cir-
culator created in that way.

If now, we consider the curves x = f(K\U) (fig.1)
obtained for different values of ~, we can observe
that for 4 < 15°, the values of x exist only for
the ratio IK zv 1<0,4. On the antrary, if @ is
superior to 15°, the IK / p I ratio varies from O to 1

Let us. consider now the opration of real narrow
band and below resonance circulators. Hosma indicated
that the optimum o~rating of the devices tmk place
for Hi equal to zero. In these conditions, the minimm
value ofl K/~lisequaltom(m =y411~\fo)
GencmQy, for the circulators beyond 1 GHz, this
value of m, is always superior to 0,5, because of the
magnetization state of the used fexrites. We can con-
clude that these devices can only operate with par-
tially magnetized ferrites.

Using this new notion of the ferrite magnetiza-
tion state and using our mmputer program, we obtain
a gccd agreement between the theoretical and experi-
mental definitions of the ferrite disc radius.

Let us consider for example, the L.T. T. circu-
lator with a frequency range 3,7 to 4,2 GHz, ins-
tituted by ,a 4 II ~ ferrite equal to 800 g, E’r =14,8;
tg6f = 5.10-4 , by a dielectric E’d = 17; tgbd = 3.10-4
‘@? .diec=dimmsiqs are R % 6,5 mn and the value of
IJJ equal to 8°. At the central frequency 3,95 GHz,
our prcgran gives us the following results :

lK/ul =0,156 ;x =1,90 R=6r4nm

It is the same for a gccd n-r of below resonance
circulators operating with a small $ . With our omr
puter program we can also precise the characteristics
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of the circulators.

When using Fig. 1 and 2, we notice that for
1 = 10°, for exanple, the impedance ratio curve 02-
ming from the boundary cnditions can interfer with
the ferrite -dance curve in only one @nt. This
sup~ses a narrow band operation, very easily tuzned
by quarter wave filters.

On the contrary, when $ = 29°, the two preceding

curves present an overlapping zone. This zone 03rres-
pmxis to an inherently broad-band circulator, opra-
ting range from lK /u] =0,5 tol K/~l=l. The
bandwidth of such a cimulator may reach the octave
band. These results have, already, been given by
Rosenbaum [6 ] and verify by our cnnuputer program.
We also notice that the physical limitations of the
broad-bsnd process are, on the one hand limited at
the inferior frequency by the ratio I K/ u I = 1, and
on the other hand, at the suprior frequency by the
ratio I K/ PI = 0,5. It is fitting to @nt out that
in this last @nt, there is a degeneracy of the m-
malesof the circulator and that the circulation pheno-
mmm is destroyed. The large absorption of insertion
losses which then a~ars cahnot be muted to “ra-
diaticm from the top magnet” as Rosenbaum suggested [6]

cop site Y junction circulator

We have mxeover studied the omrpxite jmction
circulators detailed in Fig. 3 In this pa~r, we
only examine the case of the A structure which we
think is the only interesting case. All the calcula-
tions and results of the A, B, C structure are given
in reference [ 7 1 .

For A structure, we linked for the values of R]
which presemes the circulation condition, taking

~21 + r~ d~ i,%’ as paramters (Fig.3) Otherwise

we lock for the ferrite filling factor R \ in terms
1 %e varia-of the ratio I K / u I (Fig. 4) . We ~so draw

tions of the normalized -mces

for different ‘ef<zd h ‘~of the ratio [K/v I values
of +.

.2
and x2 (fig. 5) The indicated areas mrres-

pnd to solution zones which guarantee a gcn3 iso-
lation and small insertion losses.

We find again, as for the classical structure,

an overlapping zone, when $ = 30° and ~ varies f mm
O to 2 which mrrespnd to a broad bad. o~ration.

~ Fig. 6 we give the theoretical results for a
2150 g magnetization ferrite. We obtain an isolation
with values superior to 20 dB from 10,5 to 13,2 GHz

and average values far superior to 15 @ and in-
sertion losses lower than 1 db, on all the band
frcxn 6 to 13,5 GHz.

On the other hand, for small values of $, the
R/

2
ratio is higher than 0,5. We find theoretical-

1$ t e case exposed by Helszajn [ 8 ] who had put in

evidence e~rimntally a narrow band operation with

SITEM insertion losses (O, 15 db) by using a ~\~
ratio equal to 0,65 and by using a lossless
dielectric (.dl = 9)

Conclusion

Our studies allared to clarify the circulation
conditions of narrcw and broad band devices in clas-
sical or -site structure.

ti the other hand, for the first thw, the no-
tion of partially magnetized ferrite allmred to find
again the theoretical definition of the weak field

circulator, nanely the ferrite radius and the main
~fonnances. It is now pxsible to begin an optimi-
zation study of such devices in terms of the frequen-
cy bands, materials and of the choice of the matching
technics.

An optindzation of the ccmpsite junction still
remains b do as a function of the different parame-
ters and coqxments. The vmrks of our laboratory
go on abut the study of the coqosite junction cir-
culators using ferrite associations, of different
magnetization, associations of f errites and materials
with large dielectric or magnetic losses.

Acknowledgements

This work was spmsored by the “Odegation
Generale de la Recherche Scientif ique et Technique
in France. The authors wish to thank M. CHIFCN from
L.T.T. firm and Dcctor @URTOIS from C. N.R. S. for
helpful discussions and useful suggestions.

References :

[11

[2]

13]

[ 41

[ 51

[61

[ 7]

[ 8]

H. EMMA : “On the principle of stripline circu-
lator” - IEEE paper no 3689 Jan. 1962, p. 137-146

C.E. FAY and R.L. COMSTXX : “Operation of the
ferrite junction circulator” - IEEE Trans. MIT
Vol. MIT 13 p. 15-27 Jan. 1965

J.J. GRFEN, E. SCHLQMPNN, F. SANDY and J. SAUNDERS
“characterization of the Microwave tensor per-
meability of ‘a partially magnetized mterial”:
Semi-annual Repart R7+DXCR-69-93 Feb. 1969

Z. CHAN, A. PRIOU : “Etude th%rique et Exp5-
rimentale d‘ un circulatewc 5 jonction”- Final
repmt EGRET 72.7.0514, Mamh 1974

A.M. DuPLICZ and A. PRIOU : “Con@zer Analysis
of microwave propagation in a ferrite loaded
circular waveguide” - IEEE Trans ~, VO1.
MIT 22, June 1974 - p. 601 - 613

Y.s. Wu , F. ROSENPAUM : “Wide band operation of
microstrip circulators” - IEES Trans MI’l’ Vol.
MIT 22, otiker 7.4, P. 849 - 856

Z. CHAN, A. PRIOU : “Circulateurs 5 jonction”
Final l?e~rt DW.ST, 73.7.1378 E, Jan. 1975

J. HELSZ7+IN : “A ferrite ring stripline junction
circulator”, The Radio and Electronic ~gineer
July 1966, p. 55-60.

248



Fig. 1 : Circulation roots of the ci~
culation conditions for different

4versusl K / UI

Fig. 3 : Schematic of different -site
junction circulators

Fig. 2 : Junction wave @@.ante ratio from
the ferrite and from the circula-
tion conditions versus I K / v [

Pig. 4 : Theoretical ratio R1\~ versus \K/pl
and different o

Fig. 5 : Junction wave inpedance ratio
versus lK/P\

Fi,g. 6 : Theoretical ~rformance of a
axqmsite junction circulator.
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