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Fig. 2. Reflection and transmission factor of a thick diaphragm
(incident LSEO,l mode = dominant mode).
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Fig: 3. Reflection and transmission factor of a thick diaphragm
(incident LSM1,O mode = dominant mode). When 0.4 < d/a <0.5,
I T I is negligibly small.
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4. Reflection factor of triangularly prismatic wall deformations in
a rectangular wa,veguide.
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Finite-Gap Stripline-Latchiug Circulator

M. E. EL-SHANDWILY, MEMBER, IEEE, AND
ESMAT A. F. ABDALLAH, STUDENT MEMBER, IEEE

Abstract—The stripline-latching circulator with finite gap is

analyzed theoretically. The normalized resonant frequencies of ihe

first-order modes and the normalized circulation frequencies are

obtained numerically for cliff erent values of the gapwidth and

dielectric constant of the ceramic filling the nonmagnetic gap.

I. INTRODUCTION

Recently, Siekanowicz and Schilling [1] presented a theory for
a three-port stripline-latching ferrite-junction circulator. The oper~

tion of the circulator ie achieved by passing a pulse of direct current
through a wire loop which is located between a ferrite cylinder and

a concentric ferrite ring. The upper and lower portions of the ferrite

ring and rod are in cent act with ferrite disks. The circulator is

switched by reversing the polarity of the current puke.

The analysis of Siekanowicz and Schilling is an extension of

Boerna’s [2] and Fay and Comstock’s [3] analyses for the stripline

circulator. However, the effect of the nonmagnetic gap, in which
the wire loop ie located, has not been taken into consideration. In
th~ short paper, we present the theory of the stripline-latchlng circu-
lator with finite-nonmagnetic gap. The effect of the gapwidth and

dielectric material on the circulator performance will be investi-

gated.,

11. ANALYSIS

The configuration of the stripline-latching circulator is shown in

Fig. 1 [1]. In the following analysis, the circulator junction is

divided into three regions; the ferrite post (0 S r < rl ), the non-

magnetic gap (rl S r s rs ), and the outer ferrite ring (rz 5 r S rs ).
The electric fields in the three regions are

r2<r<r3 (3)
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Fig. 1. Schematic representation of striplin.+junction circulator.

@d= Cd (/.$0,0,d)1/2

and rl, i-z, ra are the radii of the ferrite rod, inner, and outer radii

of the ferrite ring.
The @-component of the magnetic field is obtained from
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The opposite sign of K in the second term on the righhhand side
of (6) is due to the reversal of the de magnetic field.

The boundary conditions at the outer surface of the ferrite post
and the inner surface of the outer ferrite ring are used to express
the constants bh.,.. . ,f~~. These boundary conditions are

,ZJZII = EZIII

“1

at x=x2 y=y2
Hdll = H$III

(8)

where xl, x2, yl, and yz are the values of x and y at rl and r~. The re-
maining field components except H, are O. The above procedure

gives the field components in all regions in terms of the constants
a~n and a_n.

To determine the normal modes for the uncoupled csse (~ = O),
use is made of the folkiwing condition

H4~11 = O at x = X%. (9)

The resonant frequencies of the normal modes are thus obtained SA
solutions of the following equation:

G.*(z) [ –N.+ (WA )~n~ (z2,1/2) + Jf.: (wu1)Qm4(z2jY2) 1

+ L.~(z,)CNn~ (ti1,Y1)Mm~(z2,v2) – ~n+ (x1, Y1)Nn~(x2,Y2)l = 0

(lo)

where

()[1/2

L.* (Xi) = S Y.’ (xi) + ~:, Y.(XJ
W.%f f 1

M.i(xi,yi) = J. (xi).Jn’ (YJ – J. (Yi)Gm+(zi)

N.+(W,YJ = Jm(zi) Y.’ (Yi) – Y. (Yi)f.%+(d

P&(zi,yi) = Y. (xi)Jn’ (Yi) – J.(Yi)&(W)

Q.+(%!/,) = y. (G) Yn’(Y,) – Y. (Y&+(xi).

The prime indicates dMferentiation with respect to the argument
and i = 1,2,3. The upper sign refers to the positive mode while the
lower sign refers to the negative mode.

The conditions for circulation are obtained by assuming that the
device functions as a circulator. Following the procedure of Fay

and Comstock [3] and carrying out the mathematical details, the
device circulates when the following equation is satisfied.

( K

)(

K
F x1,x2,x3 ;Y1,Y2; ~ = —F x1,x2,x3 ;yI,y2; — ~

)

(11)

where

( K
F x1,x2,xa ;Y1,Y2 ; * ~

)

= {~1+ (x1,Y1)[p1~(z2,Y2 )G1*(xs) – ~1*(z2,y2)L1*(z,)]

– ~1~ (Xl,yl ) [Q1~ (x1, Y2)GM (W ) – i?lt (z2,Y2 )

o_&(zs) ]1 / {NIT (U,jl) [Yl (zs)~1*(x2,Y2) – ~1 (X, )PM(x2,Y2)]

– M,= (W/l) [Y, (x8) N,*(zz,Yz) – JI (z,) Q1*(z2,Y2) ] ) . . (12)

In deriving (11) only the firs&order mode (n = +1) is taken into
consideration. The preceding equations reduce to those of Siekano-
wicz and Schilling [1] by making ZI = X2 = yl = y~.

111. NUMERICAL RESULTS AND DISCUSSION

Numerical solutions are obtained for the resonant frequencies of
the first pair of the first-order modes [n = +1, -1,, and the smallest
X3 that satisfies (10)] and for the circulation frequericies, for repre-
sentative values of the parameters. In ill the caliidaticms the area
of the ferrite rod is taken as equql to the area of the ferrite ring.
Thus z, can be written in terms of Z, ss z, = xi/(1 + R2 ) 112where
R = x2/xl. Also y = x (c~/cf~ff)l/2 and in the latching circulator jw
is given by

K“ 2

()Ikff=l — — .
P

It is therefore possible to express all the arguments of Bessel’s func-

tions in (10) and (11) in terms of Q, R, K/p, and E~/e~.
First, we show the effect of the width of the nonmagnetic gap

filled with ceramic having the same dielectric constant as the ferrite
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TABLE I

NORMALIZED OUTSIDE RADIUS ~a AT CIRCULATION Cf /6d = 1

K/p\R 1 1.2 1.4 1.6

0 1.841184 1.841184 1.841184 1.841184
0.1 1.833664 1.833399 1.833253 1.833146

1.810994 1.809858 1.809219 1.808762
M 1.772828 1.769941 1.768312
0.4

1.767171
1.718509 1.712470 1.709060 1.706739

0.5 1.646937 1.635362 1.628906 1.624670
0.6 1.556325 1.534912 1.523388 1.516169

0 .1 .2 .3 .4 .5 .6

—WP

Fig. 2. The Splitting ratio 28’ = (Z,- - X8+ )/.T8cj. as a function of An/M
for different values of R and Ej/6d = 1.

(6j/@ = 1). The normalized outside radius x, at circulation is shown
in Table I for Cj/6d = 1 as a function of K/P and R. Fig. 2 gives the
ratio (z3- — Q+) /z? cir which is proportional to the bandwidth [1],
[3]. The case for which R = 1 corresponds to the solutions of
Siekanowicz and Schilling [1] in which the gapwidth is neglected.
Tho results shown in Table I indicate that the external normalized
radks G, to a good degree of approximation, is independent of the
gapwidth as specified by the ratio R. The bandwidth decreases by
increasing the ratio R. However, in the typical range of design
(0.2 < K/P < 0.5), the reduction in bandwidth is small. It should
be noted that simk results have been obtained by the authors for
the latchlng H-plane waveguide Y-junction circulator [5].

The volume of the ferrite material is proportional to z2/1 + Rz.
Since X3is ahnost independent of R, then increasing R decreases the
ferrite volume. This can be of some value in reducing the insertion
loss, if the dielectric ring material is less 10SSY than the ferrite
material. Also, the switching energy, which is proportional to the
ferrite volume, is reduced by increasing R, without affecting the
circulation frequency. The percentage saving of switching energy
when using nonmagnetic gap as compared with zero gap is equal to
100 (Rz – 1) /(Rz + 1), which reaches about 38 percent for R = 1.5.
However, the bandwidth is slightly decreased.
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Fig. 3. Normalized external radii for the first-orde~first-pair resonant
modes as a function of K/p, for R = 1.1 and cliff erent values of cf/ed.

In order to see the effect of the permittivity of the dielectric ring
material on the circulator performance several solutions of (10) and
(11 ) have been obtained. Sample calculations for the resonant fre-
quencies of the first-pair-first-order modes are shown in Fig. 3,
for R = 1.1 and dKferent values of 6f/6d. Fig. 4 shows the normalized
external radius w for circulation as a function of K/P for the same
value of R as in Fig. 3 and different values of cf/ea. It is clear from
these two figures that the external normalized radius for circulation
lies between the normalized radii of the positive and negative modes.
Also, w for circulation decreases by increasing the ratio 6//@

The ratio (Z,- – z?+) /zs oir which is proportional to the band-
width, is shown in Fig. 5 for the same parameters as in Fig. 4. From
th~ figure it is seen that the bandwidth decreases by changing the
dielectric constant of the ceramic ring material from that of the
ferrite material. However, for 6J/,d <2 the change in the circulator
bandwidth is very small, which means that in this range the band-
width is not sensitive to changes in the dielectric constant of the
ceramic ring material. The case of ~f/~d = 15 (for cf = 15 this cor-
responds to air ring) gives the smallest bandwidth and the smallest
normalized external radius. For a given frequency of operation this
case gives the smallest circulator.
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IV. CONCLUSIONS

The effect of the width and the dielectric material of the non-
magnetic gap on the operation of latching stripline circulators has
been studied. Numerical results show that in the typical range of
design the external normalized radius and the bandwidth are slightly
affected by the gapwidth. Generally speaking the bandwidth de-
creases bychanging the dielectric constant of the ceramic ring from
that of the ferrite. The normalized external radius decreases by
decreasing the dielectric constant of the ceramic ring. The band-
widths nonsensitive tothevariations iney/ed up to thevalue2.
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Curved-Rim Open Resonators

0 .1 .2 .3 .4 .5 .6 .7 .8 A. CONSORTING

Normalized external radius zs for circulation as a function of
K/fifor R = 1.1 and different values Of.sf/ed. Abstract-Field configurations and resonant frequencies are

analytically derived for some low-loss modes of a’Fabry-Perot
(FP) open resonator having curved rims along the edges. Since the
low-loss modes are limited by a caustic surface, the problem can
be simply treated by neglecting the diffraction due to the finite
dimensions of the mirrors. The results are compared with those
obtained by numerically solving the integral equation of the open
cavity.

I. INTRODUCTION

As is well known, the losses of a class of open resonators are so
low that field configurations and resonant frequencies can be ob-
tained, with a good approximation, without taking into account the
effects of the diffraction due to the finite dimensions of the mirrors.
In general, this class includes those open cavities whose low-loss
modes are limited by a caustic surface [1]. Typical examples are
the curved stable resonators [1], [2], the so-called fla+roof reso-
nator [3], thequasi-corner resonator [4], andsome types of rimmed
resonators [5], [6].

Another type of cavity, where thelow-order modes are expected
to be represented by fields bounded by a caustic surface, is that
represented in Fig. 1 constituted by a Fabry–Perot (FP) resonator
having curved rims along the edges. In the present short paper,
mode configuration and resonances of it are determined by neglecting
the diffractional effects.

As usual, the problem is reduced to the investigation of the in-
finite-strip case. The curved-rim sections are assumed to join the
flat portion of themirrors continuously (Fig. 1).

II. THEORY

With reference to rectangular coordinates X,II,Z with the origin at
the center of the cavity, Fig. 1, the.problemis to find a solution of
the wave equation, for instance, the electric field E parallel to ~,
which satisfies the boundary conditions on the mirrors. We will

.1 .2 .3 .4 .5 .6 .7 L K/p

Thesplitting ratio2& = (~8- – Zs+)/Z~iraS a function of K/#
for R = 1.1 and different values ofq/@.
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