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Below Resonance Operation of
the Strip Line Y-Circulator

SUMMARY

Below resonance operation of a strip line
Y circulator is analyzed and the limitation in
choice of the internal field and of the mag-
netization 47 M, is pointed out. Bosma's!
design equations are reviewed, and a change
in design procedure is suggested.

In a strip line circulator the two ferrite
discs are subject to a magnetic biasing field
H;. The circulating properties can be ob-
tained with H;> H, and with H; <H, where
H, denotes the magnetic field at which the
ferromagnetic resonance occurs at the signal
frequency w. This resonance field is defined
by the equation vH, =w where v=27X%2.8
X 10¢ rad/sec. oersted.

If H;<H,, the circulator is said to per-
form below resonance. In this case, how-
ever, the magnitude of H; is bounded within
rather narrow limits: H; must be large
enough to completely saturate the ferrite
disks in order to avoid low field losses. Thus
H; must be larger than the anisotropy field:
H;>H,. On the other hand, the effective
permeability,
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HMeft =

which depends on H., must be positive.
Immediately below resonance, wos is nega-
tive, and a cut-off of transmission occurs due
to the imaginary intrinsic impedance
Viett/ €. This imposes an upper limit on H;.

The diagonal and off-diagonal com-
ponents of the permeability tensor, neglect-
ing losses, are

HdxM,
R Ty 1)
HA4rM,
k= el NN 2)
H?®— H,2

Below resonance H; <H,. From (1) and (2)
the relative effective permeability wes be-
comes

W=k (Hi+4xM)— H2
& HP+ HazM, - Hyp

From this it follows that for H; = H, —4xM,,
sess=0. For H,>H,~4xM,, pott is negative.
For operation below resonance, therefore,
H; must be chosen between the following
limits:

Heff =

@)

H, < H; < H, — 47 M,. 4

This relation also limits the magnitude
4w M, As for the magnitude of pers cor-
responding to the magnetic field limited by
(4), it is easy to see that werr is always smaller
than unity. This, together with the fact
that for ferrites ¢ is of the order of 12 to 15,
proves that the intrinsic impedance of fer-
rites operating below resonance is very small:
ott = v/ mouetr/ €0e; <+A/mo/&. Eq. (4) has been
found for the lossless case. The limitations
on real ferrites are more stringent,

Ho < H; < Hy, — 4aM, — 2AH 4)
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Fig. 1—Dependence of uetf, 2/u, and v uetf/k/u on the normalized biasing field H;/H,. In the
figure m =4nMy/H,,
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Fig, 2—Y Strip line circulator and meaning of the angle ¢.

where AH is the line width of the ferrite. In
fact, if the losses are not neglected, the ex-
pression for g becomes:?

Meff ==
(H.'—I-47rM,)Z—H.,Z—}—ZjAH(Hr}—‘LWM;)
Ho(H: A A M) — H 2+ G AH (H 420 ,)
From (6) it can be seen that in the

neighborhood of a certain H, which almost

equals to H,—4nrM, the effective permea-
bility upers has a resonance. The width of this
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2 A. G. Gurevich, “Ferrites at Microwave Fre-
quencies,” Consultants Bureau, New York, N. V., p.
169; 1963,

resonance can be determined approximately
by setting the real and imaginary parts of
the numerator equal. The increment of H;
field needed to change pess from its resonant
value (prea1 =0) to the point where preal = timag
is approximately equal to the line width AH.

When H; approaches the resonant mag-
nitude H;=H,—4xM,, the losses in the
ferrite discs increase. In order to keep them
low, the performance of the circulator must
be limited to the magnitudes of H; rea-
sonably smaller than Hy—4xM, Rather
arbitrarily, this safety factor has been
chosen as 2AH in (5). Keeping the above de-
fined limitations of H; and wess in mind, it
becomes evident that one of Bosma’s! de-
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sign equations,

\/31.84;@;/,15
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is not easily satisfied when operating below
resonance in L or S band. In fact, since
v3:1.84/r=~1 and ¢ <1 which is the angle
defined by Fig. 2, the quantity

UV itett
Ve kiu

must equal or exceed unity to satisfy (7).
At low frequencies, where 47w M,/H, cannot
be much smaller than one, this may be im-
possible. See Fig. 1. At higher frequencies it
is inconvenient to make the quantity
(1/+€1)(V/pett/k/u) approximate unity be-
cause this would require a rather small
K /u. Small values of K/u reduce the band-
width of the circulator. The graph in Fig. 1
shows how pess, £/u, and ~/ert/k/p vary
with H;/H, for three particular values of
AnM;/H,. Thus, instead of using the two
design equations of Bosma,! (7), and

R 1.84
= ®)
N 2o/ jetier

and solving them to find H; and the radius of
the ferrite disc R, the design can be made
in the following way:

1) Choose H, in accordance to (5).

2) Calculate pese from (3).

3) Find R from (8).

4) Match the ports of the circulator to
the 50 ohm external line.

The impedance-transforming arrangement
should have as wide a frequency band as
possible so as not to limit the bandwidth
of the circulator. The use of a half wave
tapered line transformer and dielectric discs
(Fig. 2) of high dielectric constant ¢; gives a
rather compact solution. In this case ¢
must satisfy the relation

po L

Vé

=1/Mo \/3184 /‘/Meif/

where +/m/e=120r=the intrinsic im-
pedance of free space. The use of A\/4 trans-
formers offers another solution. In this case
the dielectric constant of the dielectric disks
must satisfy the relation

/25 /2
(V% Vo) w

The width of the strip line and the
distance between the ground plates must be
such that the characteristic impedance of the
strip line is 50 ohms when air insulated.

J. SoxorLov
Zenith Radio Co.
Chicago, 111

Correspondence

Surface Wave on a Perfectly
Conducting Plane Covered
with Magnetoplasma

It has been found by Ishimaru* and
Seshadri® that a unidirectional TEM surface
wave is trapped along a perfectly conducting
plane covered with transversely magnetized
semi-infinite plasma.

This communication gives a brief de-
scription of a surface wave which is found to
be trapped along a perfectly conducting
plane covered with longitudinally mag-
netized semi-infinite plasma. When the
plasma is magnetized in the direction of
propagation, the electromagnetic fields can
not be separated into TE or TM modes, and
are given by a combination of two char-
acteristic wave modes having each different,
but interrelated, characteristic values to
satisfly Maxwell’s equations for magneto-
plasma. The combination is determined by
the boundary conditions.

The coordinate is chosen so that the per-
fectly conducting plane is located in the
y-z plane (x =0) and the z axis is the direc-
tion of propagating waves or the direction of
magnetization.

All the field components are assumed to
be independent of the y coordinate and have
the time and z dependence of erwt-ikorz (f:
relative axial propagation constant). The
electromagnetic fields satisfying Maxwell’s
equations and the boundary conditions can
be expressed by a combination of a right-
handed plane wave mode and a left-handed
plane wave mode with the same axial
propagation constant k. The resulting field
equations are given by

Ez = Zo(S12 + éa) { (812 — 12 + 51)87”""”
— (522 — 1% er) e kor}
Ey = — jeaZo(s1? + ) {343‘7”“” - e‘szk“’}

By = jZosih(si2—2e;) { eoakor — st}
Hy = jesh(s12 + e5) { emsskor — gakor} , D
Hy = 63}!(812 — h? + 61)
5_317001 — S_l 3*827001}
S2
H: = — e(si? + e5) { s1¢ 0" — 523_”7““”}
with the dispersion equation
s1%2 4 522 4 5150 — B2 + =0, (2

€1

where s; and ss are relative transverse
propagation constants normalized with re-
spect to free space propagation constant ko
and are solutions of the quadratic equation:

€3 622
st — 32[112(1 —I———) + - - - 53]
€1 €1

+ {0 - — et =0, 3)

€1
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Fig. 1—Frequency characteristics of the relative
propagation constants for wg <wp, —— : trapped

wave; — — : plane wave; — - ~ : improper wave.
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Fig. 2—Frequency characteristics of the relative
propagation constants for wg >wy, —— : trapped
wave; — — : plane wave; — -~ - ¢ improper wave
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Fig. 3—Ilustrating the relation between the propaga-
tion constant % of the trapped wave and the permis-
sive axial propagation constants of two char-
acteristic plane waves in a free magrnetoplasma
Symbols R ind L denote the regions of the permis-
s1ve axial propagation constants of a nonattenuat-
g right-handed and a left-handed plane wave,
respectively.



