4-6 CIRCULATORS AND IS OLATORS

Both microwave circulators and microwave isolators are nonreciprocal transmission

devices that use the property of Faraday rotation in the ferrite material. In order to
understand the operating principles of circulators and isolators, let us describe the

behavior of ferrites in the nonreciprocal phase shifter.

A nonreciprocal phase shifter consists of a thin slab of ferrite placed in
rectangular waveguide at a point where the dc magnetic field of the incident wav
mode is circularly polarized. Ferrite is a family of MeO - Fe, O, , where Me is a di
valent iron metal. When a piece of ferrite is affected by a dc magnetic field, the fer
rite exhibits Faraday rotation. It does so because the ferrite is nonlinear material 01

its permeability is an asymmetric tensor [4], as expressed by

B = aH (4-6-)
where
A= po(l + %) (4-6-)
; Xm Jk ()
Xm = jK Xm 0 (4‘(),3)
0 0 o
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which is the tensor magnetic susceptibi -
< I8 the off-diagonal susccpummyp lity. Here X is the diagonal susceptibility and

when a dc magnetic field is 'npplicd to a fe
. i “ i : i r
ferrite ;‘;mxsn\‘:rml‘l(: to line up with the de field because of thei icd
WCEVE ¢ i . : eir ' )
ment. l(c" D nonrcl:m.p.n‘x,ul precession of unpaired elercT:agnet?C Ihpolfe it
causes their ¢ ¢ permeabilities (u,', I7) to be R et e 2
e circularly polarized. r uncqual and the wave in the fer-

rite, the unpaired electrons in the

rite 18 The o
wave inside the ferrite can be cxprcssezrzgzi%‘;uon eonstantsfotsaylinedtly polarized
- - '}
Y = JoVeu(p + k) (4-6-4)
where
p=1+ gn (4-6-5)
ﬂ: =pn+k (4-6-6)
B’y = pu — K (4-6-7)
The relative permeability u, changes with the applied dc magnetic field as given by
- SR YeMe
pmr =1+ - -6-

where ¥ = gyromagnetic ratio of an electron

M, = saturation magnetization
» = angular frequency of a microwave field
H, = dc magnetic field
p! = relative permeability in the clockwise direction (right or positive

circular polarization) _
p, = relative permeability in the counterclockwise direction (left or negative

circular polarization)

It can be seen from Eq. (4-6-8) that if ® = |y |Ha , then p is infinite. This
phenomenon is called the gyromagnetic resonance of the ferrite. A graph of p, is

plotted as a function of He: for longitudinal propagation in Fig. 4-6-1.
If u} is much larger than p, (n > pr), the wave in the ferrite is rotated in

“’ “:

Figure 4-6-1 Curves of pr versus Ha
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rection. Consequently, the propagation Ph”f g for 'tlltleﬂg for b
rs from the propagption phase constan . acky,

i b and the d¢ magnetic field g, t::t

the length of the ferrite sla

m
w=@B-BN"2
e two directions of propagation can be &

the clockwise di
forward direction diffe

direction. By choosing
(4'6.9)

a differential phase shift of 90° for th

tained.

Microwave Circulators
is a multiport waveguide junction in which the wave (,
the (n + 1)th port in one direction (see Fig. 4. 6.2)11 |
number of ports, the four-port MiCrovy,
-port microwave circulator is a come
‘hole directional couplers and 2 rectangular aneguid;
s as shown in Fig. 4-6-3.

4-8-1

A microwave circulator
fiow only from the nth port to
Although there is no restriction
circulator is the most com

bination of two 3-dB side
with two nonreciprocal phase shifter.

Port 4

Coupler 1 .
Oupler 2

———

270°
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through the primary guide, phase shift
ase change of 270°. The wave travelzf. and coupl

. . throu
and it arrives at port 4 wljh a phase shift of 9%3?3?&1:'& e secoddary firide
4 are out of phase by 180°, the power transmissio © two waves reaching port

general, the differential propagation constants in th from port 1 to port 4 is zero. In

a waveguide containing ferrite phase shifters sho&%t;"eo directions of propagation in

W~ wy=Q2m+ )7 radls (4-6-10)

: (4-6-11)
where m and n are any integers. including zeros. A similar analysis shows that a

wave incident to port 2 emerges at port 3 and so on. A
) : : . As a resul
power flow 15 designated as 1 > 2 — 3 — 4 — 1. ult, the sequence of

Many ty.pes of m.icrowave circulators are in use today. However, their princi-
ples of operation remain the same. Figure 4-6-4 shows a four-port circulator con-
structed of two magic tees and a phase shifter. The phase shifter produces a phase

W2 = @4 =2n7  radls

shift of 180°. The explanation of how this circulator works is left as an exercise for

the reader.

@ 0

Magic tec
®

180°

——

Phase shifter

Figure 4-6-4 A four-port circulator.

A perfectly matched, Idssless,f» and nonreciprocal four-port circulator has an 8

matrix of the form

(0 Sz Sn Sia |
Sy 0 Sn Su
S = Y Sn 0 Su
LSM Saz S43 0 ]

' ( the
Using the properties of S parameters s described previously, h

(4-6-12)

§ matrix in Eq.
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(4-6-12) can be simplified to
.

(4.6_13J

(= N = =)
S OO -

4.-6-2 Microwave lsolntqn
smission device that is used to lSOlate‘ one cony,
he transmission line. An idea] ol

; i i | tran
An-isolator is a nonreciproca :
nent from reflections of other components 1n tf o drrori:

letely absorbs the power for propagation in one : s logy|
completely ection. Thus the isolator 1s usuall_y called unil,
he frequency stability of microwave geney,

transmission in the oppos(iite d.ir [
enerally used to improve .
Isolators are g y in which-the reflection from the loag i

such as klystrons and magnetrons, |
In such cases, the isolator placed between the genery,

tors,
atched load from returning t, e

the generating frequency.
and load prevents the reflected power from the unm fr
generator. As a result, the isolator maintains the frequency stability of the gepe

Isolators can be constructed in many ways. They can be made by terminatj;
ports 3 and 4 of a four-port circulator with matched loads. On the other hand, isoly

tors can be made by inserting a ferrite rod along the axis of a rectangular Waveguige
-rotation isolator. Its Operating

as shown in Fig. 4-6-5. The isolator here is a Faraday
principle can be explained as follows [5]. The input resistive card is in the ¥-2 plane
with respect to the input card. The 4

and the output resistive card is displaced 45°
ly to the ferrite rod, rotates the wa

magnetic ﬁeld., which is applied longitudinal
Plane of polarization by 45°. The degrees of rotation depend on the length and ¢

;r:)l;;el{sqf t%e rod and on the applied dc magnetic field. An input TE,; dominan
diculartmt(]:: ent to thq le.ft end of the isolator. Since the TE o mode wave is
tenuatior:) T::el l:f::er?Slﬁ'lVefcard,A the wave passes through the ferrite rod witﬁf)rlﬁe;.
: n the ferrite rod section j : .
mal to the o at, $ rotated clockwise b ° is nor-
Oufput resistive card. Asar esult of rotation, the wave arri):/:s5 atatl;::a l(iur:;trn

Tator,

45°
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Figure 4.6.5 F
gure 4-6.5 Famday-rotution Isolator
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e milarly rotated clockwise 45° by the fe

' e is parallel 1 the input resistive card, t
wave ' ¥

4 without attenuation at all. On the contrar

Y, areflected wave from the output end

hrrite rod. However, since the reflected
€ wave is thereby absorbed by the in

4 The typical performance of these iso 1 .
card.

mrd trans

l.ators is about 1-dB insertion loss in for-
mission and about 20- to 30-dB isolation in reverse attenuation.

.

Scanned by CamScanner



