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Abstract

Both nonreciprocal birefringent ef-
fect and variable polarization effect of
microwave ferrite materials are discussed
in the light of coupling wave theory, and
with the help of these effects, a new type
of dual-mode ferrite fast-speed variable
polarizer is developed. On the other hand,
the corresponding optimal magnetization
field distribution(OMFD) is researched and
numerically calculated, and the analog-
test is also done.

Introduction

In recent years, polarization techno-
logy has found important application in
improving the ECCM performance of radar
and rapidly identifying physical characte-
ristics of target. It has been reported
that variable polarizer has been developed
with the nonreciprocal character of micro-
wave ferrite materials. ‘This paper dis-
cusses a new type of dual-mode fast-speed
variable polarizer which has, in addition
to polarization agility and feature fast-
speed switch, good electrical performance,
simplestructure, small size and light
weight in comparison with mono-mode dual-
channel polarization circuit.

This paper applying coupling wave
theory deals with nonreciprocal birefrin-
gent effect and variable polarization
effect in case of symmetrical quadrupole-
field, and the corresponding OMFD is
reseached and calculation by using varia-
tion principle and numerical calculation,
thus two methods of realizing variable po-
larization are proposed. In addition, the
analog test is done.

I’ropagation Characters in Dual-

llode” Waveguide

In the square waveguide of sidelength
a, two fundamental modes I& and H.f are a
pair of degenerate waves. However they may
split into different propagation constant
after being filledani90tropy microwave

ferrite materials m It. Ivany dual-mode
devices can made with this feature. Recent
aesigned microwave ferrite fast-tspeed
variable polarizer is a type ox’ dual-mode
device by means of two kinds of symmetri-
cal quadrucenters magnetization serving
as magnetization field.

By using coupling wave theory in the
case of wave propagation along the positi-
ve direction, the calculation for methods
of magnetization as shown in Fig.1 will
rerults Tn:

1. Kondegenerate and nonreciprocal
norma~nwav:~Fig. l(a))

case HIO and Ho! with dif-
ferent propagation constant are a pair of
normal waves, the mode-differential phase
shift of them is

(/)
It is ‘nonreciprocal birefringent effect.

2. Nonreciprocal coupling wave(Fig.
l(b))

Here H,O and H.~ with identical pro-
pagation constant are a pair of coupling
wave$ Their coupling coefficient
is

[2)

And the mode-~ifferentical phase shift
corresponding normal wave is

l!y=L&=4.25LK/jLa
It is nonreciprocal variable polarization
effect.

Applying two methods of magnetizatic]n
as shown in above, different polarization
output waves can be obtained only by pro-
perly controlling parameters of system.

T.Degenerate and nonreciprocal normal
wave(l?:?:l~:)and lid))

and 01 are a pair of dege..
nerate nonreciprocal normal waves, and
their nonreciprocal differential phase
shift are
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!CWo methods of magnetization as shown
in I’ig.l(c) and l(d) can be used to make
muti-polarization nonreciprocal phase
shifter.

The Theoretical Analysis on Optimal
Magnetization Field

Mode-differential phase shift or
coupling coefficient for variable polari-
zer are closely related to the field dis-
tribution of magnetization field. There-
fore, it is an important theoretical and
engineering problem to find out a kind ofl”
magnetization field distribution that can
optimize the variable polarization perfor-
mance.

With solving coupling propagation eq.,
it may be obtained that the propagation

constants of two nondegenerate normal wa-
ves are

~, ~= -({,, +l!u)~ J(MJ-4(MZZ - 4%)

z
(5)

The mode-differential phase shift be-
tween them is

Obviously, there are two terms, reci-
procal differential phase shift and nonre-
ciprocal differential phase shift, in for-
mular (6).

1. Assume that Z,,=Zzz and Z,L=O (7)
At this time (6) can be simplified

into

,Zk
fly=[(r%ft(w) J

where former expresses nonreciprocal dif-
ferential phase shift for normal waves,
latter expresses nonreciprocal differen-
tial phase shift for coupling wave.

A. The OMFD for nondegenerate and
nonreciprocal normal wave

The mode-differential phase shift for
normal wave is

[q}

By using variable principle, we get

< ~ .ZXxf
,’ —

and the magnetic flux equation of corres-
ponding optimal distribution is

(/0

where c represents any constant. The dis-
tribution of the magnetic flux is shown in

Fig2. Obviously (10) can meets with the

condition

[

7).

When 9\ is substituted by (10), the
maximum mode-differential phase shift is

It is almost the same with (1).
B. The OMPD for nonreciprocal coupli-

as being solve above, obtain

and the optimal magnetic flux equation is

(if)

where c represents any constant. !I!he dis-
tribution of maOnetic flux is shown in
Fig. 3.

When (13) is substituted by (14), the
maximum mode-differential phase shift is
expresses as

It is almost the same with (3).
C. The optimal magnetizing field dis-

tribution for nonreciprocal normal wave
and nonreciprocal coupling wave together,

From former results, assume that

When (8) i-s substituted by (17), the
equation is depending on parameter K. With
the help of calculation by computer,d~will
reach maximum value whenti=O. This is the
same with that of nonreciprocal coupling
wave.

~. Assume that T~=l!~ and

Jm-Jl:+Jm~:=o (f$?)
As the same method, therefore
A. The optimal magnetizing field dis-

tribution for reciprocal normal wave is
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G,(x,,x.1)=(),
and corresponding maximum reciprocal dif-
ferential phase shift is

Ay+Oj~o(~\fi~

p,. [(iJztdAtA -(%f]%

(11)

where
B. ‘l’he OMFD for reciprocal coupling

wave is

$(x,,%)=- (JK,Y&)=+ y~ (,U)

and the maximum reciprocal differential
phase shift is

A)’=z /(U<L&t[/LL-(KAFJ-[ I- (k/zx)) (Z/a~ (Z3)

C. The OMFD for reciprocal normal
wave and reciprocal coupling wave together
is

( I-M ~fi

It is obvision that field distribu-
tion function is a weak function of k/a.
If k/a40,6, the influence upon field dis-
tribution can be neglected entir13-. !l!here-
fore the OMFD is the almost same with that
of reciprocal coupling wave.

In addition, applying nonlinear pro-
gram theory, the OMFD can be generated for
nonreciprocal normal wave and reciprocal
normal wave, as shown in Fig.2, and for
nonreciprocal coupling wave and reciprocal
coupling wave, as shown in Fig.3.

Experimental Results

We have designed and developed a new
type of dual-mode ferrite fast-speed vari-
able polarizer, its scheme is shown in Fig.
4. In the process of developing, we
tried our best to make magnetization me-
thod to approach the OMFD. We employed the
way$as shown in Fig.l(a), to make variable
polarizer, due to the difficulties in pro-
cessing of structure of magnetic yoke
shown in Fig.l(b).

In the experiment,parameters of de-
vice 41WS0.5, rectangular rate S=0.7, alh
=0.21, a=l.lcm. It is calculated from (1)
that A equals 54.5 deg./cm, which is app-

4roxima ely coincident with 51 deg./cm mea-
sured in the experiment. For the incident
wave in~45°, the measured performance of
the variable polarizer are listed as fol-
lows

f=i3.5% VSWR41.30
d<O.7 dB ellipticity eS1.OdB
normal isolation 20 dB
switch time < lo~s

peak power fiz20 kw
average power ~;20 w

!Che relation between the differen-
tial phase shift and magnetization current
is shown in Fig.5. The frequency disper-
sion curve of mode-differential phase
shift is shown in Fig.6. While l?ig.7 is

the photo. of variable polarizer.
!Che variable polarizer may also re-

sulted in other microwave devices, such as
power distributor/combimer, precise vari-
able attenuation, fast-speed variable po-
larization phase shifter, modulater and
switch.
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Kezhe, Dong Qinmiao, Chien Gonjen and Li
Kencheng.
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(3) (i!)

(c) (d)

Fig. 1 Four kinds of symmetrical
~.uadrucenter magnetization field.
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Fig. 4 Scheme of the dual-mode ferrite

fast-speed polarizer. l.rnatching block,

P.flange, 5.latchin& driving wires~

~.ferrite yokes, b.metallized ferrite

waveguide.

Fi.g.5 Differential phase shift cu~e
for analog polarizer. I.pha.se shift
of H,., 2.phase ohift of Hu, 3.mode-
differential phase shift aetween H14
and H.,. (f=5.6 GHz)

:e
..35.4 5.6 ..7 5.6 >Og

f(Gii2,)

Fig.6 I)ependence of m~de-differential

base shift on frequencies,with va-

rious magnetization current being

parameters.
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