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Abstract

This paper presents radiation characteristics of a finite pe-
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the propagating mode in the unperturbed parallel plate waveg- (TE:mode) Finite Periodic Slot Array * (TExmode)

uide. It is theoretically explained how the chacteristics can be

tuned and the radiation patterns can be controlled by varying  gig. 1: A finite periodic slot array in a parallel plate waveguide filled with
the dc magnetic field applied to the ferrite. a transversely magnetized ferrite.

1. INTRODUCTION . . .
has been carried out little. So, the author have theoretically

Recently, research on RF electronic controllable high fregxplained the radiation characteristics of a slotted parallel
quency devices and circuits has been paid attention to [blate waveguide filled with a transversely magnetized ferrite
Research on microwave ferrite devices is a kind of the reseaW means of the method of moments. Then, the author have
on the RF controllable electronic high frequency devicegjscussed the magnetic tunability of the radiation frequency
Until now, the vigorous development and research on thng of the slotted parallel plate waveguide filled with ferrite
microwave ferrite devices such as isolators, circulators, phaggq radiation pattern control by an applied dc magnetic field
shifter, delay lines, magnetically tunable resonators has bgen.
carried out by using anisotropy and frequency dependencep, this paper, radiation characteristics of a finite periodic slot
of the permeability of ferrite that can easily be controlle@rray installed in a upper plate of a parallel plate waveguide
by an external dc magnetic field [2]-{4]. On the other handjied with a transversely magnetized ferrite are analyzed by
research on antenna applications of ferrite materials has Rtans of the method of the moments [21]-[24] in the case
been carried out extensively. which only the TE; mode propagates in the unperturbed
As research on antenna applications using ferrites, electropigrallel plate waveguide. At millimeter-wave frequencies, the
scanning of the radiation pattern of an open-ended retanguWgipendence of the characteristics of the periodically slotted
waveguide filled with ferrite [S],[6], electronic scanning ofparallel plate waveguide on the applied dc magnetic field
an antenna loaded with circularly arrayed ferrite bars [7jg estimated numerically. It is theoretically explained how
electronic scan of a millimeter-wave leaky wave antenna Witle chacteristics can be tuned and the radiation patterns can
a periodic structure loaded with ferrite [8]'[11], and minOStrine controlled by Varying the dc magnetic field app“ed to

antennas on a ferrite substrate [12]-[18] have been researchgg. ferrite from the viewpoint of the leaky wave antenna
Of these, the periodic ferrite structure can work not onlyppiication.

as a leaky-wave antenna but also as a magnetically tunable

Bragg reflection filter. So, reseach on propagation in the 2. THEORETICAL ANALYSIS

periodic ferrite structure is very interesting. The Bragg reflet-et us consider a periodically slotted parallel plate waveguide
tion characteristics and leaky-wave antenna characteristicsshbwn in Fig. 1 consisting of a finie periodic slot array formed
the infinite periodic ferrite structures have been characterizedthe upper plate of a parallel plate waveguide that is filled
theoretically by means of the improved perturbation methawth ferrite magnetized in the z direction. In Fig. 4, D, L

[8], the singular perturbation method [11], and spectral domaamd 2a show the height, the periodicity, the number of the
method [19], [20]. As long as the author knows, the analyticalots and the slot width of the periodically slotted parallel
research on ferrite waveguides with a finite periodic structuptate waveguide, respectively. In Fig. 1, it is assumed that
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the electromagnetic field is uniform in the z direction (so

that a_%_ = 0) and the time dependence %', The relative R* =\/(x —2)2 + (y 72
permittivity of the ferrite ise,.. It is assumed that there is no

loss in the ferreite used in the periodically slotted parallel plate

L
waveguide. Then, the relative permeability tengois given B3y = Z/ Mém(:p’)G(z.y;:p’,y’)\y/zo,dx’,
by p=1"5s
1 L
: Hép=——d M (!
B 0 o o o1 ]w/lfeffﬂoﬁzzl/sg (=)
S (1) y pELF T k= .{30(90751;93’71/)
@ 1 G (2. 3’ y) , @
Hip or o Hy=o-da’,
L
wp = ypoHo, wm = ypoMs. Hs. — 1 Z/ ]w(ﬂ)(ml)
I S0l relin z
v JWherrto £ s,
/! /
where 1 is the free space permeability; is the angular .{3G(l“,y§l" Y)
frequency,ugHy is the applied dc magnetic fieldy is the .,186%76 v y) )
gyromagnetic ratio=£ 1.76 x 10™rad/T/sec) and uoMs is +Jﬁ#}\y'=0—dﬂf )
the saturation magnetization of the ferrite. For the dielectric-
filled slotted parallel plate waveguide in [22],[23], the cases s ,
in which both the permittivity and permeability are isotropic Gz, y; ' y) = JZL{QE cos(qrd-)
are analyzed. In the present paper, the case in which only the qulkw b b

permeabilit_y is expressed with an anisotrop_ic tensor is ana- +($ — ) b K sin(qu—/ 0 (5)
lyzed. In this paper, not only the magnetostatic mode obtained |o — /| *Ip b

under the magnetostatic condition neglecting the electric field -sin(qw%)e*jkwﬂ‘”*” I
components, but also the electromagnetic modes containing

the electric field components are rigorously analyzed.
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Let us assume the case in which only tfg; mode kzq = \/Ertes kg — (%)27 Heff = k [T
propagates in the parallel plate waveguide filled with ferrite ko — 7 — [
. . . 0 Wy/EoM0, 0 0"
as shown in Fig. 1. The slot regiori (5 = 1,---, L)) are

defined as{Ss : [z — (8 — 1)D| < a,y = 0} in Fig. 1. The : L @)y

analysis is carried out with the equivalent analytical model €', <o is the free space permittivity and,™(-) is zeroth--
Fig. 2, in which each slots is replaced with equivalent magnefgder Hankel function of the second kind. From the condition
current ]W;m(x). In this case, the incident electromagnetigqat the tangentl_al components of the magnetlc field in Region
field(Eine, Hine, H}jﬁc), the scattered electromagnetic field if and I are continuous over each slot regisp, namely,

Region I, H;;, H;;) , and the scattered electromagnetic

1 i H s s s H . H3 ‘ — 7_H1n(‘| =7—|—Hs ‘ —0_
field in Regiodl (ES;,H?:;,H3;) are given as follows: zIly=0+ zI 1y=0 ZIly=0_>
d (EZy.Hzy yH) 9 over Sg(B=1,2,---,L) ()

Eine = Sin(%y)efjkmz’ the int?[%ral equation on the equivalent .surface magnet_ic cur-
rentM,;"’ (x) over thesth slot can be obtained. All slot regions
Sp are equally divided intaV segments and each equivalent
%cos(%y)}e‘j’%lm, surface magnetic curredt’\”) (z) is expanded in terms of the
(2) piecewise sinusoidal functio@ﬁ,@(z) (ng=1,---,N—-1)
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In the aboveHl(Q)(-) denotes the first-order Hankel function
of the second kind. From the undetermined coefficiéﬁig)
obtained by solving the above mentioned matrix equation (8)
and Egs. (7), (3) and (4), the equivalent surface magnetic
currents and the scattered electromagnetic fields at each region
can be determined.

The far field expression for the electric fiekd.;(p, ¢) due
to the equivalent magnetic current source is

e—J(kop—
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The incident power per unit length in the z direction in this
parallel plate waveguidé;,., the Poynting power in the
direction p,(p, ¢), the radiated poweP,,, and the radiation
efficiencyn,..q are given by

(13)

(3)
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1
ps(p,0) = G Re{E=1(p, 9)Hi (p; 9}, (15)
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The radiation pattern is defined as

Graald) = 10logy {2mp L2y 19)

mc

3. NUMERICAL RESULT

In the numerical calculations, the relative permittivity and
satuation magnetization, M of the ferrite and the numeber
of the slotsL, the slot width2a, the periodicityD and height

of the periodically slotted parallel plate waveguide filled with
ferrite are

er =125 poM, = 0.5T[25 — [27).

L=60 22a=10mm D =3.0mm b=15mm.

In the numerical calculation, ferrite is assumed to be lossless.
The number of divisions of the slot regidis fixed toN = 40

SO that the width of the divided slot regidncan be smaller
than A zg Of the wavelength. The order of the trancated terms
Ny, in the inifinite series in Eq(5) is fixed to Ny, = 200.
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Fig. 5: The radiation patterr,.,4(¢) of the finite periodic slot array in
the parallel plate waveguide filled with the transversely magnetized ferrite at
Fig. 3: The Frequency dependent characteritsic of the radiation effic ier¢yGHz.
nraq Of the finite periodic slot array in the parallel plate waveguide filled
with the transversely magnetized ferrite.
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Fig. 4: The Frequency dependent characteristic of the maximum radiatifjig- 6 The radiation patterrt,.q(¢) of the finite periodic slot array in
direction ¢, of the finite periodic slot array in the parallel plate waveguidd'® parallel plate waveguide filled with the transversely magnetized ferrite at

fille d with the transversely magnetized ferrite. 47GHz.

Also, it is confirmed that the numerical results satisfy théhe above results, it is found that the operating frequency

energy conservation law within an error t9—3%. can be varied by simply changing the applied dc magnetic
Fig. 3 shows the frequency dependent characteristic of tfigld without changing the physical dimensions. Therefore,

radiation efficiencyy,.q at 40 to 50GHz for different values there is possibility of constructing antenna suitable for various

of the applied dc magnetic field. In the case ofH, = Millimeter-wave systems.

0.057, the maximum radiation efficiency is about 0.9, and Fig. 4 shows the frequency characteristics of the maximum

the frequency band for a radiation efficiency of less thameam directionp,, of the radiated wave in the range of 40 to

0.1 is caused by the Bragg reflection near 42GHz. If tH#0GHz, dependent on the applied dc magnetic field. From Fig.

applied dc magnetic field is changed fromHy, = 0.057 4 it is found that the maximum beam directign, show the

to ugHo = 0.57, it is found that the radiation range ismarked frequency beam-scanning characteristics. Specially, in

tuned by about 3GHz, while the maximum radiation efficiencthe case ofugHy = 0.057", the maximum beam directiop,,

and the radiation bandwidth do not essentially change. Frarthanges from-12.8° to 55.8° in the range of 40 to 50GHz and
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the Bragg reflection band with the bandwidth of about 1GHzsg]
is caused in the range of 41 to 43GHz. Also, if the applied dc
magnetic field is varied fromoHy = 0.057 to poHy = 0.5T, 9]
the frequency dependence of the maxinum beam diregtipn

is tuned by about 3GHz.

Figs. 5 and 6 show the dependence of the radiation pattélr%]

Grqa(¢) on the applied dc magnetic field at 41GHz and the
dependence of the the radiation pattéfn,;(¢) on the applied
dc magnetic field at 47GHz. In the casefd, = 0.057, The
maximum beam directions,,, of Fig. 5 and Fig. 6 are-2.92°
and 32.1°, respectively. From this, too, it is found that th
maximum beam directio,,, shows the marked frequecncj ]
beam-scanning characteristic. Also, as the applied dc mage
netic field uoHy is varied from 0.05T to 0.5T, the maximum
beam directionp,,, is scanned from-2.92° to —38.3° in Fig.
5 and from32.1° to 15.1° in Fig. 6. Further, it is found that
the intensity of the radiated power is changed with the bedh!
scan by the applied dc magnetic field, because the beam scan
is caused with the tune of the radiation frequency band by the]
applied dc magnetic field.

[11]

[14]

[17]
4. CONCLUSION

Radiation characteristics of a finite periodic slot array in a uprg;
per plate of a parallel plate waveguide filled with a transversely
magnetized ferrite is analyzed by the method of momerttl%]
in the case which only th&E; mode propagates in the
unperturbed parallel plate waveguide. Under the assumption
that ferrite loss is noexistent, it is theoretically explaine
how the frequency denpendent characteristic of the radiation
efficiency and the frequency scanning characteristic of the ra-
diated wave are controlled by varying the applied dc magne{?(,l]
field. From numerical results, it is found that the frequency
dependent characteristic of the radiation efficiemgy; and [22]
the frequency dependent characteristic of the maximum beam
direction ¢,, are tuned to higher frequency band withoupg)
significantly changing the maximum radiation efficiency and
the radiation frequency bandwidth by varying the applied dc
magnetic field. Also, it is explained that the beam scanningy
of the radiation patterns are caused with the tuning of the
frequency dependence of the maximum beam direction B\é]
changing the applied dc magnetic field.
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