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Characteristics of Millimeter-Wave
Radiation in a Corrugated
Ferrite Slab Structure
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MAKOTO TSUTSUMI, MEMBER, IEEE

Abstract —The characteristics of millimeter-wave radiation in a corru-
gated ferrite slab supported by a grounded dielectric slab are investigated
both theoretically and experimentally. Theoretical analysis is performed by
the perturbation theory combined with multiple space scales for the
transverse electric mode. A pair of amplitude transport equations are
derived, and the characteristics of the leaky wave are explained in terms of
the radiation angle and the radiation efficiency. Experiments are carried
out by using the layered structure composed of a corrugated polycrystalline
yttrium iron garnet slab and a Teflon slab in the frequency range from 40
to 50 GHz. The experimental results are compared with the theory.

1. INTRODUCTION

LEAKY WAVE PHENOMENA in corrugated wave-
guides find applications in high-resolution radar at
millimeter waves and in grating couplers in integrated
optics [1]. Recently the authors have studied experimen-
tally the radiation characteristics of millimeter waves in a
layered corrugated ferrite slab structure, and observed the
magnetically scannable behavior of the leaky waves [2], [3].
However, rigorous analysis of the leaky waves on a corru-
gated ferrite structure has not yet been carried out. On the
other hand, a perturbation method combined with multiple
space scales has been used recently to analyze the leaky
wave phenomena in corrugated dielectric waveguides
[4]-[6]. This method has the advantage of predicting not
only the radiation angle but also the radiation efficiency.

This paper presents an analysis of the leaky wave in a
corrugated ferrite dielectric slab structure, which may be
useful for the practical design of millimeter-wave antenna.
The perturbation method combined with multiple space
scales is used, and two amplitude transport equations
characterizing the coupling between the guided wave and
the incident and radiated waves are systematically derived.
The radiation efficiency is determined from the character-
istics of the transmitting antenna. The main beam direc-
tion and the radiation efficiency are numerically evaluated
as a function of the bias magnetic field for two different
operating frequencies, and the theoretical results are con-
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firmed in experiments carried out in the millimeter-wave
frequency.

II. THEORY
A. Formulation of the Problem

The geometry of the corrugated ferrite slab structure is
shown in Fig. 1. The weak sinusoidal corrugation repre-
sented by the function x = A(y) is located on a surface of
the ferrite slab, which has the permeability tensor . The
ferrite slab is supported by another grounded dielectric
slab with relative permittivity € , and is magnetized in the z
direction. The thicknesses of the ferrite and dielectric slabs
are h and d, respectively. A major part of electromagnetic
energy in the structure of Fig. 1 is concentrated within the
ferrite slab due to its high permittivity, as in an inverted
strip waveguide [7]. The TE mode (E,, H,, H,) in a two-
dimensional structure (Fig. 1) is sensitive to the bias mag-
netic field [8]. We will consider the TE mode propagating
in the y direction, possessing no variation in the z direc-
tion, and having the time dependence exp (— jwt). Accord-
ing to the perturbation method with multiple space scales
[4], the sinusoidal function A( y) is given by

x=h(y)=h(1+8ycosKy), K=2m/A (1)
where 8§ is the formal expansion parameter, 7 is the
modulation index, and A is the periodicity of the corruga-

tion. The permeability tensor i of the ferrite slab is given
by

— 7 Wo,
po—Jk 0 p=14 s
g=1Jjx u 01, Wy~ w
0 0 1 wg = Yo Ho,
Ww,,
= —
wl—w? 2)
meY:U‘OMs

where v, poM,, and uyH, are the gyromagnetic ratio, the
saturation magnetization, and the bias magnetic field, re-
spectively. The phasor amplitude of the electric field E,
satisfies the differential equation

9* a?
+—+euk*|E

. ~0
x> dy? o

r=a,f.d. (3)
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Fig. 1. Analytical model of the corrugated ferrite dielectric slab struc-
ture.

We shall identify the quantities corresponding to each
layer by index r; that is, the air (x> &) by a, the ferrite
slab (h > x > 0) by f, and the dielectric slab (0 > x> — d)
by d, respectively. H, and H, are expressed in terms of E,
as

H_ = ! (8 - jK a)E r=a,f,d (4)
M Jwokok, \ 9y "dx 7 o
-1 d J
yr:jwoﬂ-(),ua (ax .] ra )E 2 r=a7f7d (5)
where

Mf:‘(.uz_’cz)/ﬂ, k=‘*’0v50.“0-

In the above equations, k is the wavenumber in free space
and e, is the relative permittivity of each layer. For the air
and the dielectric slab, p, =1 and &, =0 are assumed.

We consider the perturbation up to 82. The chain rule is
applied as [4]

Kf=K/Au‘7

d d 5 d ©)
= r— + —_—

dy Ay

and the expansion of the fields is as follows:

‘I’(an) =(D0(X,YOa)’2)“"8‘1)1(3‘»)’0’)’2)
+8°®,(x, 35, 3,), ®=E,H,H, (7)

Substituting (6) and (7) into (3) and equating the coeffi-
cients of equal power of 8, we get the following differential
equations for each order 8™

2 82
0(8"): (-3}7+:9y—02+€rmk2 E,,=0,
n=0,1;r=a,f,d (8)
2 32 32E”0
o(6°): 5+ gy ek a2
r=a,f,d. (9)

For simplicity, we will replace the electric field E,,, by
E,, and H _and H, by H,, and H,, for each layer.
The boundary cond1t10ns are that E, and H, must be

continuous at x =0, E, =0 at x=—d. For each order 8",
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these become

0(8"): E;,=E,,, n=01.2 (10)
1/( 4 d dE,,
+j E, =—, =0,1 (11
( ax ey, ) " Tox 0 (D
dE;, JE JE JE
0(82): == | 55+ iy 2y L === (1)
“9x 3y, Iy, dx
at x = O, and
o(8"): E;, =0, n=0,1,2 (13)
at x = — d. From the continuity of the tangential electric
and magnetic fields at x = h(y), one finds that
’ E,=E; (14)
dx dx
H,,+—H,=H,+—H, (15)

dy xa Y f dy

Substituting (4) and (5) into (15), expanding E, in Taylor
series about x = h, with the help of (1), (6), and (7), we
obtain two sets of equivalent boundary conditions at x = h
as follows:

0(60): ErO?

d d E
—+ o
ax TG

continuous, r =a, f (16)

r

aE‘rO
o(8"): E,1+hncosKy——g, (17a)
L2 + E,+hy| —+ i
3)(? .]Kra r1 n a J'cra
8Er0 .
-(cos Ky—) + AnK sin Ky
dIx
d d E
8 0 J rax r0
continuous, r =a, f (17b)
JE, 1 ,0%E,,
0(8%): 2+hncosKy—a—+ (hmcos Ky) peal
x
(18a)
1 [9E JE, JE,
il r2+J 2+ O)
po| 9x Ivo
R 3 o, 9
+ né——+]x’3 (Cosyax)

d d
+h11Ksme(T—ﬂc, )E1
¥ ax

ad d
+ —h2n2 — + jk,—— || cos® Ky
2 dx dyy

+ h%%*K sin Ky i — Jk —(1
8 Yo "dx

d°E,,
Ix?

( JE,,

: continuous, 7 =a, f.
dx

(18b)
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B. Zero-Order Fields

The zero-order field E,; is referred to as the guided
wave [4]. From the wave equation (8), we express the
zero-order fields E,, in the waveguide without corrugation
as

E = NgAOefkl(x*h)eJBYO, o>x>h (19)
e o—nla cosk,x Csinkzx B \ 0
= + Yo, > x>
70 T8\ O cosk,h o Usink,yh ¢ *
(20)
sinh | k;(x +d
Ez=N,D, _[ s(x+d)] er,  0>x>-d
sinh (k;d )
(21)
where
k2=B>— k>, Ki=euhi—pE ki=BP—e k.
(22)

By applying the boundary conditions (10), (11), and (16)
for the zero-order fields (19)-(21), we obtain that

[E][F]=0 (23)

where [F,] is a 4 X1 matrix with unknown constants A4,
B,. C,, and D,, and the elements of the 4 X4 matrix [Z]
are given by

§u=8u=83=863=6,4=0
§n=—¢n=—§3=§,=1 521=ka1

§,=k, tank2h+xfB, §23=k/,8—k2cotk2h
§p=—xB, £ 3=k,cotk,h
4= —pskycoskyhcoth(ksd). (24)

With the help of (23), the unknown constants in (20) and
(21) can be replaced by 4, in (19) as follows:

£, = —cosk,h,

1
By = - coskyh(Rsinkyh + kycoskah) dy (250)

2

1
C, = . sink,h(k,sink,h — Rcosk,h)A, (25b)
2

B,

D, =
cosk,h

(25¢)

where
R=pk;—kp.

From the condition of the nontrivial solution of (23),
det[Z] = 0, we obtain the zero-order dispersion relation

1
— K2~ kB ky — x,B)] tan kyh tanh (k3d) — kok,
By

+ k(. B — p k) tan kyh — kik, tanh (kyd ) = 0. (26)

In (19)-(21), the normalization constant N, is chosen in
such a way that the power P, carried by the guided wave

in the y direction over a unit width in the z direction is
obtained as P,, = | 40> By utilizing the relation given in
(252)—(25¢), N, can be derived as
dopopkikiks |2
Ng=|: Mol 1Ko 3} (27)
U

where
U= p Bk3ks+ kycos?kyh (ksV + p Bk, S?W )
V=Bk,h(S*+T?) +ky(BR~x,k3)/
cos?kyh + Sk koS — BT)
W =cot h(k,d)— k,d /sint® (k,d)
S=k,+ Rtank,h, T=R—k,tank,h.

C. First-Order Fields

The perturbed first-order fields are caused by the origi-
nally excited wave due to a corrugation. From the boundary
conditions (17a) and (17b). we can find that the propa-
gation constants of the first-order field are 8,;,=8—K
and B,,=p+ K for space harmonics m = +1. The first-
order solution of E,, including the amplitudes of the
incident wave A4, and of the radiated wave A4,, can be
expressed as a combination of two scattered Floguet modes
B, and B, for each region:

En=N,[d,e7ath 4 g eraatx=m] gsburo
al Ia

+ Aye 22T MgBiye w>x>h (28)
£ 3 COS a3 x sina;x By
= - e 1170
n " cos azh sin sk
COS 04X sina,x
+ B17 B e!ﬁlz)’o’ h>x>0
“cosayh sina h
(29)
sinas(x+d sinag(x +d
Edl = DH#eﬂgu)’o + Dlz;vgejﬁu)’o’
sinagd sinagd
0>x>—d (30)
where

a12=k2_,812h 0‘%=:3122*k2» agzﬂffka“Blzl

2 _ 2 2 2 _ 2 2
as =€k — Biy, ag = e k" — B7,.

(31)

In (28), the normalization constant N, is chosen in such a
way that the —x and + x components of the Poynting
vectors P__ and P, associated with the incident and
radiated waves become |4,|? and |4,]?, respectively. N, is
deduced as

2 2 _ p2
aj=pek— B,

N, = (2"’.“0/0‘1)1/2‘ (32)

By applying the boundary conditions of the first-order
fields, that is (10), (11), (17a), and (17b), we can, with the
help of (25a)—(25c¢), express the unknown constants of the
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first-order fields (28) (30) as

By = (Ml/M) 2h77(P1+ Ja1.“fP)N Ag— 2]“1HfNA
(333)
[ 1 . .
n={(M,/M) _2_h77(P1 + J“1HfP)NgA0 =2 joypu N, A,
(33b)
D,, = By, /cosa;h (33¢)

and
1
A = Ehn[P +(Py— ayn P)(N,+ N,)/N| N, 4, (34a)

1

By, = Ehn[(P2 —ayu P)N,/N|N, 4, (34b)
1
C12=Ehn[(Pz_“zﬂfP)Nz/N]Nng (34c)
Dy, =B, /cosa h (344d)
where
P=k,—R

P =(pk}+k2)+BK(1—p,)—x,R(B—2K)
Py=(p/k} +k3) = BK (1 p;) — i,R(B+2K)
M = (ajcotazh - KBy — J""u“f)Mz
—(a3tana3h+nf,8u+ja1p,f)M1
"Kfﬁlz"'"‘z.‘-‘f)Nz

— (g tanagh +x B, — ayp ) Ny
M, = ajcot ash,

N = (a,cot a,h

M, = prascotasd + kB,
N, =a,cota,h, N, =pagcot agd + K By,.

From the boundary conditions of the first-order fields, a
relation between the amplitudes of the principal guided
wave A, the incident wave 4,, and the radiated wave 4,
can be derived as

A,=CA,+C,4,

(35)
where
1 -

C, = Ehn[P +( P+ jagp,P) (M, + My) /M| N, /N,
(36)
(37)
In (36), C,, and C,, are the coupling and reflection coeffi-

cients, respectively, and M* in (37) is the complex con-
jugate of M.

D. Second-Order Fields

The analysis of the second-order fields clarifies how the
guided mode amplitude and phase change in the corru-
gated waveguide. Here, we assume particular solutions for
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E,, in the form
=¢,(x)e,  co>x>h (38)
Ep=d(x)e®s,  h>x>0 (39)
Eg;=¢,(x)e,  0>x>—d. (40)

Substituting (38)-(40) and (19)-(21) into (9), we obtain
the following differential equations for ¢,(x):

9 21 d4, —ky(x—h
52 ki |eulx) = —2BN, ——e ) (41)
J? k2 ) 0B, cosk,x
—_— + —
dx ¢f(x) JBNs 6y2 cosk,h
aC, sink,x
¢ 2 (42)
8y2 s1nk h
9° dD, sinh [k;(x + d)]
—— k2 =_2
( 8x2 3)¢d(x) B g 19)}2 Slnh(k3d)
(43)
Solving (41)—(43), we can obtain the solutions
B 34, ,
=N — —k1(x*h)+A —ky(x—h) 44
¢“(x) kl 8 (9)’2 xe 2€ ( )
dB, sink,x dC, cosk,x
¢f(x) = — ﬁN X _(_9__2 '2 0 2
k, ¥y, coskyh 3y2 sink,h
B cosk,x c sin k,x )
+ +
2 cosk,h *sin k,h (
B cosh [k;(x +d)]
=——N,/(x+d
tal) ks s+ d) sinh (k;d)
sinh | k,(x +d
[k3(x + )] (46)

2 sinh(ksd)

By applying the boundary conditions of the second-order
fields at x="h and x=0, that is, (10), (12), (18a), and
(18b) for the Floquet mode exp(jBy,), the following ma-
trix equation is obtained:

[E][E]=1U] (47)

where [F,] is a 4X 1 matrix with unknown constants of the
second-order fields 4,, B,, C,, and D, of (44)-(46). The
elements of the 4 X1 matrix [U] of (47) are given as

n~ 2y (L, 2(k2 k2)N, 4
=jBh| —+—= |N——|= +
JB k, k% 3y, (2 77) 1 2 ) Ngfo

1
+ —2-h’n [jalNr(At - Ar) + a2A1]

1
—5hn [a;( By, tanayh — Cypcot azh)

+ a,( By tanah — Cpcot ayh)] (48a)
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Ky d4,
Kfﬁh)+ h——|N,

k2( B¢ 3y,

1
U2=_J}3[Mf(‘k—“h
1
1 2
+(—é—hn) [ufkl(kf+k§)—2KfBK2]NgA0
1
+ Ehn[.qur(“lz _BllK)(Ai+ 4,)

+(BuK

+ ka3, ( By, tanash — Cp cot aah)]

- 0‘:32)(311 + Cu)

1
+ Ehn[ﬂf(BnK_ a3) A; = (B K + o) (B, + Cyy)

+ k0B ( By, tanagh — Cpycot ayh)| (48b)
JBd B,
= —— coth N— 48
U, e coth(k,d) 3, (48c)
el 2 th(kyd)+d ) |N 9B
= JBB 1y k300 3 9y
B
- -I;—cotk hN,— 3 o (48d)

In (47), the 4X4 matrix [=] is the same as in (23).
Assuming a solution of (47), we may select the following
relation as one of the solvability conditions:

EaU + B U+ 2 U + 2, U, =0 (49)

where =, n=1 to 4, are the cofactor for each element of
the first row of det[=]. These can be obtained as

ok k2
B, =Lt (50a)
Ssink,h
= ks (50b)
T2 Ssink,h
1
By =— Sk, h;ufk ks coth(kyd) (50¢)
k
= 2 (50d)

4 sink,h
In (48a)—(48d) and (50a)—(50d), R and S are the same
values as those defined in (25) and (27), respectively.
Substituting (48a)—(48d) and (50a)-(50d) into (49), elim-
inating the unknown constants 4,, B,, C,, and D, from
(49), and with the help of (25a)-(25¢) and (33)—(35), we
get an amplitude transport equation as

34

0
a—yz‘ = ngAO + CgrAl. (51)
In the above equation, C,, and C,, are defined as
J{t N
ng = ‘(} ( Ehn) k1k3k3Q1 (52)
Cgr= MUN klk:Z;k3Q2Nr (53)
4

where

01 =26,BK? + p,Plad — a2 = 2K + ky (o, — ;)]
+( P+ jayu P)Gy /M +(Py— ayp,P)G,/N

Q, = (P+x,K)M+ (M +M)[(P+ joyu,P)
+ 1K (1B, — R+ joyp )|

Gy= (M, + My)| ey — pjod — By K(1— ) + jayp k|
+ay( R ~ kK )( M, tanash — M,cot ayh)

G, = (N + Nz)[“% + :“f“% +B,K(1- Nf)_ aZAU‘fkll
+a,( R+ x,K)(N, tanah — Nycotash).

Other quantities in (52) and (53) are the same parameters
as those given in the previous sections. In (51), C,, is the
extinction coefficient and the real part C,,, of C
defined as the leakage coefficient [4]-[6].

Since the operation of a transmitting antenna is based
on the scattering of a guided wave into a radiated wave
due to the presence of corrugation, the incident wave
amplitude 4, is assumed to be zero. Setting A4, = 0 in (51),
the radiation efficiency Q, of the leaky wave can be
deduced as [4]

2
0=~ 5E- (1 et (54
where L is the corrugation 1ength. The radiation angle 4 is
given by

~-K+

'B_Qk—cgg’) (55)

where C,., is the imaginary part of C,,. Since 6 is a
function of the bias magnetic field u,H,, 6 can be con-
trolled by altering p,H,.

= arcsin(

III. NUMERICAL CALCULATION

In order to clarify the radiation characteristics of the
waveguide structure of Fig. 1, the amplitude transport
equations (35) and (51) are solved numerically. The material
parameters of the ferrite slab are assumed to be p,M, =
1730.G, h=0.925 mm, ¢,=15.6, n=10.081, A=2 mm,
and L =110 mm (number of periods of the corrugation
N =55). For the dielectric slab, d =3.4 mm and ¢, =2.1.

The dispersion diagram is obtained numerically from
the zero-order dispersion relation of (26) at a fixed bias
magnetic field 0.8 T and is shown in Fig. 2. In the closed
area between the dotted lines 8, = k\/; and B, = kep,
above 25 GHz in the diagram, the electromagnetic fields
distribute hyperbolic functionally in the dielectric slab and
sinusoidally in the ferrite slab regions. In the frequency
range 40 to 50 GHz, both TE, and TE, modes can
propagate, but the TE, mode only lies in the radiation
region, K — k <8 < K + k, which is defined with (55) by
neglecting the small value of C,,,, and is shown within a
triangular region enclosed by the chained lines in the
figure. An abrupt change of the propagation constant of
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Fig. 2. Dispersion diagram for TE mode in a layered ferrite dielectric
slab structure at a fixed bias magnetic field 0.8 T.
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Fig. 3. Variation of the real and imaginary parts of the extinction
coefficient and the radiation angle of the fundamental TE mode as a
function of the frequency.

the TE, mode is observed near the gyromagnetic reso-
nance frequency f, = (wy + w,,)/27) (fy =27.2 GHz for
poH, =028 T).

The extinction coefficient C,,, + jC,,, and the radiation
angle @ are estimated numerically from (52) and (55) as a
function of the frequency, as shown in Fig. 3. It is noted
that both C,,, and C,,, depend strongly on the frequency
and have maximum values near 45 GHz. While § varies
monotonically with increasing frequency, and the rate of
its change (d6/df) is larger in the lower frequency range
than in the higher one. Since the leakage coefficient Copr
also depends upon the thicknesses & and d, the periodicity
of the corrugation A, the saturation magnetization of
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Fig. 4. Variation of the real and imaginary parts of the extinction
coefficient and the radiation efficiency as a function of the bias
magnetic field at a fixed frequency 46.8 GHz.

ferrite p,M,, and the permittivities e ; and e,, with the
exception of f and p,H,, we may expect that the radiation
characteristics can be improved by carefully selecting those
structural and physical parameters.

The radiation efficiency Q, defined by (54) and C,, are
shown in Fig. 4 as a function of the bias magrietic field. It
is noted that Q, increases with increasing H,, and has a
maximum value of 67.4 percent. But it approaches zero
near the gyromagnetic resonarice field poH, = (v — w,,)/Y
(uoH,=1498 T as f = 46.8 GHz).

IV. EXPERIMENTAL RESULTS

Experiments are performed in the frequency range from
40 to 50 GHz. The upper surface of a polycrystalline
yttrium iron garnet (YIG) slab with dimensions of 1.0 X
15.0x150.0 (mrh)3 has an array of rectangular grooves.
The width, depth, corrugation spacing, and number of
periods of the corrugation are 1.0 mm, 150 pm (hy=75
pm), A =2 mm, and N =55, respectively. The corrugated
YIG slab is supported by a Teflon slab bonded to a copper
plane by low-loss wax as shown in Fig. 1. The width and
the length of Teflon slab are 11.65 mm and 150.0 mm,
respectively.

In order to excite the TE mode in the corrugated struc-
ture, the upper surface of ferrite slab is held parallel to the
electric field of the TE;, mode at the output end of the
rectangular metal waveguide. Both ends of the layered slab
are tapered and one side is coated with a carbon absorber
to avoid the unwanted reflection of the waves. The corru-
gated structure is magnetized in a direction parallel to its
plane by an electromagnet. The radiated sigial is detected
through a standard horn at a distance of 106.5 cm from the
center of the corrugated ferrite slab. Here, detailed ex-
planations of the experimental setup used in these experi-
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Fig. 6. Theory and experiment for the main beam direction and the
radiation efficiency (amplitude of the main beam) versus the bias
magnetic field at a fixed frequency 50.0 GHz.

ments are omitted because they have been given in [2] and
[3].

Figs. 5 and 6 show the measured radiation angle and the
amplitude of the main beam as a function of the bias
magnetic field for different frequencies 46.8 and 50.0 GHz,
respectively. The solid lines of the radiation angle § are
obtained from (55). By increasing the bias magnetic field, a
continuous scanning of the main beam up to —40.5° is
observed in Fig. 5. The slope scanning rate A0/A(pyH,),

1EEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL 36, NO. 3, MARCH 1988

increases rapidly as the magnetic field approaches the
gyromagnetic resonance field p,H, =1.5 T. The maximum
scanning rate can be estimated with 1°/200 G. Similar
scanning characteristics of the main beam are obtained at
the frequency 50.0 GHz, as shown in Fig. 6.

The relative values of the main beam amplitude A4’ are
measured by using a dc voltmeter. At the operating
frequency of 46.8 GHz in Fig. 5, the maximum value of
A’, (AL) x> found experimentally is 19 mV, whereas at 50
GHz in Fig. 6 it decreases to 12 mV, as predicted by the
theoretical results on C,,, (Fig. 3). Because it is difficult to
compare directly the experimental data on A, with the
theoretical results on Q,, A% is transformed into decibel
form as 10log[ A, /(A.) m. ), Which may be considered as
an approximation of the radiation efficiency Q,. Here, we
used a square law detector.

The solid lines of the radiation efficiency in the figures
are estimated numerically with (54). In Fig. 5, Q, is found
both theoretically and experimentally to decrease rapidly
in the vicinity of the gyromagnetic resonance field.

Through these experiments it is concluded that the ex-
perimental data agree well with the theoretical predictions
within the experimental accuracy.

V. CONCLUSION

The leaky wave phenomena of the corrugated ferrite
slab supported by a grounded dielectric slab are analyzed
using the perturbation method with multiple space scales.
The amplitude transport equations which give the relation
between the guided and the radiated waves are derived.
The radiation efficiency and the angle of radiation are
estimated numerically by solving the amplitude transport
equations.

Experiments were performed in the frequency range 40
to 50 GHz using a corrugated polycrystalline YIG slab
fixed on a grounded Teflon slab. The main beam direction
and the amplitude of the leaky wave were measured as a
function of the bias magnetic field for two different fre-
quencies 46.8 and 50.0 GHz. The main beam direction
could be steered continuously by changing the bias mag-
netic field. The maximum scanning rate was about 1° /200
G. These experimental results are in fairly good agreement
with the theory.

The corrugated ferrite dielectric slab waveguide pro-
posed in this paper may be useful for the application of
the electrically scannable leaky wave antenna in the milli-
meter-wave frequency. If we select carefully the structural
parameters of the system, we may develop a mm-wave
antenna having a high resolution and a radiation beam
whose direction can be controlled by changing the bias
magnetic field.
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