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Analysis of Corrugated Surface Wave Antenna
Using Hybrid MOM/UTD Method
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Abstract

The analysis of a surface wave antenna with the corrugated ground plane fed by a parallel-plate
waveguide is considered. An equivalent theorem is employed to subdivide the original problem into
three regions for the simple analysis: one concerning the geometry inside the shorted parallel-
plate(Internal region 1), one concerning the geometry of the corrugation(Internal region 2), and one
concerning the geometry of the conducting wedge(External region). The hybrid method of
moment(MOM)/uniform geometrical theory of diffraction(UTD) method is applied to analyze a
corrugated surface wave antenna with the end-fire radiation. Our numerical results are very well
matched with those of the previous experiment, better resulfs are obtained when compared with
those of the previous simple equivalent current approach, Also, we can obtain the parameters to
design an effective end-fire corrugated surface wave antenna.

running transverse to the direction of propagation

L Introduction can support surface wave instead of the dielectric-
clad ground plane often called to as a surface
A surface wave which comprise the corrugations wave structure. The theory of a surface wave
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antenna with a corrugated ground plane has been
supplied by many investigationsm\[aj. A surface
wave anfenna with the corrugated ground plane
fed by a parallel-plate waveguide was analyzed
and compared with the experiment result'. How-
ever, in this analysis, very simplified equivalent
magnetic currents on the parallel-plate waveguide
aperture and the corrugation apertures were used,
thus the result of the analysis are not matched
with those of the experiment.

Therefore, in this paper, we proposed a new
method to obtain better results than the previous
approximate method. The analysis of corrugated
surface wave antenna is performed by employing

BUE and reducing the

the equivalence theorem
original problem to three simpler cofigurations:
one concerning the geometry inside the shorted
parallel-plate(Internal region 1), one concerning
the geometry of the corrugation(Internal region
2), and one concerning the geometry of the per-
fectly conducting wedge(External region). The
Green's function of the external region is ob-
tained by using UTDm‘m, those of the in- ternal
regions are analytically obtained by using the
mode functions in each region. By applying the
boundary condition and ﬁsing method of moment,
the fields in each region are calculated. The
solution technique presented in this paper will be
referred to as a hybrid MOM/UTD method here,
Our method gives much better results when
comparing with the previous method. The influences
of the change of the propagation constant A/ko
and height of parallel-plate waveguide on the
radiation pattern are investigated to obtain the
parameters to design a practical end-fire corru-

gated surface antenna,
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1. Formulation

The geometry of the problem is sketched in
Fig. 1, where a perfectly conducting ground plane
with the surface loaded by a finite set of rec-
tangular corrugations is shown. The geometrical
and electrical characteristics of the structure are
uniform along z-axis. The feed is a parallel-plate
with the upper plate opened toward +x direction.
It is assumed that a TEM field is incident upon
the slot aperture, whose electric and magnetic
fields are given by

Ez’nc — _}’L/e—jkx;/
H™ = TI; e *z (1

in which V is the potential difference across the
plates, 4 is the height of the guide, 7=V p/e,
k= oV pe, and € = &€&, If the y-component
of electric field in the aperture of the parallel-
plate waveguide and the x-component of electric
field in the aperture of the corrugations were
known, one would have all information needed to
compute the fields in all regions. Hence, we employ
the equivalence principle to separate the problem
into three simpler configurations, The aperture
surfaces are metallized and the equivalent surface

currents +M? and +MS' are placed at the
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Fig. 1. Geometry of the problem.
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Fig. 2. Decomposition of the original problem into

three regions.

both sides of the surfaces, respectively. The equi-
valent structure is sketched in Fig. 2.

Based on the model of equivalence, the total
magnetic field inside the shorted guide is

H,=HY+ H! (2)

where the so-called interior short circuit magnetic
field is

HE=—f(e ™ 4 ¢ V%) = 20 cos k),
(3)
and the magnetic field in the guide due to the

magnetic current M7 of aperture of parallel-plate
and its image Is

2 A
b 0 Pl NP . , ,
HY==i%, Erfo MX(y)G (x,¥;0,y)ady.
4)
where 79 =V po/es. ko= @V o6 and the

Green's function G*(x,y;0,y") is

Mayi0y) = S % ke
G’ (x,v;0,%") 02,:0 Toik, cos (4% y)

. COS(—L we* (5)

in which k,=V # — (qr/h)?. a, is defined by

aq={1’p20.‘ (6)

The magnetic field inside the /-th cavity due
to the M&' is

Hzc'l —]—Ercf MC I(x )

G (x,y,x",0)dx. (7

where C; is the /-th cavity aperture path, ¢,
is the relative dielectric constant of the cavity re-
gion and the Green's function G“'(x,y;x", 0)
is derived as

el N S _ar

G (x,v,;x",0) Zo wk‘ cos =
-(x'—xd—%))cos—qh—(x 71”)
__cosk,(y +d) ()

sink, d

V kZ— (gqr/h)?, x, is the center

position of the /-th cavity, w Is the corrugation
width.

The magnetic field of the external region is

where, &, =

the field radiated by the equivalent magnetic
current MS' in the presence of the metallic

wedge. HS" can be represented as

b h , ex , ’
et = _of Mi(y )G (x,v;0,y)dy

?_‘ f ME(xDYG™ (x, vix",0)dx’
(9

4770

where G*' is expressed as

GC(x,y;x",y) = G x,y;x",y")
+ G x,y;x,9). (10)

where G¥*(x,y;x",v") an G (x,y,x",y")
consist of the geometrical optics(GO) terms and
the wedge diffracted terms, respectively. The re-

gion separation of geometrical structure fo obtain
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the external Green's function is shown in Fig. 3,
and the wedge diffracted field components are
shown in Fig. 4. Thus, the Green's functions
C¥x,y;x",y") and G(x,y;x",y") can

be represented as

direct . roy _l (2)
G Nx,y;,x",y) = 2]H

(kv (x—x")2 +(y —3")?) (11)
C(x,y;x",y") = leHéz)(kosl')Dh

. R — ko sy

(s 510, 61,01 = 07 E

le H®P ko (s + B)Dy ((s) + R)s, /
— jky 8y

(31 +h+81) ¢1,¢1 = (° )‘T_

+_ Hz)(kDS )Dh(S;nSl/(SIn + Sl),

2J
— jko 5y
61,0, =0 )T—
+G Zzghw order diff. terms - (12)

where D, is the two-dimensional UTD hard
diffraction coefficient ™, from the first term
through third term in G™(x, v;x,y) are
terms due to single diffractions. We define
G oy ovder digs. 1ems 85 the higher order diffraction
terms, which represent all terms except for the
terms due to single diffractions.

The enforcement of the continuity condition of
the tangential magnetic field over the apertures
leads to following integral equations,

,k h , , ’
%—’_ﬁ e,fo M(y) Glx,y;0,y)dy

__O_IhMt’(' ext . , ,
(Y)Y G (x, v;0,y)dy

4770 2 fClM“(x)Ge’”(x yix',0)dx
(13)
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Fig. 3. Separation of the external region.

—>x

» iy}
%

7 7
Fig. 4. Wedge diffracted field components,
‘iﬁe f M) G (x, vi &', 0)dx’
”O rc Cl F4 ’ F)
k h , N g
—O—f M(y) G (x, v;0,¥)dy

F B [ M) 6,y O
(14)



o] Bgl= MOM/UTD ¥ |43 F52 Edd} Jeve 4

where L is the total number of corrugations. The
unknown currents M? and MS' can be expanded

as a linear combination of pulses of the form

N,

M) = 2 MEP,() (15)

N,
MG = 2 M5 P, () (16)

where P, is the pulse basis function.
Applying the point-matching method on the
above equation gives

N, > Yut /2
o - R0 i , ,
Z‘HM”[]TO s,f \ Gy, ¥m: 0,5)dy

In— D)

ext . , ,
4y fy~/\/2 G (xm ¥ 30,5 )dy
b+ a2
2 cl f
L= l 4770 X, 0842

e o] = 2V
G (xmaym’x ,O)dx]_ ”h

kO yutAf2 ]

(17)

k() Xt A2
T fx gy Gea(x s Yt 0,5)ay

N, k XL+A1/2
+ 2 M L& f
= n2=1 N EA LN N

ko

cl
(xm,ym,x O)dxé‘ 1+ 47]

Xt A2

fx:. = N2

where 4 is the pulse segment length of aper-

G“’(x;,y;;x',O)dx']=o (18)

ture of parallel-plate waveguide and 2, is the

pulse segment length of /-th corrugaton slot. If
we express the above equations as forms of
admittance matrix, it can be shown as

N k
2 Mp[j 0 E,Y” 11_+_ {i] Ypp.e]
ﬂ=l n ”0 mn 4770 mn
Sl ke Lmel_ 2V
+ g 2 v =2 (19)

2 M”[ _ky Y2 e] Zl ﬁ:‘:lM:./_

[jﬁe,cy,:’,;‘za ,+—f°—Y,,’,’,f] 0 (20)
7o

where

il _ S _ &g i ar
Yoo 2 ik, COS =~ ¥ COS =3~ ¥y

sin(ﬂ%)
N N 21
k2
Y2 = i —a cos 9%
e =0 wkidtankd w
< (xh, —xi—?w)cos—%(xn —x! —77”
A
sm(—q— 1)
= AI A (22)
w 2
Yriz‘:; e __ Yuu direct Y ':z,a'i//
wand v=p or 7 (23)

Y uv, divect _
mn -

_ .2
24(1 Jn,h‘l 1o ),
m=n, u=v=p,

20 (12 nFI2L)

m=mn, u=v= r—l

DI e

< m¥*n, u poru——r v=l>

x,'=——+———+(z

Ry
3 D7

2 ,ﬁl H{? (ko xi+(y;—yf,—yi)2)% ,
< mFEn,u=por u=r, v=p>

R s SR A 2%
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. AN
! !
3G v, D

i u=poru=vr, v=1
uv, day -
Ymn -

. A
g GV, y0, 0,90 + )37

u=poru=yr, v=>p
(25)
and y=05772, e=2718 and M is the segmen-
tation number which segment the pulse length
A and A,
In the form of the admittance matrix, the
above equations are shown as

EEFIEIE] @

Eq. (26) represents the linear equation. After
solving this matrix equation and finding the

unknown coefficlents V? and V° indicating the
equivalent magnetic currents M7 and M5, one

can readily compute all fields in each region,

II. Numerical resuits and discussion

Before we design the end-fire corrugated sur-
face wave antenna, we applied our method into
the corrugated surface ("soft” surface) which is
used for the corrugated horn antenna design. Fig.
5 shows the amplitude of the total magnetic field
for the structure having e,=¢e,.=1, h=042, w
=014, T=01252, d=0254 when the number
of corrugation is 0, 5 and 10. It is observed from
Fig. 5 that the end-fire radiation is reduced, and
the maximum radiation angle is changed toward
the broad-side when the corrugation number is
increased. From Fig. 6 it is seen that the am-
plitude of magnetic currents at the apertures sa-

tisfies the edge condition of the magnetic cur-

364

0.005
——— No cavities
0004 | S 5 cavities
....... 10 cavities
__ 0003}
E
<
T 0002k
0001 |
0,000 . ' . .
; p p 0 120 150 180
Observation Angle (6)

Fig. 5. Amplitude of magnetic field: 7=01254, w
=014, d=0254, h=04 4, &,=1, €, =1
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Fig. 6. Amplitude of surface magnetic current: T=
01254, w=014, d=0254, h=0441, e,

=1, &,.=1L

rents, the magnetic currents toward end-fire is
decreased as more corrugations are added.

To design the end-fire corrugated surface wave
antenna, two relations'” are used, which are
Hansen-Woodyard and j/ky —d relations. First,
from tankyd=V\ (B/ky)*— 1( B/ky— d relation),
the corrugation depth is calculated, then the other
parameters are defermined by using 8/k, =1+
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A/2L ,(Hansen-Woodyard relation), where L, is
the total corrugated surface length. From these
two relations, we obtain the parameters as follow
L.=733A, B/ky=10724 and 4=0.05798 4. Our

“ solved by ap-

results are compared with those
proximation method putting a more simplified
equivalent current over the apertures of guide
and corrugations. As seen from Fig. 7, they have,
on the whole, similar shapes each other, but there
are much differences in the beamwidth and side-
lobe level. Also, our results are compared with the
e)q)eriments“] used a corrugated surface which was
2A wide and 7334 long embedded in a ground
plane 404 wide and 704 long, with the corru-
gation dimensions adjusted to give B/k;=1.07, con-
sistent with Hansen-Woodyard relation. Experiment
patterns were taken using a receiving horn which
was mounted on a rotatable arm 50 A long, there-
by simulating the far-field measurements for the
case of an infinite ground plane. With A/ A=073,
the experimental pattern which was obtained at
9840 GHz is shown as the line with circle symbol
in Fig. 7. Our results are much well matched
with those of the experiment except the slight

1.0
09 X < ] [ ]
0|\ —— Experimentd]
N — o Approximation(4}
o7 14 —— Our method
0.6 z
% o Al
g N\
g o4 i,\
® os %
\§
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00 N R
o 10 20 30 40 50 60
Angle from end-fire(6)

Fig. 7. Relative power pattern for a corrugated sur-
face antenna: 7=01254, w=0.14, h=073
A €,=1 €,=1, L=58, Lww=733R, Blk
=107 A, d=0.05798 A.

difference in the sidelobe levels. The beamwidth
and deep points(null angles) are almost same,
Therefore, we can conclude that our method pro-
vides more accurate results, From Fig. 8, it is
seen that the amplitude of magnetic currents at
the corrugation surface is changing sinuscidally,
that is, a surafce wave is guiding toward end-fire
direction,

Fig. 9 shows the relative power for different
values of B/k, consistent with Hansen-Woodyard
relation when 4 is 04 A. The smaller A/4; is. the
higher the sidelobe level is, but the beamwidth is
narrower, Fig. 10 shows the relative power for
different values of %. The smaller % is, the higher
the sidelobe level is, however, but the beamwidth
is wider slightly. Thus, to meet the moderate si-
delobe level and beamwidth, a tradeoff is needed.

Our method is very efficient to analyze the
proposed surface wave antenna by introducing
the UTD to get approximate Green's function of
the external region because it is difficult to ob-
tain exact Green's function of the external region

0.015

0010f |

M,/ Z(Am)

w

0000 67 020304 0 1 2 3 4 56 78
Aperture position () Cavity slot position (A)

Fig. 8. Amplitude of surface magnetic current : 7=

01254, w=014, h=0734, ¢,=1, &,=1

L=58, Lix=733 A, B/ky=1.07A, d=005798 7.
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by the complexity of the geometry. The nume-
rical efficiency of the hybrid MOM/UTD is re-
lated to how many higher order diffracted terms
are accounted to calculate the external Green's
function more exactly. However, the higher order
diffracted terms expressed in the Green's function

1.0
09 }
R —— prk,=1.0441

08 W\ ,d/A=0.04643

4 —— Bk,=1.0700

sk 1|8 AN=0.05798
% \ —eo— fyk,=1.1305
o 05 \ ,d/A=0.07725
R o4t
2

0 10 . 0 0o ®
Angle from end-fire (6)

Fig. 9. Relative power patterns for different values

of Blky : T=01254, w=01A, h=0424,

e, =1, €,.= 1.

10
R xy2No corrugation
AV h=0.2)
A
08} SR h=0.45
ol RN camevn h=0.60
<. ™ ——n=078798
g 06 N §
05 |- AN
gor & \
& o3 | Corrugdtion -
o2}t % NV -
<3 ’ \\ TwL -
01 1: S L~ . .
"- R ~ 4...\ -
oo N \¢4 -, Ay - Ll e > el .. ,»
0 10 20 0 40 50 60
Angle from end-fire (6)

Fig. 10. Relative power patterns for different values
of h © T=01254, w=014, &,=1, &,=
1, L=58, Lw=733A, ABlky=107TA, d=
0.05798 A.
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are simple functions, thus those have almost no

effect on the numerical evaluation,

IV. Conclusion

A hybrid MOM/UTD method was presented
for the analysis of the surface wave antenna
with the corrugated surface in an infinite ground
plane fed by the parallel-plate waveguide. The
presented approach employed the equivalent the-
orem to lead to a simplification of the analysis.
Thus, the problem domain was subdivided into
one external region and two internal regions. The
exfernal region consists of the conducting wedge
with the equivalent currents as additional sources.
The Green's function of the external region was
found via UTD, ie, the sum of the geometrical
optics and the wedge diffracted terms, The In-
ternal region 1 and 2 consist of inside the shorted
parallel-plate and the cavities of the corrugation,
respectively. The Green's functions of the interior
region were analytically obtained in terms of the
modal function. By applying the boundary con-
dition and MOM, the fields in each region were
obtained. The relative power pattern of the pre-
sent method was compared with that of the pre-
vious approximation solution and the experiment.
Our results are much well matched with those of
the experiment. Therefore, the present method is
very useful for obtaining the accurate result. We
also investigated the effects of the parameters
needed to design a practical end-fire corrugated
surface wave antenna. The present method is
applicable to the corrugated horn antenna design.
Future extensions of this work include the cor-

rugated surface antenna with finite ground plane,



sto]Hg= MOM/UTD W€ ©143 53 Euu gdelutef &4

References

[1] C. H Walter, Travelling Wave Antennas.
New York : McGraw-Hill Book Co., Inc
1965, pp.  258-268

[2] R. E. Collin and Francis J. Zucker, Antenna
Theory Part 2 New York @ McGraw-Hill,
1969.

(3] H Jasik, Antenna Engineering Handbook.
New York: McGraw-Hill, 1961.

[4] R. S. Elliott, Antenna Theory and Design.
Englewood Cliffs, New Jersey @ Prentice-Hall
Inc., 1981, pp. 429-453

[5] R. F. Harrington and J. R. Mautz, "Gener-

A F X
1991 29: AEO sy AzLes
(F84H
19939 24 AZYEY dEd A

Ao HFEHHA

19939 39~8A: ZAEREE o3}
2 ALY E)

F ByRoH AR 42 2 9

19919 29 AEOEy M2 ssd
(3

1993¢ 29 ASWIL B A
X}t BB
Qo8 8Y: ARUSL e A

}%—W(ﬂlww
[ 24Pl AA% 42 2 o)

U a4

alized network formulation for aperture pro-
blems,” IEEE Trans. Antennas Fropagat.,
AP-24, pp. 870-873, Nov. 1976.

(6] A. Borgioli, R. Coccioli and G. Pelosi, "Elec-
tromagnetic Scattering from a corrugated
wedge,” [EEE Trans. Antennas Propagat.,
AP-45, pp. 1265-1269, August 1997.

[7] R. G. Kouyoumjian and P. H. Pathak, “A
uniform geometrical theory of diffraction fbr
an edge in a perfectly conducting surface,”
Proc. IEEE, vol, 62, pp. 1448-1461, Nov. 1974,

(8] D. A. McNamara, C. W. 1. Pistorius and J.
A. G. Malherbe, Introduction to The Geo-
metrical Theory of Diffraction. Boston, Lon-
don:Artech House, 1990, ch. 4,5.

ciy

&

19609 8¢: dAUe A7F g
(F8Ah
19759 8€: ATy ey £

- AFRRFENA

19843 8Y: AUy WY A

/7 A FEY

f1966 49 ~19779 449 F3 &
Z AEEAT A 7)ex 44 NERY

19774 49 ~dA): ARy Hx-Fe 25

[ BAEH] 185, A4EA, rlelazg ¥ ¢
U

367



