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Abstract— A method of moment based analysis of the feed network of a waveguide fed two
dimensional array antennas has been presented using Multi Cavity Modeling Technique (MCMT)
in transmitting mode. The proposed power divider is unlikely to the family of Tees. The output
ports are in the same planes as the input which is an advantage for phased array applications.
The proposed 1:2 power divider has good agreement with the theory, CST microwave studio
simulated and measured data over entire X-band frequency range.

1. INTRODUCTION

Low cost, Low Profile two dimensional scanning phased array antennas have wide application in Low
Earth Orbit (LEO), Middle Earth Orbit (MEO) and Geostationary Earth Orbit (GEO) satellite
communication. Multi-port Power divider has already found wide applications in phased array
techniques. Basic requirements for the considered class of beam forming networks are: Low losses
in the operational frequency band, the high accuracy of power splitting (With necessary amplitude
and phase distribution at the outputs). Today, a large number of configurations and power divider
constructions are known [1-6]. However the problems of theoretical analysis of high quality power
divider remain unsolved. Effort has been made to miniaturize (dimensionally) a 1:2 power divider
with wide band frequency response.

Present work was performed for theoretical analysis of a 1:2 power divider for phased array
application using Multi Cavity Modeling Technique (MCMT) [7] and compared with the practical
data. The technique involves in replacing all the apertures and discontinuities of the waveguide
structures, with equivalent magnetic current densities so that the given structure can be analyzed
using only Magnetic Field Integral Equation (MFIE). Since only the magnetic currents present
in the apertures are considered the methodology involves only solving simple magnetic integral
equation rather than the complex integral equation involving both the electric and magnetic current
densities.

Figure 1: Photograph of a 1:2 power divider.

2. FORMULATION OF THEORY

The photograph of a basic 1:2 power divider is shown in Figure 1 and with its cavity modeling
and details of region which shows that the structures have 3 waveguide regions and 1 cavity region
shown in Figure 2. The interfacing apertures between different regions are replaced by equivalent
magnetic current densities. The electric field at the aperture is assumed to be
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Figure 2: Cavity modeling and details of regions of a basic 1:2 power divider.
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where the basis function e, (p =1, 2, 3, ..., M) are defined by
' . pm o Tw—L <z <zyp+L
eV = { sin { £% (z ww—l-L)} for oWV < Y < g + W (2a)
0 elsewhere
. fpm o Tw—L <z <xp+ L
e = { sm{QW (y yw+W)} for VoW < Y <t + W (2b)
0 elsewhere

In the above expressions:

e L=qa, W=0b, 2, =0 and y,, = 0 for aperture 1, aperture 2 and aperture 3 with respect to
waveguide co-ordinate.

e L=a, W=0b, z, =0 and y,, = 0 for aperture 1 with respect to cavity axis.

e L=a, W=b,z, =D+ a and y, = 0 for aperture 2 with respect to cavity axis.
e L=a, W=b,z, =D —a and y, = 0 for aperture 3 with respect to cavity axis.
e where ¢ = 22.86 mm, b = 10.16 mm, D = 1.27 mm.

e where 2D is the distance between waveguide-2 and waveguide-3.

The X-component of incident magnetic field at the aperture for the transmitting mode is a
dominant T'F1yp mode and is given by

. T s
H = —Yj cos <%) e~ IP2

3. EVALUATION OF THE INTERNALLY SCATTERED FIELD

The internally scattered field is obtained by using the modal expansion approach presented in [8].
The internally scattered electric field is given in [9]. Once the electric field is obtained, the corre-
sponding magnetic fields can be derived.

The modal voltages are given by (considering only e;,’qm part of the aperture electric field):

Vi = W[Epz - Epy] (3)
Vi =0 (4)
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The z-component of internally scattered magnetic field can be obtained as,

Hwvg (Ezy) — Hwvg (sz) _ Z osm{ (x—i—a)} for p=m and n=0 (5)
z D x P
Otherwise
H () = M (Vy?) = 0 ©)
Y (5) = B () =0 m
- . (nw
H;wg (E;:v) - _H;vvg (M;l,y) — ;Y(ﬁzsm{%(y%—b)} for p=mn and m=0 ()
0 Otherwise

4. EVALUATION OF THE CAVITY SCATTERED FIELD

The tangential components of the cavity scattered fields are derived in [5]. The final form of the
tangential components of the cavity scattered field will be same as given in [6], where L. is the
length and W, is the width of the cavity. L; and W; are the half length and half width of ith
aperture.

2
cav? x _ jw& emenLiW; mm i m
H“ (M) ZZ STV { <2Lc> }SIH{ZL (:L’—}—L)}

m=1n=0
X €OS {QTIL/V (y+ W, )} cos {2W (Yyw + W, )} sin ¢ {;&Wz} F. (p)
y (—1) { cos{Tpn (z — te)} cos {Tpn (20 + tc)} 2> 20 ()
T')yn sin {Qantc} CcOs {an (ZO - tc)} COS {an (Z + tc)} z < 20

j L;W; mm nm mm
Hew (\fY) — ]WE EmEnLiVVi . I
e (M) ZZ LV, 2L, 2w, S™ o, (¢t Le)

m=1n=0
X €OS {2W (y + W, )} cos {2L (xyw + L )} sin ¢ {;nLiLZ} F, (p)
y (1) { cos {Tyn (2 — te)} cos {Tmn (20 +te)} 2> 20 (10)
Ly sin {20 mnte} | €08 {Tmn (20 — te)} cos {T'mn (2 +t0)} 2 < 20

j jwa emEnLiW; mm nm mm
HCY (AT = I
v M) Z Z 2LW, 2L.2W, { or, C)}

X sin {2W (y+ W, )} cos { AR )} sinc {;v;w} Fy (p)

y (—1) { cos {Tyn (2 — te)} cos {Tonn (20 +te)} 2 > 20 (11)
Ty $in {20 mnte} | €08 {Tmn (20 — te)} cos {Tmn (2 +t0)} 2 < 20

2
cavd u jwe emEnLiW; nmw mia
™ (M7) = ZZ 2LV, { <2WC> }COS{QLC (”“”FLC)}

m=1n=0
X sin {QWC] (y+ W, )} cos {QL (xy + L )} sin ¢ {;n[:LZ} Fy (p)
(-1 cos {Tmn (2 — te)ycos {Tmn (20 + o)} 2> 2
% I sin {QantC} { cos {Pmn (ZO - tc)} Ccos {an (g + tc)} z < 28 (12)

At the region of the window, the tangential component of the magnetic field in the aperture should
be identical and applying the proper boundary conditions at the aperture the electric fields can be
evaluated [6].
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5. IMPOSITION OF THE BOUNDARY CONDITION

At the region of the window, the tangential component of the magnetic field in the aperture should
be identical and is given by:

Ht (M) HE™ (M) + HE00 (MY) + HE™ (M)

— HE (M) ~HE™ (MY) ~HE™ (Mg) ~HE™ (M) = 21 (13)
Hat (M) HE (M) + HPo! (MY) + H™ (M)

G (M) —H (M) —HE (M) —HE™ (MY) = 0 (14)
HE (M) —H (M) + HE™ (M) + H2 (01

o+ (MY) +HE? (M) +HE™ (M) +HE™ (M) = 0 (15)
—H (M) —H™ (MY) + i (M§) + H® (M)

O (M) +HE (M) +H™ (M3) +H™ (M) = 0 (16)
—HE (M) —HE™ (M) + HE (M§) + HE™ (M)

+ H (M) +HE (M) +HE™ (M) +H2 (MY) = 0 (17)
—H (M) —H™ (MY) + H™ (M§) + H™ (M)

H (M) +H ™ (M3) +H™ (M) +Hy™ (M) =0 (18)

6. SOLVING FOR THE ELECTRIC FIELD

To determine the electric field distribution at the window aperture, it is necessary to determine

the basis function coefficients E[i,’ /Y at both the apertures. Since the each component of the
field is described by M basis functions, 6M unknowns are to be determined from the boundary
conditions. The Galerkin’s specialization of the method of moments is used to obtain 6M-different

equations from the boundary condition to enable determination of Ez o/ [10]. The weighting
function wy /Y (7, y, z) is selected to be of the same form as the basis function e, /Y The weighting
function is deﬁned as follows:

' o qm o Ty —L<ao<wy+ L
wyt = { (e D)o Yo —W <y <y, +W (19a)
0 elsewhere
' N Ty —L<zx<x,+L
wh® = { sin {5 (y —yw + W)} for Yo —W <y <y, +W (19b)
0 elsewhere

The inner product is defined by

(H, w,) / H - wydgdi (20)

Aperture

Using the boundary condition given by Equations (13) to (18) and the definition of Equation (20),

I (M) + HE (M)}, ) + QH! (M) HE™ OB ) = (HE ), )
— (HE (M), wh?) — (HE (M), wh?) — (HE™ (M), wh?) = 2(H, wh?) (21)
(™ (M) + H QI ™) () (02) + HE O}, ) — (3 O, )
— (H (M), wh®) — (™ (M3), wh ™) = (2 (M), wh) = 0 (22)
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o <H£a’u (Miv)a wg,y> _ <H£tw (Mi/) 2, y> + <{Hca’u M:v) H’u}vg? (M:r)} , wq y>
+ ({HS (M) +HE? (M)}, wh?) + <HC‘“’ (M3), wi¥)+ (HS™ (M), wy¥) =0 (23)
= CH™ (M), ) CH () B ) ((H (M) + H ()Y i)
+ ({HS™ (MY +HY? (M)}, wp®) + (HS™ (M), wy ™)+ (H™ (M), w?®)y =0 (24)
G (M) ) — (HE (M) V) + (HE (M), ) + (L M), )
+ ({H™ (M§)+H;“”95’ (M3) },wq’y>+<{Hw” (M3) +HP"? (M)}, wp?) =0 (25)
A OG0 ) (B 300 ) 1 (7 O5) ) 8 0 00 )
+ ({H™ (M3) +Hy™ (M;)},wg’“’>+<{H§“” (M) + Hy* (M3}, wi ™) = (26)
where the elements of the moment matrices are derived as follows:
ey = {7 e @
<Hg'éuvg (M), wé’y> _ { O—2abY€ for gtze(i;iszz and n=0 (28)
(HYY (My), wi¥)y = 0 (29)
(H" (Mg), wp™) =0 (30)
e an o) = " B @)

caw i jwsL WsL,W, ma\ 2
(Hg™ (M), wg¥) = 2 aLv. Zsmen {k2 < > }

m=1n=0

nm . nm . nm
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) jwe LWL ,W, mm nmw
Hcav M. LYN — men
(™ (M) i) = 5 =5 mozszcch

X cos{;l;-(st + Lc)} sin ¢ {;ZL} cos {2W (Ywo + W, )} sinc {;I;CW}
s (P) Fro (9)} { €08 {Lun (2 —te)} oo {Tmn (20 +1e)} 2> 20 (5
an sin {2antc} cos{Lyn (20 — te)}cos{Tpn (2 +tc)} 2 < 20

cav LT\ _ jCUEL WsLoW, mm nmw
<Hy (My) , w >— IR ZzngnQLcﬂ/Vc

m=1n=0

X COS {?L(xwo + LC)} sinc {;”L”L} cos { oy Was + WV, )} sin {;}gw}
s (P) Fyo (4)} { cos {Lun (2 —te)}cos Tmn (20 + e} 2> 20 (5
an sin 20 ntd | €os {Tn (20 — te)}cos{Tmn (2 +tc)} 2 < 20

v iy jwe LW,LoW, nr \?
VM) gy = = = Z e {kQ <2W )
m=0n=1 ¢
) mm ) mm
X COS {ZL (ws + L )} sinc {2LCLS} cos {ZL (Two + L )} sin ¢ {2LCLO}
{=Fys (p) Fyo (@)} [ cos {Tmn (2 — te)} cos {Tpmn (20 + tc)} 2> 20 (35)
T, sin {Qantc} COS {an (ZO - tc)} cos {an (Z + tc)} z < 2

where suffix ‘s’ and ‘0’ represents the source and observation aperture dimensions respectively.
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Rewriting Equations (27) and (35) in the matrix form, for all p and ¢:

I v e I e b I v d I N R C2d o I QPR VLS
L I L Bl o Il L el L Wl U E- {0}
—| lei] V5] [ 2x2z] [Y59] [ 2%2] [¥5:] E=Y _ {0} (36)
-] el Y] Yool Yol [V E>® {o}
-Vl =Dl Vel Vel Vil Ve E>Y {0}
LT 07 B D 5 B 5 N 0 7o R < d I O W 9 L {0}

Figure 3: Photograph of arrangements of H-plane bends for measurement purpose.

7. REFLECTION COEFFICIENT AND TRANSMISSION COEFFICIENT

The procedure for derivation of reflection and transmission coefficients is given in [11]. Following
the same procedure the expressions for I' and 7T is given by:

E! + E?
_ Ty y _ 1y
Etransmitted 2/3
T21/31 = 4 Finc = -k Y (38)
Y

8. NUMERICAL RESULTS AND DISCUSSION

Theoretical data for the magnitude of scattering parameters for an H-plane 1:2 WR-90 waveguide
power divider at X-band has been compared with CST Microwave Studio simulated data and
measured data in Figure 4.
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Figure 4: Comparison of theoretical, CST microwave studio simulated and measured data for an H-plane
1:2 WR-90 waveguide power divider for 2t = 12.2 mm.
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MATLAB codes have been written for analyzing the structure and numerical data have been
obtained after running the codes. The structure was also simulated using CST microwave studio
while measurements were performed using Agilent 8410C Vector Network Analyzer. The theory
has been validated by the excellent agreement between the theoretical, CST Microwave Studio
simulated data and Measured Data in Figure 4. In Figure 5, Sq; is presented for various values of
the length of cavity (2t) and in Figure 6 for Sy; and S3;. The scattering parameters for the circuit,
when excited through port -2 and port -3 have not been presented in this section because these are
less important in the study of a power divider.

1
0.9 | /ll' —e— S11-MCMT_5
0 8 b /‘ 1
: —&— S11-MCMT_10
0.7 _
0.6 / | S11-MCMT_15
0.5 1 S11-MCMT_20
0.4 Za
03 D 3 —%— S1-CST_5
02 T o - —e—S11-CST_10
-,

i I e~ 0000000 |
og -~ ——SM1-CST_15

5 o 0 1 1 S11-CST_20

Frequency in GHz

Figure 5: S7; of an H-plane 2:1 WR-90 waveguide power divider with 2¢ = 5mm, 10 mm, 15 mm and 20 mm.
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Figure 6: S; and Ss; of an H-plane 2:1 WR-90 waveguide power divider with 2¢ = 5mm, 10 mm, 15 mm,
and 20 mm.
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