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Abstract- A method of moment based analysis of a
folded E-plane tee junction has been presented
using Multiple Cavity Modeling Technique
(MCMT). The E-plane port is folded to provide the
reduction in size. Finally attempt has been made to
improve the frequency response characteristic of
the waveguide circuit by capacitive loading. The
proposed circuit has good agreement with the
MCMT, CST microwave studio simulated data and
measured data.

Index Terms- Folded E-Plane Tee, multiple cavity
modeling technique, moment method analysis,
global basis functions.

[. INTRODUCTION

Waveguide Tee-junction problem is as old as the
iris and filters. Variation Method, Boundary
Element Method, Finite Element method, Full
Wave Mode Matching Technique, Moment
method, Resonator method and Overlapping T-
block Method was used to analyze this structure
[1-8]. Sharp [9] proposed an exact method for
calculation of the electrical performance of the
rectangular waveguide tee junction. Das and
Chakraborty [10] were analyzed a folded E-plane
Tee-junction, using MCMT. To analyze this
structure the piecewise triangular basis function
has been used. Further the analyzed structure was
not matched to the junction and could be used as
an asymmetric power divider.

In this paper effort has been made to make
the folded E-plane Tee-junction symmetric on
inclusion of a capacitive load to the structure.
The structure has been analyzed using MCMT.
Further it has been analyzed using global basis

function. The MCMT 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.

II. FORMULATION OF THEORY

Fig. 1 shows the three dimensional view
of the folded E-plane tee and with its cavity
modeling and details of region is shown in Fig. 2
which shows that the structures have 3
waveguide regions and 2 cavity region. The
interfacing apertures between different regions
are replaced by equivalent magnetic current
densities (M;-Ms). The electric field at the
aperture is assumed to be
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Figure 1: Three dimensional view of a folded E-plane
tee with capacitive loading.
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Where the basis function e, (p=1, 2, 3...M) are
defined by

X -L<x<x +L

o sin{ﬁ(x—xw+L)} for * N
e = 2L

y, Wy<y, +W ()

0 elsewhere
_ L<x<x +L
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&= low Yo WEySy, +W
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Figure 2: Cavity modeling and details of regions of
the folded E-plane tee with capacitive loading.

In the eq. (2) and eq. (3)
e L=a,W=b, x,=0 and y =b+s
for aperture 1 with respect to cavity-1
axis.

e L=a,W=b,

v, =—b—s for aperture 2 with respect

x,=0 and

to cavity-1 axis.
e L=a,W=b-d,

v, =—b—s for aperture 3 with respect

x,=0 and

to cavity-1 axis.

e L=aW=b-d, x,=0 and y, =0
for aperture 3 with respect to cavity-2
axis.

e L=aW=b-d, x,=0 and y, =0
for aperture 4 with respect to cavity-2
axis.
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e L=a,W=b-d, x,=0 and y, =0

for aperture 4 with respect to cavity-3

axis.

L=a,W=b, x,=0 and y =0 for

aperture 5 with respect to cavity-3 axis.

e  Where 2a=22.86 mm, 2b=10.16 mm,
s=1.27 mm and d=.78 mm.

e 2s5=2.54 mm is the distance between
waveguide-1 and waveguide-2.

e 2t=12 mm is the cavity length in the z-

direction of
cavity-1

e ;=5 mm is the cavity length in the z-
direction of
cavity-2

e Cavity length in the z-direction of
cavity-3 can be chosen to any length.

The X-component of incident magnetic field at
the aperture for the transmitting mode is a
dominant 7 mode and is given by

H™ =-Y, cos (7;—;) eV )

1. EVALUATION OF THE INTERNALLY
SCATTERED FIELD

The internally scattered field in the waveguide
is obtained by using the modal expansion
approach presented in [11]. The internally
scattered electric field is given in [12]. Once the
electric field is obtained, the corresponding
magnetic fields can be derived.

The x-component of internally scattered
magnetic field can be obtained as,

H (5 )= ()

_ —;Kjosin{z—nf(x+a)} forp=mandn=0 )
0 Otherwise

e () = (7)=0 0

wr (e )0 o
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H‘Wg(E”‘) Hw‘g(M”)

ZYoZSln{ y+b)} forp=nandm=0 &

) n=0

0 Otherwise

IV. EVALUATION OF THE CAVITY
SCATTERED FIELD

The tangential components of the cavity
scattered fields are given in [14] where, Lcj is the
length and W, is the height of j" the cavity. L
and W, are the half length and half width of "

aperture.
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Where t. is half length of the cavity in z-direction
and I',_is the propagation constant.

r o= e (mE) _(mm)
" 20 2w)
k = o ue
1, i=0
=1
2,10
= eosd Bl X . ZLip_m
Fx(p)—{cos{z( a +p mj}smc{ 5 [L a,-]}
(5o pemfonef (22
+cos< = +p+m|psincd = =+ —
2\ q 2L g

and

F,(p)= {COS{Z (‘%* P- "j}smc{%[ﬁ_%]}
resf (e pen e (1)

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 .

V. 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:

Aperture -1, Region-1
HYe (M) +HM (M) +HYE (M) +

H:‘avl (Mly)+Hia\/1 (Mz.x)+H(;avl (MQ))' (13)

H™ (M])-H™ (M )=2H!"

H (M) +H™ (M) +H (M) +

HE (M) +H™ (M )+H™ (M3)- (14
H () 15 (17) =0
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Aperture -2, Region-2
H(;avl (Mlx)_'_H(;avl (Mly)+ Hiavl (Mz)c)+

H (M )+H (M) 12 (M))-(5)
Hiavl (M;‘ )_Hiavl (Miv ) =0

HY (M) +Hy (7)) + HY (M) +
HY? (M) +H™" (M) +H!™ (M])- (16)
e (01742 () =0

Aperture -3, Region-2

A 48 ()< () - (1)

HE (0 2 1 ) o) - 0
1 (o) -1 (02 =0

A (0 (00 ) <1 308 01 )

HE (M) () +He (M) e (m) - (18)
B (M) - () =0

Aperture -4, Region-3
_HiaVZ (M;)_ HiavZ (M3v )+Hiav2 (M:)'F

Hiav} (M:)+Hiav2 (M4v)+Hiav3 (M4v)_ (19)
Hiav} (M;)_Hiavfa (M5v) — 0
P (M) - (03 )+ (0

HE (M )+HS (M) +H™ (M])- (0)
7 (01215 (412) =0

Aperture -5, Region-4
_HiaVS (M:) _ HiavS (sz )+H§av3 (Msx)+

2y
HY™ (M) +HE (M) +H™ (M2) =0
()~ (0 o (012 o

(22)
HY (M) +H (M2 )+H™ (M) =0

VI. SOLVING FOR THE ELECTRIC FIELD

To determine the electric field
distribution at the window aperture, it is
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necessary to determine the basis function
coefficients E;;X/y at both the apertures. Since

the each component of the field is described by
M basis functions, 10M unknowns are to be
determined from the boundary conditions. The
Galerkin’s specialization of the method of
moments is used to obtain 10M-different
equations from the boundary condition to enable

determination of E;;X/y [13]. The weighting
function w’ 1y (x, y,z) is selected to be of the

. . ix/y
same form as the basis function e;,x 7. The

weighting function is defined as follows:

X,-L<x<x, +L
Yo Wsysy, +W

0 elsewhere

{sin {ql( o +W)} o LSXSKHL (24)

ind 9% (y—
o sm{ZL(x xw+L)} for (23)

q

Wit =

q

2w Y, W<y<y +W

0 elsewhere

The inner product is defined by
<H w ” Hew, dxdy (25)

Aperture
Where the elements of the moment matrices are
derived as follows:

<H;”C, V> _ —2abY, for q'= 1 (26)
Y 0 Otherwise

<H;Wg (MX)M}['I-.\’>:{ Zal:)Zno forP:qO:ﬂI;lan.dn=0 27)
TWISC
({01, =0 o5
CH (M) wy )=0 (29)
<Htﬂé' (M}_),ypé*x> - {_MZZ)YOL; forp= q(:t;earl\;lv(ilsfen= 0 (30)
(e (b)) =

JELWIW o | ()
s S (3] o
e
W

gy e
{;Sﬂﬂﬁ}{ {{ —1)}eas{, (241} 22,

= )joos{I, (5 +1)} 2%
where suffix ‘s’ and o’ represents the source and
observation aperture dimensions respectively.
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VII. REFLECTION COEFFICIENT AND
TRANSMISSION COEFFICIENT

To determine the reflection coefficient, we
decouple the sources, one at —oo in the feed
waveguide and the other at the window. The
incident electric field due to the TE,, excitation at
the z = 0 plane is,

E;"”zcos(”xj (32)

2a

i

When the window aperture is shorted, the
electric field is the field reflected by the electric
short circuit and is given by,

El:—cos(ﬂxj 37

2a.

i

When the generator in the feed
waveguide is removed and replaced by a perfect
match, the electric field for the dominant TE,
mode scattered by the window into the
waveguide is derived from equation (36) by
substituting m =1, n = 0, at the z = 0 plane as:

e i
et

Reflection coefficient I" can then be expressed
as:

ol e e
S MEir |

The transmission coefficient is glven by

g wpe [ (of «
s %?{ {if”“}ﬂ"{ }> (40)
s3]

The scattering matrix for this folded E-plane tee
is as follows:

Sll SlZ Sl3
SZ] 522 523 (41)
S31 S32 S33
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VIII. NUMERICAL RESULTS AND
DISCUSSION

Theoretical data for the magnitude of
scattering parameters for folded E-plane Tee at
X-band has been compared with CST Microwave
Studio simulated data and measured data.

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 CST
Microwave Studio simulated data and Measured
Data.

——S21MCMT ~ —=— S31MCMT S21CST
S31CST —x— S21Meas —e— S31Meas

7.5 8 85 9 9.5 1

S-parameter in dB

Frequency in GHz

Figure 3: Comparison of MCMT, CST Microwave
Studio simulated and measured data for S-Parameter
of a folded E-Plane Tee without Capacitive loading at
port-3 for 2t=12mm when excited at port-1.
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Figure 4: Comparison of MCMT, CST Microwave
Studio simulated and measured data for S-Parameter
of a folded E-Plane Tee with Capacitive loading at
port-3 for 2t=12mm when excited at port-1.
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Fig 5: Comparison of MCMT, CST Microwave Studio
simulated and measured data of S-Parameter of a
folded E-Plane Tee with Capacitive loading at port-3
for 2t=12mm when excited at port-2.
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Fig 6: Comparison of MCMT, CST Microwave Studio
simulated and measured data of S-Parameter of a
folded E-Plane Tee with Capacitive loading at port-3
for 2t=12mm when excited at port-3.
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Figure-7: Comparison of MCMT and CST Microwave
Studio simulated data for phase of S-Parameter S21,
S12, S13, and S31 of a folded E-Plane Tee with 2t=12
mm.
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Fig. 3 shows the S-parameters for the
proposed folded E-plane tee without capacitive
loading. In Fig. 4 to Fig. 6 the magnitude of S-
parameters for the proposed folded E-plane Tee
has been shown, which shows that the S,;. S15 Si3
and S3; have the equal magnitude of near about -
3dB at the frequency range 7-9 GHz. In Fig. 7,
the phase of the S;;. S15, Si3 and S3; have shown.
The Measured data for phase analysis has not
been shown in Fig.7, being it is completely
different from the computed data. The reason of
this difference is, in the mathematical modeling,
the E plane band arrangements are not included
what is used for measurement purposes.

IX. CONCLUSION

The result shown in Fig. 3 depicts that the
folded E-plane Tee junctions are not matched to
the junctions for equal power division. The
inclusion of capacitive loading to port-3 makes
the junction matched and equal power division
can be achieved over the frequency range of 7-9
GHz. Folding the E-plane arm gives compactness
to the structure. Furthermore, it can be tuned to
other band of frequency by changing the iris
dimensions.
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