UNCLASSIFIED

Defense Technical Information Center
Compilation Part Notice

ADPO013943

TTTLE: Mode-Matching Approach for the Calculation of a Waveguide Tee
Eistorted by Semi-Plates in the Branching Region

ISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TITLE: 2002 International Conference on Mathematical Methods in
[Electromagnetic Theory [MMET 02]. Volume 2

To order the complete compilation report, use: ADA4134355
The component part is provided here to allow users access to individually authored sections
f proceedings, annals, symposia, etc. However, the component should be considered within

the context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP013889 thru ADP013989

UNCLASSIFIED




540 MMET*02 PROCEEDINGS

MODE-MATCHING APPROACH FOR THE CALCULATION OF A
WAVEGUIDE TEE DISTORTED BY SEMI-PLATES IN THE
BRANCHING REGION

Sergey Kulishenko, Anatoly Kirilenko, Sergey Senkevich.
IRE NASU, ul. Proskury 12, Kharkov 61085, Ukraine: E-Mail: ksfi@krla.ire.kharkov.ua

One of configurations of OMT is a tee with metal plates in one of the straight arms.
These plates form a system of cutoff waveguides and reflect the mode of onc of the
polarizations. The simplest example is a waveguide tee with one plate within the direct
port and no overlapping of the plate and the branching region (Fi ig. la). This
configuration, as shown in [1], provides a good matching of 51de arm in a narrow
frequency band only and has increased dimensions. These facts limit OMT application.
The authors have pointed that MMT can be used only if there is no overlapping of plate
and branching region ([1], p. 388).

(a) (b) (c)
Fig. 1. OMTs based on the tee with metal plates

As it turned out later, one can solve the of mode diffraction on a tee with coordinate
discontinuities in branching region by using MMT (se [2] for configuration in Fig. 1b).
However the calculations have shown that a low return loss can be obtained in direct
arm for the single-plate case only in the beginning of operating frequency range. This is
caused by too deep penetration of the electromagnetic field into the cutoff regions. Due
to this fact the plate and below-cutoff waveguides cannot “imitate” the mitered bend. It
is obvious that increasing the number of plates can facilitate the problem solution.

el
- LT Ry
I Allon | (B o 3
. ”"“_““““i““‘““ ‘‘‘‘‘ C ‘ .‘.: b‘“ TTTenrhmr o mmmmomEs
- -

i,

(a) (b) (c)
Fig. 2. Tee with three plates and its division to subregions
In this paper we use the modification of MTT published in [2]. The field in branching
region (Fig. 2a) is represented as a superposition of two fields: a) horizontal
configuration with PEW on the top and b) vertical configuration with PEWs on right
and left side waveguides. We consider the case of E-field parallel to semi-platc edges.
The field matching for the inner regions of the subproblem geometrics can be performed
independently for both subproblems 4 and B.
Fig. 3 shows some elementary cell formed by subregions "6", "7" and "2" belonging to
subproblem 4 (Fig. 3a) and subregions "13", "2" of subproblem B (Fig. 3b).
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Fig. 3. Field matching in the elementary cell

Transverse field in subregions can be expressed as a superposition of eigen waves of
parallel-plate waveguide:
(p)

2 i (P)P) _ ~iyy (P _plp) .
E)(}p) — Z[p: ,e% z +pn e ( ) -sm(ﬁ,fp)x(")),

n=l1

= 2 _p A D) g
(P) N 0 | o e i (=t7-#7) o (P),AP)
HP = E iy, [pn e p, e sin{ 8,7/ x'"" ),

n=l

where p is the subregion number, p, and p, are the mode amplitudes,

2 .
B = ”l% n and ¥y = k% - ( B? )) are transverse and longitudinal wave
numbers. The field must satisfy the following boundary conditions:
E)()“ = Ey) on aperture"6"—-"7" © -
H.” =H_ " onaperture"6"~"7"

E;G) =0 onmetall 6 3 , .
H'® + H"™ = H® on aperture"6"—"2"

E;é) = E}(,z) on aperture"6"—"2"
Now we can perform field matching and project it on the basis functions of
corresponding subregions. Resulting equations are presented in matrix form as follows:

NOE®6" + N6 = M7 + MEDT + M3 + M2
MOy OEOG g6, © ¢ — NDyDFe - NDyDED T
- — —t
iM(26)7(6)E(6)6+ _ iM(26)}/(6)6- + Me£2—13)ﬂ(13)‘](13)13 +

2

+ Ml BIOJIF = iNPy D3 NPy DT

p' = {pf}, N = diag{a(%}) E®P — diag{ei}’,(,”)h(l’) } ,
yo) :diag{y}(qp)}, i :diag{,B,ﬁp’}, g =diag{(—1)"}’ nel2.3..

Here M'*? are the matrices of conventional coupling integrals and the elements of

matrices Me'*” are the following integrals:

where
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{Mei’”’)} — J-Sin( ,(””)x)-exp(i}/,(,(’)X)-dX- Note. that the electric field has been
mmn
S

matched on the wide cross-section (subregion "6"), and the magnetic ficld has been
matched on the two narrow ones (subregions "7" and "2").
The field matching on each of apertures results in 21 equations with 21 unknown
vectors of field expansion amplitudes. This allows us to form the matrix equation of the
2nd kind with a block type operator. By solving it we obtain the S-matrix of full circuit
and also the internal field. A study of the obtained solution numerical convergence
shows that it has non-monotonous character. Nevertheless. taking into account 40
modes in port "0" (number of modes in the each of other regions is proportional to its
width according to Mittra’s rule [3]) is quite enough for rather good accuracy. Powcer
disbalance between incoming and outgoing modes is less thanl0™. Under these
conditions the calculation of S-matrix per requency point takes about 2 sec on 1100
MHz PC. In examination of the algorithm certain instabilities were revealed. The arce
accompanied with a sudden change of the matrix operator condition number

Al
cond(A) =
law fails. This phenomenon causes sharp spikes on frequency response curves. The
spike width decrcases with increasing the matrix dimension. It is determined that the
positions of spikes coincides with the eigen frequencics of the branching region (the
resonator formed by assuming PI:Ws of subproblems A and B simultancously).

det(A) (by several orders). Simultancously the power conservation
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(a) (b)
Fig. 4. Frequency responsc of optimized construction

In order to obtain a good matching of the device under consideration. optimization

procedure was applied in two frequency bands. Corresponding results arc shown in Fig

4. In the optimization within operating range of the waveguide (8-12 GHz) it is possible

to ensure the return loss less than 28 dB (Fig. 4a). For a wider band (8-18 Gl1z) the

return loss is about 22 dB except of the resonance area near 13 GHz(Fig. 4b). This
resonance is caused by the appcarance of the second mode and has the same nature as

discussed in [4].
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