388 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 11, NO. 9, SEPTEMBER 2001

A Unified Modal Analysis of Off-Centered
Waveguide Junctions With Thick Iris
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Abstract—n this paper, the unified mode-matching technique
for concentric waveguide junction analysis is extended to calcu-
late the scattering parameters at off-centered step discontinuities LA
in waveguides. Because the modal fields in both waveguides are e
expressed accurately by polynomials in mono coordinate system, / o oy % X
the analytical expressions of the coupling coefficients are easily ob- T e
tained. Furthermore, all waveguides are tacked with in a unified ' .8 g
manner. Comparison with the data available in literature demon-
strates the accuracy and flexibility of the present method. T

Index Terms—Mode-matching method, off-centered waveguide
junction, unified analysis.

. INTRODUCTION

A unified and efficient mode-matching technique has been
proposed for the analysis of concentric waveguide junc- - o
tions, where both waveguides can be rectangular, circular, ellip-

tical, or their different combinations [1]. This technique is based
on the unified polynomial approximation method of waveguide
modal analysis [2]-[4], where the higher-order modes in reg- (b)

ular waveguides can be determined accurately by the QZ fagg. 1. cross section and side views of structures under study [(a) off-centered
torization for generalized eigenvalue problems [5]. The investiaveguide junction and (b) thick iris in waveguide].

gation was limited to simple cases of two waveguides concentri-

cally connected. The rigorous and efficient analysis of off-cen- The longitudinal fields,c. of TM modes ¢-type) and/.
tered waveguide junctions is often required in characterizing TE modes &-type) in a hollow conducting waveguide, are
more complicated structures, such as filters and multiplexisglved by the unified method in [2], [3] and expressed as fol-
networks. This paper presents the extension of this unified aogs
efficient mode-matching technique to off-centered cases.

guide 1

m
e-(w,y) =Y CU(z,y)a"y’ @)
Il. SCATTERING MATRIX FORMULATION OF WAVEGUIDE =1

JUNCTION hz (.’L’, y) _ Z ijrys (3)
The off-centered waveguide junction is depicted in Fig. 1(a), i=l1

and the geometry of thick off-centered iris in waveguide, whicvhere the definitions of functiod(x, y), », ands have been

can be seen as two cascading junctions, is drawn in Fig. 1(@iven in [6].

The thickness of the iris is denotedf@ag he larger waveguide, By using QZ factorization for generalized eigenvalue prob-

represented by parametets, b1, v;, with Cartesian coordi- lems, both the lower-order and the higher-order modes in reg-

nates €1, y1, z1), is transversely offset from the smaller waveular waveguides have been determined accurately [5]. For ex-

guide whose parameters atg, bs, v» with Cartesian coordi- ample, the first 100 successive modes in an elliptical waveguide

nates £, yo, 22) such that with arbitrary eccentricity have been obtained and validated by
results from the analytical method. Once the longitudinal fields
x1 =r2 + Az (18) are known, the transverse modal fielefs (TE mode) anck®
y1 =y2 + Ay (1b) (TM mode) can be derived from the Maxwell equations.
P (1c) By following the standard mode-matching procedure in [7],

the scattering matrix of waveguide junction is obtained after
_ _ _ _ some manipulations
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(5] =2 (el + [MI" Al (M) (M 3] (8) T —
[S12] = [M] ([S22] + [{]) (6) o7 AN
[S1] =[M][S21] - [1] 7 os}
where o1 | —
_ [ K]
=il ®
Y; modal admittance matrix of thigh waveguide withi = oal
1, 2;
[1] identity matrix; o3
T transpose operation. o2 -

i
20 22 2 26 28 30
1{GHz)

Taken as two cascading waveguide junctions, the thick iris in
waveguides can be studied by the generalized scattering matrix
technique, where the formulation of the scattering matrix hgﬁ'
already been given in [7].

In (8), [H], [K], [@], and[F] represent the TE-TE, TE-TM,

2. Comparison of reflection coefficients against frequency obtained from
present method and the results in [@] = 1.0 cm, b, = 0.7 cm,a, =
0.4 cm,b; = 0.3 cm,Az = 0.3 cm, andAy = 0.2 cm).

TM-TE and TM-TM E-field mode-coupling coefficients and TR ; " = ——
they are evaluated respectively by the following integrals os} TP
Hr, :/el(ll)m 'el(lz)nds )
Sa
Konn = / eliym " €{2)ndS (10)
Sa
ann :/9?1)111 . e?Z)ndS (11)
S5
Eon :/e?l)m . e?z)nds (12) o , . ; ‘
s, ﬁsw&n: st 10 12 14 16
whereS, denotes the cross section of the smaller waveguide. @

Evaluating the integrals in (9)—(12) accurately and efficiently
is the key step in efficient CAD of waveguide junctions. In liter-
ature, analytical expressions of above integrals are derived usu-
ally case by case and one—dimensional (1-D) numerical inte-
gral is still needed sometimes. In [1], we have proposed a uni- sor

fied mode-matching method to analyze concentric waveguide H

junctions, where the unified analytical expressions of all cases i

are used. Because the integrals is avgrthe transverse modal &

fields in the larger waveguide need to be expressed in coordi- =

nates of the smaller waveguide. This task becomes very easy oo

here, because only polynomials in Cartesian coordinate system T T ee o o

are involved in both waveguide modal field expressions in (2) TTefele o 9 o
and (3), and no special functions or other coordinates are used. A N “‘“

With (1a), (1b) and the following binomial theorem [8] ®)
n
n _ n_ i 0 n—i Fig. 3. Magnitudes and phases of scattering coefficients versus iris thickness
1 (xQ * Ax) Z C" *2 Az (132) from the present method and reference [L4] € by = 12.7 mm,as, = by =
7;0 9.5 mm,Az = 1.5 mm,Ay = 0, andf = 9 GHz).
g =+ A" =) ChLybAy™ T (13b) _ :
= are in the same coordinate system,(y2, z2) and the analyt-
where ical expressions are available [1].

. !
Ct = n: I1l. NUMERICAL EXAMPLES

R TE—T (14)

In this section, scattering parameters at several off-centered
the modal fields in larger waveguide are transformed to coataveguide junctions are calculated and compared with the re-
dinates £2, y2, 22). Now, field expressions in both waveguidesults of other approaches to show the accuracy of the present
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guide is WR75 withz; = 0.375" andb; = 0.1785", the radius

of the circular waveguide is; = b, = 0.75", and the offset dis-
tances are\z = —0.125" and Ay = 0.001 25". The behavior

of |S11| in dB is given in Fig. 4. Again, a good agreement is
observed. In the all three examples, the number of polynomials
used is 150.

IV. CONCLUSION

In this paper, using the binomial theorem, the unified and
efficient mode-matching method in [1] is extended to off-cen-
tered waveguide junctions. Comparisons with results from other
methods show the accuracy of and make a further validation
to the present method. The unified analytical expressions of
coupling coefficients make the present method high numerical

Fig. 4. Reflection coefficients in dB of the circular-to-rectangular waveguidg
junction with offset from the present method and reference [A3} 0.375",
by = 0.1785", ag = by = 0.75", Aw = —0.125", andAy = 0.001 25").

fficient in the rigorous analysis of the investigated junctions.
Besides the advantages of accuracy, efficiency, and flexibility,

which have been shown in [1], the capability of straightforward

method. The first example is the off-centered elliptical wavesxtension to nonconcentric cases can be considered as another

guide junction. In [9], trigonometric and Bessel function exparadvantage of the present method.

sions were used to express the modal fields in elliptical waveg-
uides and the 1-D contour integrals, which were transformed
from surface integrals in (9)—(12) using first Green'’s identity, 1]
were numerically evaluated. The parameters of the waveguide
junction area; = 1.0 cm,b; = 0.7 cm,as = 0.4 cm, by = 2l
0.3 cm, Az = 0.3 cm, andAy = 0.2 cm. The comparison of
the reflection coefficients as a function of frequency is given in
Fig. 2. From the figure, it can be seen that two results agree verysl
well in the whole frequency range.

The second example is the thick off-centered circular iris [4]
in circular waveguides. This structure has been investigated in
[10] and [11]. In [10], the conservation of complex power tech- 15)
niqgue (CCPT) was used to derive the analytical solutions and
the cutoff iris-waveguide assumption was made. In [11], thel[®]
least-squares boundary residual method (LSBRM) was applied
to eliminate above assumption, thus the operating frequency

REFERENCES

S. L. Lin, L. W. Li, T. S. Yeo, and M. S. Leong, “A novel unified mode-
matching analysis of the concentric waveguide junctionsProt. IEEE
Microwave Antennas Propagatubmitted for publication.

——, “Analysis of hollow conducting waveguides using superquadric
functions-A unified representation/JEEE Trans. Microwave Theory
Tech, vol. 48, pp. 876—880, May 2000.

——, “Analysis of metallic waveguides of a large class of cross-sections
using polynomial approximation and superquadric functionEEE
Trans. Microwave Theory Teghvol. 49, pp. 1136-1139, June 2001.
——, “Cutoff wavenumbers in truncated waveguidé&EE Microwave
Wireless Components Letol. 11, pp. 214-216, May 2001.

——, “QZ factorization for generalized eigenvalues applied to wave-
guide analysis,Microwave Opt. Tech. Leftvol. 28, pp. 361-364, Mar.
2001.

B. K. Wang, K. Y. Lam, M. S. Leong, and P. S. Kooi, “Elliptical
waveguide analysis using improved polynomial approximation,” in
Proc. IEEE Microwave Antennas Propagatol. 141, Dec. 1994, pp.
483-488.

range was extended. Like in [11]’ there is no such an assumpL7] J. D. Wade and R. H. MacPhie, “SCattering at CirCUIar'tO'reCtangUIar

tion in the present method. The radius of the circular waveguide
isa; = by = 12.7 mm and the radius of the circular iris is [8]
as = by = 9.5 mm. The eccentric distance at®xr = 1.5 mm o]
andAy = 0. The magnitudes and phases of reflection and trans-
mission coefficients are plotted as a function of iris thickness in
Figs. 3(a) and (b), respectively. For magnitude and phase, tH¢0]
results predicated by the present method agree favorably with
those from LSBRM. [11]
The last example is the off-centered circular-to-rectangular
waveguide junction. This problem has been treated in [12] ang2
[13]. The cylindrical Bessel-Fourier modal fields of the circular
waveguide were transformed into a finite series of exponentigl ]
plane wave functions in [13] to obtain the analytical finite serie
solutions of the coupling coefficients. The rectangular wave-

waveguide junctions,TEEE Trans. Microwave Theory Teghol. 34,

pp. 1085-1091, Nov. 1986.

K. Max, Handbook of Applied Mathematics for Engineers and Scien-
tists  New York: McGraw-Hill, 1991.

P. Matras, R. Bunger, and F. Arndt, “Mode scattering matrix of the gen-
eral step discontinuity in elliptical waveguidet£EE Trans. Microwave
Theory Tech.vol. 45, pp. 453-457, Mar. 1997.

Z. Shen and R. H. MacPhie, “Scattering by a thick off-centered circular
iris in circular waveguide,IEEE Trans. Microwave Theory Teclvol.

43, pp. 2639-2642, Nov. 1995.

S.P.Yeoand S. G. Teo, “Thick eccentric circular iris in circular wave-
guide,” IEEE Trans. Microwave Theory Teghol. 46, pp. 1177-1180,
Aug. 1998.

] R. Keller and F. Arndt, “Rigorous modal analysis of the asymmetric

rectangular iris in circular waveguidesEEE Microwave Guided Wave
Lett, vol. 3, pp. 185-187, June 1993.

R. H. MacPhie and K. L. Wu, “Scattering at the junction of a rectangular
waveguide and a larger circular waveguiddEEE Trans. Microwave
Theory Tech.vol. 43, pp. 2041-2045, Sept. 1995.



	MTT023
	Return to Contents


