Proceedings of APMC2001, Taipei, Taiwan, R.O.C.

Analysis of stripline right-angle bend with slantwise corner cut
based on Foster-type equivalent network and exact calculation of eigenmode
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Stripline right-angle bend with slantwise corner cut is an important component for microwave circuit. Especially,
analytical determination of the exact optimum cut is important for computer aided design of microwave circuit.
Equivalent network for this structure is given by Foster-type network based on mode theory and can be used for
analysis of practical bend characteristics. The key step for this analysis is how exactly to calculate eigenmode of the
planar junction up to necessary number. Therefore, we propose a new method using three stage cascade-connected
stripline configuration and magnetic wall symmetry. In this paper, we explain the above method in detail and calcu-
late the eigenmode for various cut parameters. Finally, frequency characteristics of the right-angle bend with slant-
wise corner cut are calculated for various cut parameters, resulted in the determination of the optifrlum cut.

Planar waveguide

1. Introduction

Stripline right-angle bend with slantwise corner cut shown in
Fig.1(a) is an important component for microwave circuit [!l. Es-
pecially, analytical determination of the exact optimum cut is im-
portant for computer aided design of microwave circuit. Equiva-
lent network for this 2-dimensional structure is given by Foster
type network as shown in Fig.1(b) based on mode theory®! and
can be used for analysis of practical bend characteristics. The key
step for this analysis is how exactly to calculate eigenmode of the planar watvgeguide %planar junction% planar éwa;/eguide
planar junction § in Fig.1(a) up to necessary number. Therefore, 24l : : 2 b
we propose a new method using three stage cascade-connected
stripline configuration as shown in Fig.3(b) and magnetic wall
symmetry. In this paper, we explain the above method in detail
and calculate the eigenmode for various cut parameters (=c/a in

Fig.2). Finally, frequency characteristics of the right-angle bend
with slantwise corner cut are calculated for various cut param-

eters, and the optimum cut is discussed and roughly determined.

2. Equivalent network based on mode theory
We assume the structure can be modelled by 2D planar circuit
with magnetic side wall. Then, right-angle bend structure is di-
. vided into waveguide and junction, whose equivalent network is
given by Foster-type network as shown in Fig.1(b) or vector rep-
resentation in Fig.1(c) consisting of multi-transmission line for
waveguide, infinite number of resonators for planar junction and
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Table 1 Eigenmode system for waveguide
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ideal transformer for coupling between waveguide
mode and resonator mode n/,. Eigenmode for
waveguide and its network parameters are summarized
in Table 1 and eigenmode for planar junction in Table
2. From these tables, network parameters of n-th mode
resonator and ideal transformer ratio between n-th mode
resonator in the planar junction and g-th mode in the j-
th waveguide are given by egs.(1).
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3. Calculation of eigenmode in planar junction
In order to calculate 2D eigenmode for planar
Jjunction shown in Fig.2 (where two cases A and B are
considered), we propose following new method. When
two identical planar junctions of square shape with
slantwise corner cut are connected back to back as
shown in Fig.3(a) (X-X’ for case A, Y-Y’ for case B),
then whole structure can be understood as three stage
cascade connected stripline as in Fig.3(b), whose
equivalent network is exactly given by alternative con-
nection of multi-transmission line and multi-port ideal
transformer as shown in Fig.4. When input mode ad-
mittance matrix 72 at port2 of waveguide #3 is given
by this equivalent network, mode current column ma-
trix at port (3,2) is given by mode voltage column
matrix at the same port by eq.(2)
70D 2 yoen _ %))
and must be zero because of magnetic wall(=open cir-
cuit) at port(3,2), which constitutes the eigenvalue
problem. Then, eigenvalue can be calculated by eq.(3).
def|7*?] =0 3)
The mode voltage column matrix at port (3,2) (2 can
be calculated as an eigenvector in eq.(2) with one arbi-
trary constant. Then mode voltage and mode current
column matrix at each port can be calculated by the
equivalent network in Fig.4, which, in turn, gives field
distribution of the corresponding mode. Using the nor-
malization defined in Table 2, one arbitrary constant
mentioned above is uniquely determined. Thus,
eigenmodes up to necessary higher mode are calculated.
Essential problem in this method is how many width
mode at each waveguide must be taken into consider-
ation. As a typical example, convergence behavior of
eigenvalue with width mode of waveguide 1 in Fig.4
is calculated in Fig.5 for ¢/a=0.4 and 8th mode(n=8),
which demonstrates fast convergence with width-mode
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Fig.2 Two cases of stripline right-angle bend
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Fig.3 New method for eigenmode calculation
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Fig.4 Equivalent network of 3 stage configuration
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and 10 width modes for sufficient convergence. Therefore, through our calculation 30 width modes are taken
into consideration for sure convergence. Eigenvalue for square shape with slantwise corner cut is calculated up to
ka=20 for various cut parameter and shown in Fig.6 as a function of cut parameter. How to derive the corre-
sponding field distribution of eigenmode is explained Fig.7. It is interesting that 3-stage eigenmodes with
magnetic wall symmetry about X-X" and Y-Y’ gives eigenmode for ci/a<1(case A) and c/a=2-ci/a >1(case B) at
the same time as shown by case (d) in Fig.7.
4. Calculation of the frequency characteristics

Based on the above mode calculation, network parameters in Fig.1(b) are calculated from eqgs.(1). Then, the
frequency characteristics of the corner cutted right-angle bend for W=5.0[mm], &= 2.62 are calculated, based
on the network shown in Fig.1. The essential problem in these calculations is how many modes in the waveguide
and planar junction must be taken into consideration. It is already estimated®™ that up to 5th waveguide modes
and up to eigenvalue ka=20 planar junction modes are enough. Final calculated results of the frequency charac-
teristics for various cut parameters are shown in Fig.7(c). From this figure and Fig.8(a) (=detail about cut
parameter of 0.8~0.9) it turns out that the optimum cut parameter is about 0.86. Convergence behavior of
transmission with eigenmode in planar junction at 6.0GHz is shown in Fig.8(b), where abscissa corresponds
eigenvalue ka and all eigenmodes up to this value are taken into consideration (53 eigenmodes for ka=30). From
this figure accuracy in Fig.8(c), where modes up to ka=20 are considered, is estimated to be less than 102 dB.
5. Discussion and conclusion

By new mode calculation and Foster-type equivalent network, wide-band frequency characteristics of right-
angle bend with slantwise corner cut are calculated. Relative error of network parameter is estimated to be 10
3~10 for new method. However, accuracy of network parameters does not affect final character so much

because of wideband frequency characteristics of the structure itself.
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Transmission [dB]
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Fig.8(a) Detail of frequency characteristics
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Fig.8(b) Convergence behavior of transmission with

eigenmode in planar junction at 6.0GHz
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Fig.8(c) Frequency characteristics for right-angle bend with slantwise corner cut (W=a4=5.0 mm, £=2.62)
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