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ABSTRACT
A new generalized scattering matrix formulation is pre-

sented for the calculation of waveguide comers distoned by dis-
contintrities. The novel approach lies in the fact that the
introduction of shorting planes some distance away from the
actual discontinuity - as is common practise in analyses known
so far - is entirely avoided. Therefore, this method allows the
computation of components in which other structures are con-
nected as closely as possible to the waveguide comer. This fol-
lows directly from the rigorous incorporation of higher-order
mode interactions. Previously, only fundamental-mode scatter-
ing parameters could be calculated and, therefore, connected
components had to be far enough away from the waveguide
comer in order to avoid interference of reactive fields.

Consequently, the theory presented in this paper will,
first, allow the calculation and design of more complex
waveguide components and, secondly, contribute to a more effi-
cient use of component space. At the examples of 90- and 180-
degr-ee waveguide bends, the theoretical model is compared
with measurements and a finite-element analysis. Results are
found to be in good agreement.

I. INTRODUCTION

Waveguide comers [1] and T-junctions [2] form integral
parts in the design and realization of waveguide components
and systems, e.g. [3]. In order to fully incorporate the elecrncal
properties of such structures in a computer-aided design rou-
tine, their generalized scattering matrix must be known. This
allows to account for higher-order mode interactions with con-
nected components [2, 3]. For the waveguide comer, a resona-
tor model based on mode-matching techniques [1] is applicable
as long as the so-called resonator region can be represented by
well-known rectangular cavity functions. This method can also
be used to simulate low-return-loss mitered comers by reducing
the actual resonator region in size and adding matching discon-
tinuities outside the resonator region, i.e., in the connected
waveguide arms [4]. However, such an approach increases the
distance between the comer and following circuitry and, there-
fore, is often undesirable for its additional space requirements.

Alternatively, discontinuities can be placed directly into
the resonator region in order to obtain lower return loss of the
comer (Fig. 1). However, the eigenfunctions of the resonator
region are not known in such a case, One approach to model a
resonator region with built-in discontinuities is to computation-
ally conduct resonator experiments by placing shorts some dis-
tance away from the actual waveguide comer [5, 6]. However,

the resulting overall scattering parameters show nonlinear
dependence on the matrices obtained by the resonator experi-
ments (e.g., input reflection coefficient matrices). Consequently,
only the fundamental-mode scattering matrix of the entire
waveguide corner (or T-junction) can be extracted (cf. [4],
“These [shorting] planes are located far enough so as not to per-
turb the reactive fields in the proximity of the discontinuity.”) In
other words, if following circuitry is connected at a smaller dis-
tance, i.e. higher-order modes interact, then the analysis is
invalid.

Therefore, this paper presents a technique which allows
the entire generalized or modal scattering matrix of a disconti-
nuity-distorted waveguide comer to be calculated without any
restrictions for components connected to the corner. The tech-
nique is based on the rigorous field-theory treatment of the dis-
continuities within the resonator region and the complete
matching conditions at the corner interfaces.
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w Comer in rectangular waveguidewithdiscontinuitiesin thereso-
natorn:gion.

II. THEORY

Fig. 2 shows the division of the N-1 stepped waveguide
comer into N subregions with respect to z- (subregions IIIal,..J
as well as y- (subregions IIIbl,.N) directions. In regions
i E [I, IIIa] , the electromagnetic field is given by
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with well-known immittanceS ZiEq,Mp,YiEq,Mp,wavenumbers

kizEq,Mp,wave amplitudes A’Eq,Mp,B’Eq,Mpand cross-section
functions

T:q(x> Y) = *~nCos[:(x-xoi)l
m

[Cos ; (y –yoi) 1
“ ‘k%‘(3)

T~p(x>Y) = D~n‘in[:(x-xdinwy-yoi)l‘4)

(For details, the reader is referred to [3].) Note that TE (index q)
and TM (index p) modes are ordered with respect to sequences
(m,n) of increasing cutoff frequencies. The expressions in
regions i E [II, IIIb] are similar once the shift in coordinates
and the change in propagation directions are incorporated.

As shown in Fig. 2, the electric fields within the subre-
gions IIIal..,N and IIIbl..N are matched, first, by assuming elec-
tric walls at the respective other port. The fields within the
subregions can then be represented as

IIIan IIIan IIIal IIIal ,,N
E ,H = f(.A ,Si ~ ) (5)

II1bn IIIb IIIbN

E
lllbN...l

,H ‘=f(A >Sik ) (6)

where vectors A hold the amplitude coefficients of the two sub-
regions (IHal and IU%), which directly interface with the
waveguide ports I and II, and Sik (i,k=l ,2) are the generalized
two-port scattering matrices of the individual discontinuities
within the comer region. The expressions (3) and (4) can now
be used to satisfy the matching conditions at the two cross-sec-
tions interfacing the comer region III with waveguide port I at
2=()

, IIIa.
E; Y= EXY’ (7)
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H:, = H:;’+ ; H:} (8)

n=l

and with waveguide port II at y=bN

(9)

With matching conditions (7) and (9), wave amplitudes
~rrra’, ~lllbN (cf. (5), (6)) can be expressed by ~1, ~1, An and
B1l which are finally rearranged in (6) and (8) to form the gen-—>
eralized scattering matrix of the waveguide comer of Fig. 1.

::

I
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B:q

B:

(11)

With 25 modes and a five-step approximation of the miter, the
calculation of the entire generalized scattering matrix takes
about one minute per frequency point on a IBM RISC 6000/530
workstation.
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III. RESULTS

A convergenceanalysis of an E-plane comer assuming a
staircase approximation of the mitered structure of [7] is pre-
sented in Figs. 3. Good agreement with the results of [7] is
obtained for 12 steps. A similar investigation regarding the
number of modes for a constant number of steps reveals that the
consideration of 20 to 25 modes in the theoretical model is suf-
ficient. Fig. 3a shows the results for a TEIO-mode (lE-plane)
excitation. The resonance effect around 9 GHz is frequently
encountered (and measured) in E-plane square waveguide
applications to appezr slightly below TEl 1- mode cutoff, e.g.
[8].

For the H-plane (TElo-mode excitation) in Fig. 3b, such
resonances do not occur due to the vanishing electric field tart-
gential to the miter boundary. However, this case requires a
higher number of modes (up to 35) to satisfy this boundary con-
dition and, additionally, more steps (e.g. 15) to approximate the
plane miter used in [7]. The differences in this figure between
our results and those presented in [7] can clearly be attributed to
this fact since the stepped comer will always exhibit a higher
frequency dependence than the plane miter.

As pointed out in [7], a change in the miter dimension
enables also the H-plane return loss to peak within the funda-
mental-mode frequency range of the two orthogonal polariza-
tions. This is demonstrated in Fig. 4, showing again good
agreement with the data provided in [7].

The advantage of this model, which calculates the gen-
eralized or modal scattering matrix of the discontinuity-per-
turbed waveguide comer instead of only its fundamental-mode
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parameters, becomes obvious when other components are con-
nected to the structure in Fig, 1. Such an example is, for
instance, the 180-degree bend shown in Fig. 5. Since the inter-
actions of higher-order modes between the two 90-degree cor-
ners are rigorously taken into account, good agreement with the
finite-element analysis [3] is obtained.

IV. CONCLUSION

A new generalized scattering matrix formulation of
waveguide corners distorted by discontinuities is presented.
Since the discontinuities in the resonator region are rigorously
taken into account and their influences are transformed to the in-
terfaces with the connected rectangular waveguides, the gener-
alized scattering matrix - as opposed to hitherto known
fundamental-mode parameters - of such structures can be calcu-
lated. The validity of this approach is demonstrated by compar-
ison with measurements and a finite-element analysis at the
examples of 90- and 180-degree waveguide bends.
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