TECHNICAL NOTE

COPING WITH HIDDEN
SPURIOUS HARMONIC
MODES IN THE DESIGN

OF Low PAss CORRUGATED
WAVEGUIDE FILTERS

Hidden spurious harmonic modes in corrugated waveguide filters are

investigated from both theoretical and practical points of view. It has been found

that multiple mode couplings occurring at more than one place in a filter system

cause the hidden spurious modes. An effective simulation scheme is introduced

here to predict the hidden spurious modes based on a logical and methodical

shysical interpretation. The theoretical mechanism and proposed simulation
phy. "7

scheme are both validated through a direct measurement and

full-wave electromagnetic simulation.

low pass corrugated waveguide filter is

one of the (Id“l(.ll and \‘\Id{‘l\ used fil-

ter structures in prac ‘tical (I('Sl;\ll\ be-
cause of its well developed design procedures,
high power handling (_r.lpcll)l]lf\ and a wide,
]115_.]1 attenuation stop-band for power propa-
gating in the dominant TE, mode.! The filter
is often used to I'('j(f[..‘t the second harmonic
mode since there is no mode coupling be-
tween the TE, and TE;;, modes in its sym-
metric structure. This scenario is true when
the filter is used in a simple microwave front-
end setup, where there is no mechanism for
mode {.'mlpling prior to and after the filter.
However, it has been found in practice that
when a low pass corrugated waveguide filter is
"S('[] itl d (_‘IHHI)I('_\ “11(.'1‘(]\\’&[\"2' 5’\_3"(']", S]l(.']] as
a waveguide multiplexer system for satellite
communications, the splll'imls second har-
monic mode will appear in the supposed at-
tenuation band. Since the spurious mode is of-
ten concealed in the conventional filter design
process and measurement at the dosiun stage,
this plight may cause serious system inte if( -
ence pmhk’nn if the hidden spurious mode
occurs in the required stop-band.

In this article, the cause of the hidden spu-
rious mode is revealed from a theoretical
point of view. An effective simulation scheme
is proposed to predict the frequency band lo-
cation and the level of the hidden spurious
mode, The simulation scheme is validated by
experiments. Although the mode-matching
technique is used to illustrate a design exam-
p]e t]]f_’ 1)] U[)(}N(_‘(l ‘\]Tl]lll(ltlf)" sC ]1(']"(‘ s L\l‘ﬂ('r
ic and can be used with any CAD tools. Con-
sidering the fact that the hidden spurious
mode in low pass corrugated waveguide filters
has never been reported in the open litera-
ture, this work could be significantly useful for
ti{‘HlLII(‘I\ to take cautionary measures in using
this type of waveguide filter in complex mi-
crowave sy stems.

[Continued on page 182]

Ke-L1 Wu

The Chinese University of Hong Kong
Dept. of Electronic Engineering
Hong Kong

GORDON McDONALD

COM DEYV International

Cambridge, Ontario, Canada

MICROWAVE JOURNAL = NOVEMBER 2001




B 1ECHNICAL NOTE

FILTER

INPUT output

O —
SYMMETRIC MODES :
ASYMMETRIC MODES

>

A Fig. 1 A corrugated waveguide filter
without coupling between symmetric
and asymmetric modes.

HIDDEN SPURIOUS MODES

As illustrated in Figure 1, in a sym-
metric corrugated wav egmde filter,
symmetric modes such as TE;, mode
do not couple with asymmetric modes
such as the TE,; mode. The two
groups of mode propagate down the
filter without interference. This is the
basic principle in designing the low
pass filter: to have high attenuation
over a particular frequency band for
power propagating in the TE;, mode
and offer little or no attenuation to the
TEy, mode. Since there is no coupling
between the TE;; and the TE,,
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A Fig. 2 The simulated (8 to 40 GHz)

and measured (8 to 26 GHz) S-parameters of
a typical Ku-band low pass corrugated
waveguide filter.

modes, a very clean second harmonic
rejection band is created. This charac-
teristic is demonstrated in Ft'gure 2.
in which a typical L(Jrru;g,dted wave-
guide filter of Ku-band is simulated
from 8 to 40 GHz and measured from
8 to 26 GHz. No spurious second har-
monic mode can be found in the fre-
quency band of 14 to 26 GHz in the
results of both simulation and mea-
surement. The same response can also
be observed if one end of the filter is
connected with an H—p];ul(‘ bend.
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A Fig. 3 The multiple mode couplings in a corrugated waveguide filter with asymmetric

discontinuities at the input and output ports.

The response will be significantly’
changed when the filter is measured
in a f:mnplux microwave system
where asymmetric junctions are con-
nected to each end of the filter be-
cause of multiple mode couplings.
The input power in the TE,; mode
will be coupled into the TE, mode
by an asymmetric discontinuity at the |
mput port. The power in the TEy,
and TE,, modes propagate indepen-
dently in the filter. If there is no
dsnnmetm, discontinuity at the out-
put port of the filter or within the fil
ter, the measured relt ction response
for the TE;( mode will be the same
as that of an isolated filter. However,
if there is an asymmetric discontinu-
ity, such as an H-bend at the output
end of the filter, the power in the
TE5; mode will be partially coupled
to the TE;, mode. When the second
mode coupling occurs, the second
harmonic mode will appear in the
frequency band in which the power
in the TE,n mode has been sup-
ple“ed This physical interpretation
is illustrated in Figure 3.
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A Fig. 4 The simulated and mea.uumi
magnitude of S5 of the corrugated
waceguide filter with H-plane bends

at the input and output ports,
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SIMULATION SCHEME
AND VERIFICATION

Having understood the mecha-
nism of the hidden spurions harmon-
ic modes, the following simulation
scheme can be proposed to predic
the spurious modes. In the simula-
tion, two asymmetric junctions must
be added to the filter simulation
model, one at each end of the filter to
excite the multiple mode couplings
The junctions can simply be asym-
metric junction offsets, if the attenua-
tion band is of interest, or H-plane
waveguide bends designed for the
pass-band, if both the pass-band and
attenuation bands are of interest.

To wrif}' the theoretical interpreta-
tion and proposed simulation scheme,
the original filter is simulated and
measured again with H-plane wave-
guide bends at each end of the filter
A full-wave modal analysis for the H-
plane waveguide bends is used in the
simulation.? A measurement was car-
ried out over a wide frequency band
from 8 to 40 GHz. In order to ensure
the measured signal is the TE
mode, the wide frequency band is di-
vided into four sub-frequency bands,
nmmzly. 8 to 15 GHz, 15 to 158 GHz,
18 to 26 GHz and 26 to 40 GHz. The
WRT5 waveguide used for the filter is
connected to the dominant mode
waveguide corresponding to each sub-
frequency band through waveguide
tapers. The transmission loss of the
simulated and the measured results
are superimposed in Figure 4. Even
though the noise floor in the 8§ to 15
GHz band is approximately —-65 dB
and the remainder of the frequency
range is :ippl'nxilllalfl‘l}' —80 dB, the
correlation between the simulated

and the measured data is excellent. It can be observed tha
the second harmonic mode is excited both in the measure
ment setup and in the computer simulation, and can b
predicted accurately if an appropriate electromagnetic
model is used. In this study, an in-house mode-matching
program was used for the simulation and optimization de- |
sign of the filter.

CONCLUSION

The hidden spurious harmonic modes in a corrugated
rectangular waveguide filter are reported and investigated
from both a theoretical point of view and practical mes-
surements. It has been shown that multiple mode cou-
plings occurring at more than one different location in 4
filter system cause the spurious harmonic modes. An ef:
fective simulation scheme for predicting the spurious
modes is proposed and verified experimentally through
measurements. It has been shown that the hidden spuri-|
ous mode can be accurately predicted through an appro:
priate electromagnetic simulation by introducing more
than one asymmetric junction in a filter system.

The theoretical interpretation and the simulation scheme
are also applicable to other types of symmetrical waveguide
filters in which the unwanted asymmetric harmonies can
propagate through the filter. To suppress the spurious see-
ond harmonic mode one can use asymmetric filter strue-
tures and maximize the attenuation band with intensive op-
timization, or use ridged waveguide filters, in which the sec-
ond harmonic mode cannot propagate through the filter. B
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