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Finally, transferring the impedance through the entire
network gives a final relationship
Zn Z

—Z—O = 70 (34)

showing that the networks are identical apart from an over-
all scaling factor.
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Tapered Corrugated Waveguide Low-Pass Filters

RALPH LEVY

Abstract—Several new synthesis techniques are described for
the design of tapered corrugated waveguide low-pass filters. Pre-
vious techniques are based on image-parameter methods which are
both nonoptimum and difficult to apply to new specifications. The
new synthesis methods give filters which can be constructed to work
directly from dimensions generated by a computer. The impedance
tapering implies that the terminating impedance transformers used
in the image-parameter designs may be either eliminated or reduced
in length.

INTRODUCTION

KQ x Y AVEGUIDE low-pass filters are used in numerous
systems, frequently for rejection of spurious har-
monics from transmitters. Corrugated waveguide
or waffle-iron filters introduced by Cohn [1] are most com-
monly used for this purpose. The first design methods'de-
scribed in the literature [2] are based on image parameters
rather than modern circuit theory, and involve rather compli-
cated procedures requiring empirical adjustments to experi-
mental filters before a satisfactory final design is achieved.
Later methods using synthesis techniques have been de-
scribed very briefly [3] and appear as patents [4], [5]. This
paper gives a more complete account of synthesis techniques,

including some not reported in the earlier publications.
The major advantages of the synthesis techniques are

as follows.

1) The filters may be constructed directly from dimen-
sions printed out by a computer program and work immedi-
ately with no major experimental adjustments. In common
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with other types of waveguide filters, minor tuning adjust-
ments may be required to compensate for mechanical toler-
ances, especially in small waveguide sizes.

2) The synthesis technique incorporates impedance
tapering, so that terminating impedance transformers re-
quired in previous designs [2] may be shorter in length, or
even completely eliminated. This can result in a length reduc-
tion by as much as 3 to 1.

3) The cutoff frequency is predicted exactly, and the
VSWR is good in a specified frequency band extending to the
cutoff. Hence high attenuation may be specified close to the
cutoff frequency f,, typically 20 dB at 1.05f,, or 60 dB at 1.15f,.

4) The stopband performance is predicted.

5) Tradeoffs may be made between stop bandwidth, pass-
band insertion loss, and power handling capability.

Several different synthesis techniques have been formu-
lated, but they may be classified in three main categories, as
follows.

1) Tapered corrugated capacitive iris filters designed
using the distributed low-pass prototype filter [6].

2) Direct realization of a tapered corrugated filter de-
signed using a cascade of unit elements similar to [6], but with
a Zolotarev response.

3) A mixed lumped and distributed synthesis using the
“half-stub” prototype [7].

The first two methods have been found more generally
useful than the third. They are more dissimilar than indicated
above, as the detailed description will demonstrate.

A schematic view of the tapered corrugated filter is shown
in Fig. 1. The early corrugated filters were periodic structures,
but the new designs result in aperiodic structures where the
dimensions of the various capacitive and inductive regions



LEVY: TAPERED CORRUGATED LOW-PASS FILTERS

I PR B 1
T S e e S0 DS R 8

Fig. 1.

Tapered corrugated waveguide filter.

vary considerably within the filter. The filter is uniform in the
broad dimension, although longitudinal slots could be incor-
porated as in a waffle-iron filter. The slots complicate the de-
sign both theoretically and mechanically, and may be avoided
in many applications.

STOPBAND CHARACTERISTICS

The insertion loss of a waveguide low-pass filter, assuming
Hio-mode propagation, is shown in Fig. 2(a). The low-pass
filter is actually a bandpass filter in the sense that it will not
propagate below a cutoff frequency fe, (the filter is low pass if
plotted with an electrical length or reciprocal guide wave-
length abscissa). The cutoff frequency of the filter is fo, and
the useful stopband extends from fz, through fy,. The har-
monic passband above fy, is located approximately at a fre-
quency where the length of a majority of the inductive cav-
ities become one half of a guide wavelength.

Modes having an electric-field variation in the narrow
dimension cannot propagate below a very high cutoff fre-
quency if the narrow dimension is small, and usually only
modes of type H,o need to be considered in predicting the
location of spurious resonances in the filter. Since the filter is
uniform across the broad dimension, the characteristics of the
filter may be calculated exactly by locating electric walls at
the nodal planes of the electric field, dividing the waveguide
into n waveguides in the case of an H,, mode. The perfor-
mance of the filter in the H,, mode is identical to the perfor-
mance of one such waveguide of broad dimension a/#, connect-
ed to terminating waveguides of the same reduced dimension.
Inspection of formulas for the equivalent circuit parameters
of a thick capacitive iris shows that these parameters are
dependent on the values of A, and, b, but not on the broad
dimension a¢. Hence the filter will have the same performance
in the H,o mode as in the Hyp mode if both characteristics are
plotted on a guide wavelength scale. On a frequency scale,
the characteristic of the filter in the H,o mode is shifted up-
wards in frequency, as indicated in Fig. 2(b). The cutoff fre-
quency of the H,o mode is

Jon = nfe,. (n

The guide Wavelength A, at free-space wavelength A; for
the dominant mode is given by

1 1 1 o
PR

where A, = 2¢ is the cutoff wavelength. In the H,o mode, this
guide wavelength is realized at free-space wavelength A,
given by

1 1 n?

= (3)
A Al

This leads to the following expression relating a frequency f;
in the H;p mode to a corresponding frequency f, in the Hy,o
mode, namely

fo= V2 + (n2 — Df.? (4)
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Fig. 2. (a) Insertion loss of filter to the dominant

Hj mode. (b) Insertion loss to an H,g mode.

TABLE 1
HARMONIC BANDS AND LOCATION OF SPIKES IN A WR 137 FILTER

n 2™ Harmonic band Mi
- (GHz) (GHz) .
1 5.9 - 6.4

2 11.8 - 12.8 8.6 -~ 10.9

3 17,7 - 19.2 12.9 - 14.6

4 23.6 - 25.6 17.2 -~ 18.5

5 21.5 - 22.5

6 25.8 =~ 26.7

This formula makes the prediction of the spurious responses
in the corrugated filter a relatively simple matter. Spurious
responses due to an H,y mode will be located between fre-
quencies f., and f,, where f., is the appropriate cutoff fre-
quency given by (1) and f, is calculated from (4), fi being a
frequency above fg where the dominant-mode attenuation
is a few decibels. It need not be higher since, in practice, it is
difficult to propagate the H,, modes with low attenuation
because most of the wave propagation will take place in the
dominant mode. The effective attenuation of the filter in
regions where H,o modes can propagate is high, and in prac-
tice only a few very narrow spurious responses or “spikes”
occur which are rarely lower in attenuation than 30 dB. These
spikes may be enhanced if the filter is misaligned at the input
and output flanges, but are typically 40-50 dB in a well-
aligned filter. Spike enhancement also occurs if tuning screws
with considerable screw penetration are used.

As an example, consider the design of a filter for the 5.9~
6.4 GHz common carrier band in WR 137 (internal dimensions
1.372%0.622 in). The filter is to present high attenuation to
the second, third, and fourth harmonics. Assuming that a
suitable corrugated filter can be designed and has some attenu-
ation at 8 GHz, then the spikes of low attenuation in the sev-
eral H,, modes may occur in the frequency bands listed in
Table 1. It is seen that the second- and fourth-harmonic bands
will be completely free of spikes, but a region extending from
17.7 to 18.5 GHz in the third-harmonic band can propagate
spikes in the H,o mode. In practice, it has been found that the
even-ordered modes (Ha, Huo, etc.) are propagated far less
readily than the odd-ordered modes, which is to be expected
from symmetry considerations, so that the spikes are likely
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to be attenuated by 50 dB or more. They may be reduced
further by cascading two corrugated filters with spike bands
which are interlaced, by introducing a mode filter, by tapering
the broad dimension of the filter, or by cutting longitudinal
slots in the central uniform region of the filter to form a
waffe-iron section. However, as stated, these options compli-
cate the filter and will be unnecessary in most instances.

SYNTHESIS TECHNIQUES
Method 1—Tapered Corrugated Capagitive Iris Filters

A very simple type of harmonic rejection filter is a cascade
of thick capacitive irises closely spaced in a uniform wave-
guide, as shown in Fig. 3. The irises are spaced by lengths of
waveguide less than A,/4 at cutoff, typically A,;/8. The design
of this filter is given in [3], [4] and will not be repeated here.
It is a special case of a more general class of filters where the
waveguide narrow dimension is tapered (in a stepped fashion),
as shown in Fig. 1. Since the waveguide narrow dimension is
mainly of uniform and full height in Fig. 3, the filter looks like
an inductive-iris filter in the Ho mode, where the electric field
is parallel to the broad dimension of the waveguide. This filter
will tend to propagate in this mode at a relatively low fre-
quency usually somewhat lower than three times the primary
cutoff frequency of the filter, limiting its use to filters for
second- and possibly third-harmonic rejection. It is a very
convenient filter for improving the stopband of an inductive-
iris bandpass filter, since it may be added with minimal pen-
alty in terms of overall length or cost. An example is given in
[3, fig. 2].

The basic design approach for the general tapered corru-
gated filter is given in [8]. In fact, the waveguide filter may
be designed similarly to the coaxial TEM-mode filter [8]. The
difference between the two cases lies in the vastly different
requirements for the impedance levels in the filter. In the case
of the coaxial low-pass filter, the impedances of the internal
inductive regions may be, and generally are, much higher
than the terminating impedances. In the waveguide case, it is
essential that the impedance of the inductive regions be less
than that of the terminating impedances, since the waveguide
height in the central region of the filter must be small. This
imposes certain limitations on the type of prototypes which
will result in satisfactory corrugated filters, unless auxiliary
impedance transformers are used, as in the image-parameter
designs [2].

A simple method of controlling the internal impedance
level is by using the generalized distributed low-pass proto-
type filter [8] shown in Fig. 4. The particular prototype used
is a generalization of that described in [6] or in [2, fig.
9.02-1], where the inverter impedances are determined by the
values of the junction VSWR’s of the ordinary distributed
low-pass prototype. In the corrugated filter, each impedance
inverter is realized as a thick capacitive iris with short sec-
tions of waveguide on each side, as shown in Fig. 5. The vari-
ous procedures in the design exactly parallel those given in
[8] for the design of the coaxial low-pass filter. Hence fringing
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Fig. 5. Impedance inverter formed by a thick capacitive iris.

capacitances and proximity effects are automatically com-
pensated, and the final device should demonstrate good
agreement between measured results and the theory.

A typical set of results for a WR 90 filter is shown in Fig. 6.
It consists of 11 inductive cavities and is based on a prototype
defined by N=11, VSWR=1.02, and BW=0.5 [6]. The
length of this filter is 2.435 in, representing a considerable
savings in length over a nontapered design which requires
impedance transformers at each end.

The theoretical VSWR of the filter in Fig. 6 deviates con-
siderably from the 1.02 VSWR ripple level of the prototype.
The deviation is due to the frequency variation of the capaci-
tive impedance inverters. There is also some (smaller) deteri-
oration due to the arbitrary impedance tapering, which should
not be too steep for optimum results. There is an infinite
number of different designs for a given prototype, obtained
by varying the taper and the thickness of the capacitive irises.
A few trial designs may be required to obtain the best per-
formance, preferably having large capacitive gaps giving opti-
mum power capability and tolerance sensitivity.

The agreement between theory and practice in Fig. 6 may
be improved by the addition of tuning screws. Almost exact
agreement between theory and practice is obtainable.

This method gives the shortest low-pass filter having a
stopband extending to approximately 3f,. A disadvantage is
that it is difficult to achieve extremely broad passbands be-
cause the VSWR deteriorates at the low end of the band. For
example, it is only just possible to design a tapered corrugated
filter by this method to pass the 8.2-12.4 GHz standard fre-
quency band for the WR 90 waveguide. However, broader
bandwidths for both pass- and stopbands are realizable using
the other methods to be described.

Method 2—Direct
Response

Unit-Element Realization with Zolotarev

This method is an almost direct realization in waveguide of
the distributed low-pass prototype filter, for which element
values corresponding to Chebyshev equiripple response are
given in [6]. However, the Chebyshev response is not opti-
mum unless the VSWR of a low-pass filter is required to be
good down to zero frequency, or to the waveguide cutoff fre-
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Fig. 6. Eleven-cavity tapered corrugated filter designed by Method 1.
TABLE II
-E- Unit ELEMENT IMMITTANCES FOR ZOLOTAREV DISTRIBUTED Low-Pass
- FILTERS FOR THE CASE N=2n+1=17, 0,=21.5°, VSWR =1.075
No. 2. | 1.938 (Cheb.) 5 6 7 8

1 2.22195 2.42347 | 2.58493 | 2.81394 | 3.09602
2 0.27630 0.28141 0.28901 0.30387 0.32748
"hl‘ ) 3 4.68851 5.06226 | 5.47622 | 6.23394 | 7.51116
o 8, 8, s -8, T 4 0.21506 0.23440 | 0.25913 | 0.31154 | 0.41031

g 2 5 5.,14018 5.77566 | 6.66985 | 8.72744 |13.3314
; . s . 6 0.20622 0.23581 | 0.28041 | 0.39400 | 0.67738

Fig. 7. Insertion loss of distributed low-pass filter with 20 e 12275 | 7.50152 |11.332908 | 22,2388

Zolotarev characteristics, used for Method 2. 7 5.25200 : : . :

8 0.20394 0.23984 | 0.29941 | 0.47058 | 0.99614

9 5.27580 6.23987 | 7.86229 |12.56986 |27.5234

quency in the case of a waveguide low-pass filter. Obviously,
this would rarely be, if ever, a requirement, and in practically
every case the Zolotarev (or Achieser—Zolotarev) response [9],
[10] would be superior. This filter has an insertion-loss func-
tion given by [10]

Py sin 8
— =14 h? Z01N2 (—'——*) )\) (5)
Pr sin @

where Zol represents a Zolotarev function and

sin 01
= (6)
sin 0.

0, defining the lower edge of the equiripple band, as shown in
Fig. 7. The Zolotarev function reduces to the Chebyshev func-

Nole: See (5)~(7) and Fig. 7 for parameter definitions,

tion of the first kind when

sin 01 ™
N=——"=sin—- (7

sin 02 2N
Tables of element values for these Zolotarev distributed
filters have not been published, but a sample set of values for
the case N=17, 6;=21.5°, and a ripple VSWR of 1.075 is
given in Table II. The first column for 6, =1.938° corresponds
to the unit-element immittances of the Chebyshev case given
by condition (7). As 6, increases, the immitance values all
increase in magnitude, so that if these values are proportional
to admittance, the internal admittance level is everywhere
higher, i.e., the waveguide heights are everywhere smaller.
Alternatively, for a given maximum value of the largest wave-



530
() =
-
t 2z 3 4 5 6 1 8 98
Stepped Corrugated Filter,
Transformer
Terminating Wavegusde i
Standard
Wavegquide
(b) =
ol
Fig. 8. Comparison between (a) Chebyshev filter and (b) Zolotarev

filter with &, ="7° (heights are to scale, lengths are not).

O —
L | e $2 $s
|
i
I
zZ, 1 ZC iz, = z/ z’
i | -
i [
L.X X
(a) ®

Fig. 9. Equivalence between waveguide E-plane step with (a) junction
capacitance and (b) no junction capacitance.

guide height, the terminating waveguide height may be
larger, and it will be easier to match the filter to a normal
height waveguide. This point is demonstrated in Fig. 8, where
the Chebyshev filter whose element values are given in Table
IT is drawn on the same vertical scale as the Zolotarev filter
with 8,=7°, also given in Table II. The two filters are nor-
malized to give maximum waveguide heights which are equal.
In the Chebyshev case, this corresponds to one of the central
inductive regions, whereas in the Zolotarev case, it cor-
responds to the first inductive region at each end of the filter.
The inductive heights for the two cases are tapered oppositely,
i.e., convex for the Chebyshev case and concave for the Zolo-
tarev case. The advantage of the latter is seen to be a termi-
nating waveguide that is larger by a factor of 1.5. Assuming
that the largest waveguide height can be made equal to that
of the standard waveguide, this means that the impedance
transformation required at each end is 5:1 in the Chebyshev
case, but only 3.3:1 in the Zolotarev case. As indicated in
Fig. 8, this would probably result in a savings of one step in
the stepped impedance transformer.

The fringing capacitances in this design are compensated
using the generalized impedance-inverter concept [8]. In
Method 1, the impedance inverter was taken to be a complete
capacitive iris, but here, each step is taken individually, as
shown in Fig. 9. The prototype filter has no junction capaci-
tance, and the equivalence between this and the practical
filter is made exact at the cutoff frequency by equating the
insertion losses (or K/+/Z1Z5) values) and the location of the
impedance-inverter reference planes. At the first junction of
the filter we set Z;=27," and adjust Z, to give the same inser-
tion loss for the junction, i.e., Z, is slightly larger than Z'.
Application of the generalized inverter equations [8] show
that ¢1—¢:’ is small and positive, while ¢»—¢,’ has larger
numerical value, but is negative. Hence, relative to the proto-
type filter, the inductive regions are slightly lengthened and
the capacitive regions are shortened by a relatively larger
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TABLE III

HarMONIC BANDS AND LOCATION OF SPIKES
IN AN L-BanDp FILTER

n nth Harmonic band Hno—mode spikes (fl = 2.15 GHz)

a = 4,30 in. a = 3,80 in.
{GHz) (GHz) (GHz)

1 1.75 - 1.85

2 3.50 - 3.70 2.74 - 3.20 3%10 - 3.44

3 5,25 - 5,55 4.11 - 4.44 4.66 - 4.89

4 7.00 - 7,40 5.49 - 5.73 6.21 - 6.39

5 8.75 - 9.25 6.86 ~ 7.06 7.76 -~ 7.90

6 8.23 - 8.40 9.32 - 9.43

7 9.60 - 9.75 10.87 -10.97

amount. At the second junction we use the new value of Z,
and adjust Z; to give the correct junction insertion loss, and
this process is carried out at all junctions of the filter. Proxim-
ity effects between nearest junctions across the inductive
regions are often significant, and are taken into account as
described in [8].

As an example, consider the design of a filter to meet the
following specifications:

waveguide WR 430 (4.30X2.15 in);

passband  1.75-1.85 GHz, VSWR 1.25, insertion loss
<0.5 dB;

stopband >25dB at 2.2 GHz;
>70 dB at the second through fifth harmonics
of the passband;
> 40 dB at 10 GHz;

power 5kW, CW;

length <24 in.

This specification could be met with a combination of two
waffle-iron filters having overlapping stopbands, as described
in [2], but the overall length would probably be almost twice
that allowed in the specification (the total length occupied by
the two 4-step and one 2-step transformers alone would be
over 24 in). The Zolotarev design given in Table II (6,=7°)
gives a stopband extending from electrical lengths of 21.5° to
158.5°, a ratio of 7.37:1, and is capable of providing the stop-
band requirements in a single device. However, it is necessary
to ensure that the 70-dB specification is met by avoiding the
possibility of any H,o-mode spikes in the specified harmonic
bands. Table I1II gives the location of these spikes both for the
WR 430 and for a waveguide of broad dimension equal to
3.80 in, and shows that while a filter built directly in WR 430
would have Hyp-mode spikes in the third harmonic and Hjo-
mode spikes in the fourth harmonic, reduction of the broad
dimension to 3.80 in ensures that the filter will be free of inter-
ference in all harmonic bands. The terminating transformers
are inhomogeneous rather than homogeneous.

This filter was constructed with a cutoff frequency at 2.1
GHz and has theoretical attenuation of 32 dB at 2.2 GHz,
rising to a peak of 220 dB at 6.25 GHz, and drops to 109 dB at
10 GHz and to zero at 10.6 GHz. The computed VSWR in the
passband 1.625-2.10 GHz is better than 1.08 compared with
1.075 for the prototype, which demonstrates excellent com-
pensation for the fringing capacitances.

The length of the filter is 7.27 in, and the two 2-step in-
homogeneous transformers at each end are each 6.25 in in
length. The total length of the filter, including intervening
lengths of waveguide, is 22 in. The inhomogeneous trans-
formers were designed on the basis of the general design
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Fig. 10.

philosophy presented in [8] and had a VSWR of less than 1.02
in the 1.75-1.85-GHz band.

The impedance transformers may be reduced in length by
about half if the type of mixed lumped and distributed im-
pedance transformer described in [11] is used. This applica-
tion must be analyzed carefully, however, because this short
transformer has a stopband attenuation of its own, and a
cascade of two such transformers spaced by a low-pass filter
may interact to give large ripples. This is serious only when
the first stopband frequency specified is quite close to the
passband. In the example considered here, the ripples would
not cause problems. Since a program for the design of inko-
mogeneous mixed lumped and distributed transformers had
not been completed when this filter was designed, it could not
be considered, and the more lengthy conventional trans-
formers were used.

Measurements on the complete filter showed a VSWR of
better than 1.07, insertion loss (unplated aluminum) of 0.28
dB, and an Hjp-mode attenuation in almost exact agreement
with theory, measured to a level of 80 dB. The attenuation
for all modes in the harmonic bands was greater than 70 dB,
as required.

The peak power-handling capability of these filters at nor-
mal atmospheric pressure and room temperature may be esti-
mated using the following formula for the breakdown:

P = 1.55abA/A, (MW) (8)

where ¢ and b are the broad and narrow dimensions in inches
of the smallest waveguide section and A/}, is the ratio of free-
spaee to guide wavelengths. In the WR 430 filter described,
we have ¢ = 3.8, b=0.052, and A/\, = 0.67, giving a breakdown
threshold of approximately 0.2 MW.

The CW power-handling capability depends on the avail-
able cooling. The insertion loss of 0.28 dB means that 6.5 per-
cent of the incident power of 5 kW, i.e., 325 W, must be dissi-

(a) Zolotarev half-stub prototype used for Method 3. (b) Tapered corrugated filter derived from (a).

pated, a fairly low figure for this large filter. A much lower
insertion loss is achievable with silver plating.

Method 3— Mixed Lumped and Distributed Prototype

Method 1 gives an acceptable but nonideal passband
VSWR because the prototype does not closely correspond to
the practical filter. The distributed low-pass prototype filter
will not take proper account of the frequency variation of the
capacitive irises. The deviation from the prototype is very
large at low frequencies, giving VSWR ripples rising to levels
of 1.5 or more, and the effect is more severe if the stopband of
the filter is required to be very broad. The advantage of
Method 1 is the complete elimination of impedance trans-
formers.

Method 2 is almost exact, but some impedance trans-
formation is required. Method 3 is an alternative to Method 2,
and gives rather similar results. It is based on the “half-stub”
distributed prototype filter introduced in [7]. This gives an
almost ideal design for filters consisting of a cascade of lumped
shunt capacitors spaced by transmission lines all of equal
length, but of differing impedances. A detailed description of
the application of this prototype to the design of coaxial low-
pass filters is given in [8]. However, as stated previously, it is
necessary to taper the internal impedance level to be low at
the center of the filter rather than high, as in the coaxial case.
This may be achieved partially by using Zolotarev half-stub
prototypes [7]. Asin Method 2, it is not possible to match the
filter to a waveguide of standard height if the maximum
height within the filter is restricted to this standard height,
but the impedance transformation required is much less than
that needed for Chebyshev prototypes or for image-parameter
methods.

The design is illustrated in Fig. 10, which gives the dimen-
sions of a filter for WR 90 waveguide designed for a cutoff
frequency of 12.8 GHz. The Zolotarev prototype [7] shown
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in Fig. 10(a) is for n=8, VSWR =1.02, ,=9.5°, and #,=23°.
The guide wavelength at 12.8 GHz is 1.074 in, corresponding
to @, and at 6; this becomes (23/9.5)X1.074=2.6 in, which
occurs at approximately 8.0 GHz. Analysis of the filter shown
in Fig. 10(b) shows that the VSWR is less than 1.07 down to
7.8 GHz. Theoretically, the attenuation is greater than 60 dB
from 16.0 to 37.0 GHz, and this is the case for the actual filter
apart from the H,o-mode spikes. These spikes are quite severe
in this filter, since it has only eight cavities. At least eleven
cavities should be used for a more acceptable performance.

The process of equating the filter to the prototype is sim-
ilar to that described for Method 1. The only difference is in
the form of the impedance inverter at each junction in the
prototype. A corresponding impedance inverter in the filter
is a capacitive iris bounded by waveguides of unequal heights,
as shown in Fig. 5. The iris thickness is arbitrary, and the gap
is chosen to give a required insertion loss as in Method 1.

Further corroboration of the analysis methods used in this
paper is presented by Gunston and Blunden [12]. However,
they neglect proximity effects, and do not describe any syn-
thesis techniques.

CONCLUSIONS

Tapered corrugated waveguide low-pass filters may be
designed accurately by a number of different synthesis tech-
niques and will usually perform satisfactorily without requir-
ing empirical adjustments. The impedance tapering has the
advantage that impedance transformers are either completely
eliminated or reduced in terms of impedance ratio require-
ments. The methods have almost infinite flexibility, enabling
special requirements to be met in an optimal manner.

Longitudinal slots may be cut in the central regions of
these filters to improve their performance to higher order
H,,0 modes, as in conventional waffle-iron filters. However, it is
suggested that this is not necessary for many applications,
especially when the specification requires high attenuation at
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restricted regions of the stopband (e.g., harmonics of the
passband).

The synthesis techniques presented are based on taking
predetermined values of the inductive sections and then de-
signing the capacitive sections of the filter (Methods 1 and 3).
It is possible also to base the realization on the inductive sec-
tions, i.e., to fix the capacitive heights and to design the induc-
tive heights., This dual technique may prove to be advanta-
geous for some applications.
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