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ABSTRACT: A waveguide band-pass ?lter utilizes a sequence 
of capacitive irises to form corrugations within the rectangular 
waveguide. The capacitive irises are aperiodically spaced 
along the guide and the capacitance of consecutive irises in 

\the sequence are of different values. The waveguide has its 
height tapering in steps and each capacitive iris in the 
sequence is situated between waveguide sections of different 
heights. 
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APERIODIC TAPERED CORRUGATED WAVEGUIDE 
‘ FILTER 

FIELD OF THE INVENTION 

This invention relates to frequency selective passive ap~ 
paratus for ?ltering signals which are in the microwave por 
tion of the electromagnetic frequency spectrum. More par‘ 
ticularly the invention relates to waveguide ?lters of the corru 
gated and waffle-iron types. 

BACKGROUND OF THE INVENTION 

In waveguide filters of the type here considered, the low and 
high- impedance sections of the ?lter are realized by raising 
and lowering the height of the waveguide which results in cor 
rugation of the waveguide. A waffle~iron ?lter is basically a 
corrugated ?lter except that the waffle-iron ?lter is slotted in 
the longitudinal direction to reduce spurious response'sin the 
stop band caused by higher order modes. Corrugated and waf 
?e-iron waveguide ?lters are usually low-pass in operation, 
but because waveguide has a cutoff frequency, those ?lters 
cannot operate to DC as'do most low-pass ?lters. Because of 
the corrugations in’ the waveguide, modes having variations in 
the direction of the waveguide height are cutoff up to very 
high frequencies. Corrugated waveguide ?lters, therefore, 
have good stop band characteristics. _ 

In the corrugated and waf?e-iron low-pasts waveguide ?lters 
. here considered, the corrugations are smallcompared-to a 
quarter wavelength at the pass band frequencies. Such filters 
are the waveguide equivalent of the common series-inductive, 
shunt-capacitance, ladder-type, . low-‘pass v?lter. The 
waveguide nature of the corrugated and waffle-iron ?lters, 
however, makes it dif?cult to design them as a direct approxi 
mation of the lumped-element, low-pass ?lter. 
The conventional corrugated or waffle-iron ?lter is a 

uniform structure in which the low and high impedance sec 
tions alternate and recur periodically. When such a filter is 
designed by the image parameter method the upper cutoff 
frequency is not accurately predictable and large VSWR 
(voltage standing wave ratio) ripples are encountered when 
approaching the upper cutoff. Further, an impedance trans 
former is required to match the ?lter to standard waveguide. 
The impedance transformers at the input and output of the 
conventional corrugated or waffle-iron ?lter materially in 
creases the length of the transmissionsline. A considerable 
reduction in length can be achieved where the ?lter can be 
connected directly to the waveguide-without requiring an in 
tervening impedance transformer. .- . 

OBJECT OF THE INVENTION 

The primary object of the invention is to provide a corru 
gated or waffle-iron waveguide ?lter that can be connected to 
the transmission waveguide without requiring intervening im 
pedance matching devices. A further objective of the inven 
tion is to provide a waveguide ?lter of the corrugated or waf 
?e-iron type which is characterized by substantially equiripple 
performance across the pass band. ' 

THE INVENTION 

The invention resides in a waveguide ?lter of thecorrugated 
or waf?e-iron type in which the height of the waveguide is 
tapered and in which the ?lter sections of high and low im 
pedance are aperiodic. ' 

THE DRAWINGS 

The invention can be better understood from the exposition 
which follows when it is .considered in conjunction with the 
drawings in which: 7 > 

FIG. 1 depicts, in cross section, a conventional corrugated 
?lter employing transformers to match the ?lter to standard 
waveguide; 
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FIG. 2is a cross-sectional view of a waveguide ?lter formed 

by a sequence of thick capacitive irises spaced along a hollow 
waveguide; 

FIG. 3 symbolizes a generalized distributed low-pass proto 
type ?lter in impedance inverter form with unity line im 
pedances; I 

FIG. 4 symbolizesv the generalized distributed low-pass 
prototype ?lter with line impedances of generalized values; 

FIG. 5 depicts an embodiment of the invention in which the 
height of the waveguide tapers from the meddle toward ,the 
ends; ' 

FIG. 6 depicts the preferred embodiment of the invention in 
which the height of the waveguide tapers from the ends 
toward the middle; 

FIG. 6A depicts a stepped structure employed in the 
preferred embodiment; , “ 

FIG. 7 symbolizes an impedance inverter disposed between 
lines of different impedances; 

‘ .FIG. 8 depicts a physical structure realizing the arrange 
ment symbolized in FIG. 7; . 

FIG. 9A is a front elevational view of a capacitive iris in a 
rectangular waveguide; . . 

FIG. 9B is' a sectional view taken along the parting plane 
9B-9B in FIG. 9A; 

FIG. 9C vsymbolizes the equivalent circuit of the FIG. 98 
structure; and , - 

_'FIG. l0-is a front elevational view of a waf?e iron ?lter em‘ 
bodying the invention. 

THE exposmou 

FIG. 1 shows a conventional corrugated ?lter 1 having im 
pedance transformers 2 and Jeonnecting the input and output 
of the ?lter to standard waveguides 4 and 5. “Standard” 
waveguide, in the context of this exposition, means the com; 
monly available waveguide whose dimensions have been ?xed 
by the ‘Electronics Industry Association-(BIA) and which is 
designated by anumber preceded by WR, as in WR-90. The 
?lter l is a periodic waveguide structure having sections of 
high and low impedancewhich result from abruptly raising 
and lowering the height of the waveguide. The high and low 
impedance sections alternate and thus form corrugations in 
the waveguide. The corrugations, in the longitudinal direction 
of the guide, are small compared to a quarter wavelength at 
the pass band frequencies. The input waveguide 4 is con 

. nected to a quarter wave ).g(4), ), stepped, impedance trans 
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former 2'which,.in the illustration, has ?ve sections of decreas 
ing height, the section of smallest height being joined to the 
input port IA of the filter. The output port 18 of the ?lter is 
connected to a similar quarter wave, stepped impedance 
transformer 3 having its section of greatest height connected 
to the output waveguide 5. The impedance transformers are 
necessary to permit the corrugated filter to be matched to 
standard waveguide. The length of the transformer is substan- , 
tial in comparison to the length of the corrugated waveguide. 
In situations where compactness is a desirable attribute, 
elimination of the transformers obviously is conducive to that 
objective. However the transformers cannot be eliminated 
from the conventional corrugated ?lter without seriously 
degrading the performance of that'?lter when it is inserted in 
standard waveguide. Because the conventional corrugated 
?lter is essentially a periodic structure, large ripples are en 
countered in the pass band as the upper cutoff frequency is ap- ' 
proached. Further, the image parameter method of designing 
the conventional corrugated waf?e-iron ?lter does not permit 
accurate prediction of the upper cutoff frequency. 

FIG. 2 is a cross-sectional view of a waveguide ?lter formed 
by a sequence of thick capacitive irises C1, C2...C7 spaced 
along the interior of a hollow rectangular waveguide W1 in the‘. 
manner'disclosed in my patent application Ser. No. 786,967, 
?led Dec. 26, 1968. This capacitive iris ?lter can be matched 
to standard waveguide without requiring impedance transfor 
mers simply by arranging the thick capacitive irises in a length 
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of standard waveguide. The capacitive iris arrangement pro 
‘vides moderate harmonic rejection in a ?lter of very short 
length. The thick capacitive iris ?lter is derived from the 
generalized distributed low-pass prototype ?lter shown in im 
pedance inverter form in FIG. 3. In that prototype, the line im 
pedances between the impedance inverters K,, KTHKXH are 
all of unity impedance, viz., Z¢=l., as explained in the above 
cited copending application. In that prototype. the impedance 
inverter is given by 

1 
K‘ m 

where V, is the junction VSWR (voltage standing wave ratio) 
as discussed in my monograph “Table Of Element Values For 
The Distributed Low-Pass Prototype Filter," IEEE Transac 
tions on Microwave Theory and Technique, Vol. M'I'l"—l3, 
No. 5, Sept. 1965. 
Consider now a similar generalized distributed low-pass 

prototype ?lter, shown in FIG. 4, in which the line impedances 
between the impedance inverters K,, K,, etc., instead of all 
being of unity impedance, take on general values 2,. The im~ 
pedance inverter between lines Z," and Z, is given by 

where v,- is the junction VSWR of the ordinary distributed low 
pass prototype. Note that when Zm=ZFl we have 

1 
K1 m 

as in the FIG. 3 prototype. 
By choosing suitable values for the main line impedance 2,, 

we can cause the waveguide heights to taper in any desired 
manner. Thus, we can produce an aperiodiccorrugated ?lter 
in which the waveguide height tapers from the center out 
wardly as in FIG. 5 or an aperiodic corrugated ?lter in which 
the waveguide height tapers inwardly toward the center as in 
FIG. 6. The FIG. 6 embodiment can be constructed by corru 
gating the interior of a length of standard waveguide. If that is 
down, the ?lter can be connected directly to standard 
waveguide without requiring an intervening impedance trans 
former. 
The realization of an impedance inverter K, disposed 

between lines whose impedances Z, and Z2 are different is 
symbolically depicted in FIG. 7. It is always possible to ?nd 
reference planes P1 and P2 to convert the asymmetric struc 
ture depicted in FIG. 8 to the “symmetric” impedance in 
verter K, indicated in FIG. 7. The plane P1 is located WP, 
from the forward face of the thick capacitive iris and plane P2 
IS located ‘bib, from the rear face of the thick capacitive iris. It 
is necessary to measure the actual electrical length between 
any pair of adjacent irises in the ?lter from the reference 
planes on either side of the irises to account for the phase shift 
introduced by the irises. 

FIG. 9A depicts a thick capacitive iris in a rectangular 
waveguide. FIG. 9B is a sectional view taken along the parting 
plane 98-98 in FIG. 9A. In FIG. 9A, the waveguide height is 
denoted by b in accordance with conventional notation and 
should not be confused with a normalized susceptance. FIG. 
9B is identical to FIG. 8, and shows waveguide heights of bX 
and b , on either side of the capacitive iris, where b1 and b, are 
each less than the main waveguide height b. The equivalent 
circuit of the thick asymmetrical capacitive iris is symbolized 
in FIG. 9C. The transfer matrix of the thick iris equivalent cir 
cuit of FIG. 9C, including the fringing capacitances, is 

' A 3'3] '0 D 

The mathematics which follow are a generalization of equa 
tions 10 through 13 given in the cited copending application. 
Because the distances ‘MD, and WP, to the reference planes 
located on each side of the thick iris (FIG. 8) are, in general, 

20 

25 

30 

35 

40 

45 

55 

60 

65 

75 

4 
different, equation ll in the cited copending application 
becomes two conditions, giving (b, and 4),. The actual equa 
tions are, 

_ 2(bd—ac) 

‘an 4”‘ (at-110+ (Ia-e) (1) 

2(ab—od) 
“"1 °”= (av-W +(b=—' e) (2) 

where 
Z: 

“"A Z (a) 

b: 2.2, (4) 

G=CVZ1Z3 - Z1 

‘1-D z. (6) 

giving an inverter impedance 
K 

= L—1/L--1 42.2.». ‘F (1) 
where 

L=1+i(a—d)=+i(b—9)= (8) 
is the insertion loss of the thick iris when terminated in re 
sistive impedances Z1 and Z‘. 
Note that when Z,=Z2=l , then ll>l=<l>z=® and equations 1 l 

to 13 of the copending application result from the foregoing 
equations. 
The structure shown in FIG. 6 is the preferred embodiment 

of the invention because it pennits standard waveguide to be 
employed in its fabrication. If in that embodiment, the 
thickness 1,, t2...of the capacitive irises is uniform throughout 
the ?lter, and because the capacitance of the capacitive sec 
tions increases from the ends of the ?lter toward the central 
portion, the iris gaps h‘, hz, h a, h, become progressively nar 
rower. It is not, however, a necessary condition that the irises 
all be of the same thickness 2. The distances 1,, l,...1,,, mea 
sured between the faces of the irises, are in general different 
so that the irises are aperiodically spaced along the guide. In 
the preferred embodiment, the lengths ll, 1,, 1, become 
progressively shorter as the center of the ?lter is approached. 
The waveguide heights bl, b2, b3 also become progressively 
smaller, causing the waveguide height to taper in steps from 
the ends toward the middle of the ?lter, In a ?lter having many 
sections, the center sections may all be uniform, as in the con 
ventional corrugated ?lter, with the taper occurring over the 
?rst three or four ?lter sections at each end. 
The embodiment of FIG. 6 can be constructed by securing 

two identical stepped elements 8 and 9 in a length 10 of stan 
dard hollow rectangular waveguide. Each stepped element 
may be of the form depicted in FIG. 6A and can be made from 
a single slab of metal. The elements 8 and 9 are brazed or 
otherwise fastened within the waveguide to the top and bot 
tom broad walls in a manner assuring good electrical continui 
ty between the joined parts. The ?lter embodiment depicted in 
FIG. 6 is a symmetrical structure which permits either end to 
serve as the input port with the other end serving as the output 
port. 

In the preferred embodiment of FIG. 6 the sections are 
tapered to cause the ?lter to terminate in waveguide having a 
height b that matches the height of standard waveguide. In the 
preferred embodiment, the requirement for a transformer to 
match the standard waveguide to the ?lter is completely 
eliminated. The tapered sections in the ?lter may be viewed as 
combining the impedance matching function with a ?ltering 
function. This is especially so in a ?lter having a large number 
of sections in which the impedance matching is performed by 
three or four tapering sections at each end of the ?lter with the 
central portion of the ?lter being corrugated in the manner of 
the conventional ?lter. I 

In some situations, it may not be feasible or desirable to 
completely eliminate the conventional impedance matching 
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transformers. In such circumstances. the aperiodic tapered 
?lter can be constructed to terminate in waveguide which is of 
a different height b from the standard waveguide and a con 
ventional device may be employed to provide the requisite im 
pedance match That is, referring to H0. 6, the tapered sec 
tions may terminate in a waveguide of height b which is 
somewhat less than the height of a standard waveguide and a 
quarter wave stepped transformer may then be employed to 
connect the terminating waveguide to the standard waveguide 
in the transmission line. The advantage of such a procedure is 
that the transformer need not have as many steps as in the 
conventional arrangement of FIG. 1 and therefore a reduction 
in length is obtained by employing an aperiodic tapered ?lter 
even where that ?lter does not provide complete matching to 
standard waveguide. 
The embodiment of the invention depicted in FIG. 5 has 

sections arranged to cause the ?lter to taper from the middle 
toward the ends. Thus in the FIG. 5 embodiment, the 
waveguide height bl, b,, b; becomes progressively smaller in 
proceeding away from the center of the ?lter while the 
distances 1,, 1,, 1;, become progressively larger due to the in 
crease in reference plane spacing which accompanies the 
decrease in gap susceptance. Assuming the standard 
waveguide height must be equal to or larger than the height of 
the largest section, the FIG. 5 ?lter, because of the direction 
of its taper, terminates in a waveguide of height h, which is 
substantially smaller than the standard waveguide height and 
therefore transformers are required to match the terminal 
waveguide to standard waveguide. 
A waffle-iron ?lter can be obtained by modifying the 

aperiodic tapered corrugated ?lter here described to have 
slots, as indicated in FIG. 10, which extend in the longitudinal 
direction through the high and low impedance sections of the 
waveguide. The longitudinal slots, as is known, reduce the‘ 
spurious response in the stop band caused by TE on type 
higher order modes. The provision of longitudinal slots makes 
the wa?le-iron ?lter more difficult and costly to build than the 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
related corrugated type, but the improved stop band charac 
teristic of the waffle-iron ?lter, in many instances, make the 
waffle-iron ?lter the preferred type. The reduction in capacity 
of the irises caused by the longitudinal slots can be compen 
sated by narrowing the gap heights hl, hzmor by employing 
other techniques known to the ?lter art. 
Because the invention may be embodied in varied forms, it 

is not intended that this patent be limited to the precise struc 
tures here illustrated or described. Rather it is intended that 
the patent be construed to embrace those ?lter structures 
which, in essence, utilize the invention de?ned in the ap 
pended claims. 

lclaim: 
1. A waveguide ?lter comprising a rectangular waveguide 

having a ?rst sequence of capacitive irises forming corruga 
tions within the guide, the capacitive irises in the ?rst 
sequence being aperiodically spaced along the guide, each iris 
in the ?rst sequence being of different capacitance, and the 
height of the waveguide containing the ?rst sequence of irises 
being tapered whereby each capacitive iris in the ?rst 
sequence is situated between waveguide sections of different 
heights. 

2. The waveguide ?lter according to claim 1, wherein the 
tapered waveguide containing the ?rst sequence of irises has 
its greatest height at the input end of the ?lter. 

3. The waveguide ?lter according to claim 1, wherein the 
capacitance of consecutive irises in the ?rst sequence changes 
monotonically. 

4. The waveguide ?lter according to claim 3, further includ 
ing a second sequence of capacitive irises disposed in the 
rectangular waveguide and forming corrugations therein, the 
second sequence of capacitive irises being a mirror image of 
the ?rst sequence, and the height of the waveguide containing 
the second sequence of irises being tapered oppositely to the 
taper of the waveguide containing the ?rst sequence whereby 
the tapered waveguide of the second sequence of irises has its 
greatest height at the output of the ?lter. 
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