
IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. Ml”S-22, NO. 1, JANUARY 1974

In-Line Waveguide Selective Linear Phase Filters

JOHN DAVID RHODES, MEMBER, IEEE, AND M. ZAWAWI ISMAIL

Abstract—A procedure is described whereby narrow-band wave-

guide selective linear phase filters may be designed from a low-pass
prototype linear phase network. The structure is comprised of a
cascade connection of basic sections, each containing a direct-

coupled cavity together with a dual-mode resonator. Each dual-mode
resonator takes the form of a square guide mounted on the broad
wall of the main rectangular guide and coupled to this guide by a

small aperture. Explicit formulas for the susceptance of the coupling

apertures and electrical lengths of the cavities are given in terms of

the low-pass prototype.

INTRODUCTION

THERE ARE many techniques suitable in the design

of microwave filters from the conventional minimum-

phase Iow-pass prototype filters. In waveguides, the half-

wave direct-coupled cavity filters provide a good compact

structure [1]. Recently, some new design techniques have

been developed for the low-pass prototype selective linear

phase filters in a multipath form, with microwave realiza-

tions [2]–[4]. -

More recently, a cascade synthesis procedure has been

developed for the same class of filters with application to

lumped-element bandpass channel filters [5]. In the low-

pass prototype, the transmission zeros were extracted

using second-degree sections which inherently contain fre-

quency invariant reactance. In this paper, a new design

technique is presented for narrow-band waveguide selec-

tive linear phase filters based upon this low-pass proto-

type selective linear phase filter.

Initially, the properties of the low-pass prototype net-

work are briefly discussed, and the design procedure

developed and illustrated by experimental results.

THE LOW-PASS PROTOTYPE LINEAR PHASE lj’ILTER

A possible scattering transfer function of a (2n + 1)

degree network of a low-pass selective linear phase proto-

type has been shown to be

~,, (p) = lh[pn (–p/,)[2Pn+, (p/,) – P.(p/.)]] (l ~

P. (p/e) [2P.+1 (p/f) – p. (P/~)1

where P. (p/e) is the equidistant linear phase polynomial

defined through the degree varying recurrence formula.
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1Phase deviation from Iinearlty is zero at periodically spaced

frequency increments.

Pn+l (p/e

with the

1

()tan 6 ‘ {p’+ (en)’)
= P.(p/e) + —

(4n2 – 1)
P.-l (p/e)

e

nitial conditions

()tan e
Pl)(p/e) = 1, P,(p/e) = 1 + — P ‘ (2)

c

where c varies the passband ripple level.

From (1) and (2), we may construct SII (p) to be of

the form

&1 (p)

= A. ii (P2 + C2~2)/Pn (P/~) E2Pn+1(P/~) – ~n(P/~)]
1

where

‘n=&r2/ ,(2n+ l)fi (2n– 1)2. (3)

Normalizing the generator impedance to unity, the input

admittance Y(p) becomes

1 – &l(p)
Y(P) = ~ + &l(p) “ (4)

The synthesis of thk admittance function Y(p) in the

manner described in [5] leads to the network shown in

Fig. 1, which is designed to exhibit complex conjugate

symmetry. A table of element values for the maximally

flat case was also given previously in [5]. A similar but

improved performance may be obtained using modified

forms of this transfer function [8], [9].

THE DESIGN PROCEDURE

The in-line waveguide selective linear phase filter is

shown in Fig. 2 and is defined according to the normalized

rnidband susceptances and electrical lengths as depicted

in Fig. 3. The design procedure is based upon equating

this structure at midband to the low-pass protot ype linear

phase filter.

Initially, consider the section consisting of two induc-

tive susceptances each symmetrically embedded in a nega-

tive length of transmission line separated by a length of

transmission line of electrical length 07, shown in Fig. 4.

Each inductive susceptance embedded in the negative

length of line may be approximated by a frequency-

dependent immittance inverter, while the length of trans-

mission line of electrical length O, can be represented by
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Fig. 1. Low-pass prototype network for the odddegree selective linear phase filter.

Fig. 2. The in-line waveguide linear phase filter.
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Fig. 3. Midband susceptances and electrical lengths defining the in-line waveguide linear phase filter.
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Fig. 4. Two shunt inductive susceptances between a length of
transmission line.

an equivalent pi-section [4]. Thus the equivalent circuit

for Fig. 4 is that shown in Fig. 5, where

BT_l,r = K._l,. — l/Kr_l,r

()&-1,,
4,-1,, = cot–l —

2
(5)

Fig. 5. Approximate equivalent circuit for the coupled-cavity of
Fig. 4.

(For narrow bandwidths, K>> 19/2 around & = AN and,

therefore, the shunt elements may be neglected [1]. )
Next, consider a dual-mode resonator between two

quarter-wavelength transmission lines, Fig. 6. An exact

analysis of the dual-mode resonator is diflicult to obtain.

An approximation based on the small aperture theory [6]

can be derived, from which the equivalent circuit of the

dual-mode resonator can be obtained. Using this technique,

assuming only the dominant TEO1 and TEIO modes propa-

gate in the square guide, the equivalent circuit of Fig. 6

is that shown in Fig. 7, where

jyA; =
[

BA. sin (7r/2) (X@/&) – cos (7T/2) (A@/h.)

sin (7r/2 ) (~@/&) – BAT KE (7r/z) (bo/& ) 1
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Fig. 6. Dual-mode resonator.

LT
Lattice equivalent circuit for the dual-mode resonator.

[

XB7 sin (7r/2) OWA) – cos (7r/2) (bo/b)
1

(6)
sin (7r/2) (X~/&) – XBr Cos (~/2) (&O/b)

Considering the above results, the equivalent circuit

for the waveguide filter shown in Fig. 2 is that shown in

Fig. 8, where the transformers of turns ratios (Ag/X@) 112

and (k@/kg ) 112are eliminated, and we have

A@
Z, = –j ~0 sin 0,; (7)

a 9

and

The low-pass prototype shown in’ Fig. 1 may be trans-

formed into the network shown in Fig. 8 by first intro-

ducing unity immittance inverters so that the shunt

capacitances together with frequency invariant suscep-

tances are transformed into series inductors and frequency

invariant reactance, and then transforming the admitt-

ance level at each node to yield equal-valued inductors

where a >>1. The network is shown in Fig. 9, where

B,, _ B,
c;=~, ,

C2 Lia

Li’ = CiLWI, Xi’ = BiLias

We then apply the frequency transformation

(8)

and we equate the networks at midband. For the iris-

coupled cavity, we have

Equating the functions at h, = X,o we have

6,=7r-sin-l Y.
C,a

Equating the values of the impedance inverter

(lo)

Kr,p+l = Yr,r+I. (11)

To a second degree of approximation, the frequency trans-

formation (8) reduces to

@-+ mr(l — kg/&O). (12)

If x,l and A,2 are the guide wavelengths correspond@ to

the required bandedge frequencies fl andj2, the

Agl + &12
Xgo = z

and

z z~ z

K Ka Y~2 , ‘ Ka K% Y~401

--~ ~ d L .% : IE$aEli

Fig. 8. Equivalent circuit for the in-line waveguide linear phase filter.

Fig. 9. Low-pass prototype network after admittance scaling.
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@’(xol + k#2)
~=

w (Xol – X,2)

where u’ is the cutoff frequency of the

type [4].
Applying the transformation (12) to

(13)

low-pass proto-

the lattice ele-

ments, and approximately equating the lattice arm immit-

tances to the equivalent lattice of the dual-mode reso-

nator, we have, for the series arm impedance,

[

& BAi sin (7r/2) (&o/&) – cos (T/2) (bdh)

~o sin (7r/2) (&O/A,) – BAi cos (T/2) (x,oA) 1

where

Equating the functions and derivatives at h. = Ati we have

sin4 ~$/a) [*’ Csc’ #~ + Bz~]

‘“+i{l+(%J-%’15)
For the shunt arm admittance,

[

Ad XBi sin (7r/2) (X,O/k,) – Cos (7/2) (&o/b)

G sin (7r/2) (koO/&) – XBi cos (~/2) (&o/ka) 1

Again equating the functions and derivatives at midband

we have

4ab
~cd #i+ Bzi] = BiLia

l@2 COS2 (~d=Ja) sin2 (md,Ja)

and

A,02COS2(rdo,~~sin2 (mdJa) ‘*’CSC2*’ - ‘z’ - 2c0t~’]

= LiCia2~ + ~ { 1 + (BiLia)2) + BiLia. (17)

Subtracting (15 ), we obtain

*i CSC2 +~ – GOt #i

.

‘in’%: [u+i{1+(5J} -51 ’18)

while, adding (17 ), we obtain

rd.< ~d$i
#’i CSC2 *i – COt *i = ~ COS2 — Sh. —

a a

[ 1
. LiC;a2~ + ~ { 1 + (BiLia)2} + 2BiLia . (19)

From (18 ) and (19) we obtain the condition

rdz; ~dzi . ~dzi Ag2
sinA — = COS2y sm2 ——

a a 4a2

[

LiCiff2T + (~/2)(1 + Bi2Li2a2) + 2BiLia

“ T + (~/2){ 1 + (Xi/Li~)2) – (2Xi/LiCZ) 1

(20)

from which dzi,dzi can be obtained.

Equation (15) may be reduced to

2#i – sin 2#, – (1 – cos 2#~)

—
fsin’%[”+i{’+(%)} -%l=o ’21)

and ii can be obtained by an iterative method. Bzi and

Bzi can be obtained directly from the first equations in

(14) and (16).

Summarizing with respect to the element values of the

low-pass prototype given in Fig. 1 and the element values

of the equivalent circuit for the waveguide filter given in

Fig. 8, we have

a’ (Lgl + &72)
~=

~ (AU1 — XU2)

and, for the first half of the network

Kol = (Cla)l’z

[

(ClLi+la)1f2j i = 1,3,5, . . .,n (n odd)

or 72+ 1 (n even)

Ki,<+l =

(LiCi+la)’\2J , ,.. -,l(nodd)d)~=24

or n (n even)

with

Bi,i+l
@i,i+l = – cot–’ —

2

and

~ = _ sin_, I&
%

C@ ‘
i = 1,3,5, s. .,n (n odd)

or n + 1 (n even).

For i = 2,4,6,... , n + 1 (n odd) or n (n even)

~dzi
B.,i = – cot#i+ ~ ~ sinA —

a a

(22)
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with the conditions

24, – sin 2#, – (1 – cos 2*;)

“:si”’%[”+i{’+(%Y}-&l=”
and

~d=i A@ rd%i ~du
sin’ — = — cosz — si~2 _

a 4a2 a a

[

LiC;a’~ + (T/2)(1 + Bi2Li2&) + 2BiLia
.

1~ + (~/2) f 1 + (xi/Lia )2 } – (2Xi/Lia) “

The second half of the network is obtained from the com-

plex conjugate symmetry, i.e., all the frequency invariant

immittances are replaced by their conjugates in all the

expressions of (22).

EXPERIMENTAL FILTER

An experimental waveguide selective linear phase filter

was constructed to operate in X band at the center fre-

quency of 9 GHz and with a relative bandwidth of 1 per-

cent, based on the fifth-degree equidistant linear phase

low-pass prototype network. Aperture dimensions were

obtained from available graphs [7]. For the dual-mode

resonator, rectangular apertures were used.

The measured response of the constructed filter is shown

in Fig. 10 and the performance summarized as follows:

j) = 9 GHz.

Passband

FO & 50 MHz

midband loss, 1.5 dB (unplated)

return loss, 22 dB

delay, 12 ns

Band Insertion Loss Delay Deviation
(Percent) Deviation (dB) (ns)

<0.05 +0.1
;; 0.1 +0.5

100 0.3 +1..5

Stopband

jo & 120 MHz, L>20dB

f, ● 140 MHz, L>30dB

which was in good agreement with the theoretical be-

havior.

CONCLUSION

A design procedure has been presented whereby the

in-line waveguide selective linear phase filter may be con-

structed from the element values of the low-pass proto-

type linear phase filter. The resulting structure is relatively

compact and its physical construction is more amenable

to dwect replacement of conventional waveguide filters in

existing systems where additional delay equalization is
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Fig. 10. Measured response of the waveguide linear phase filter
based upon the fifth-degree equidistant linear phase prototype.

required. Both the generalized direct-coupled cavity and

the in-line filter suffer slight dispersion in the passband

due to the frequency dependence of the coupling apertures.

However, with the cascade prototype, dkpersion may be

introduced into the prototype [5] to overcome this effect

in broader bandwidth cases, although this must be offset

against the disadvantage of being more sensitive to iris

sizes due to the dual-mode operation.

Finally, it maybe noted that the dual-mode cavit y may

also be realized using a cylindrical cavity instead of a

square one [10], and in the derivation of the equivalent

circuit for the cylindrical cavity, the dominant TEn

modes are assumed.
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