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Design of Asymmetric Filters with Requirements in
Two Bands of Finite Extension

Silvia Cavalieri d'Oro and Giuseppe MacchiarelMember, IEEE

Abstract—In this paper, a general design procedure is pre- formances obtainable are sufficiently accurate from a practical
sented for a class of filters characterized by requirements in point-of-view.

two frequency bands, both of finite extension (one passband and * The equivalent representation of the filter structure and

one stopband). The filter structure is formed of suitable series tors f h teristi di din Section Il
resonators coupled through impedance inverters. The resonators FESONALOIS ITEqUENCY Characteristic are disCUSSed I Section i,

also exhibit, in addition to the series resonance in the passband, Where the relevar_lt equati0n$ of the .deSign pl’OC_edure are
a parallel resonance in the stopband. The procedure derives a also derived. Section IIl describes the implementation of the
suitable pole-zero distribution for the overall transfer function procedure using waveguide resonators. Finally, computer

and determines the parameters of the equivalent resonators in gjmy|ations and experimental performances of a practical test
order to obtain a quasi-equiripple response, both in the passband filt ted and din Section IV
and stopband of the filter. The procedure has been implemented to iiter are presented and compared in section 1v.

design filters in rectangular waveguide; a pair of identical filters
to be used in a diplexer have been designed through the procedure Il. DERIVATION OF THE DESIGN EQUATIONS

and fabricated in order to validate the theory. . . . . .
y The single-sided filters considered here are characterized by

Index Terms—Circuit synthesis, waveguide filters. the usual equivalent network in Fig. 1, wherseries resonators
are cascaded through — 1 ideal impedance inverters (nor-
|. INTRODUCTION malized external loads are assumed) [4]. All the impedance in-

) ) ) ] _ verter parameters; ;; are equal to one, but fer even, where
T IS sometimes required to design filters whose requirg;

mnes I : AUNGe /2 n/241 IS QiVeN YK, /2 241 ={e* + 1}/% £ e (lower
ments are given in two adjacent frequency ranges, w.,a&n forn — 4.8.12..... upper sign fom = 2.6.10,..)
a passband and stopband, both of finite extension. This kijflere. is defined by the maximum attenuation in the filter pass-
of filter, usually defined in the literature as single-sided filterg;,q4  — 10log(1 + £2)
[1], [2], may be advantageously employed, €.9., in the designThg resonators reactaneg of the kth resonator is assumed

of diplexers or combining transmission systems; in fact, pregs pave the following frequency dependence:
scriptions on diplexer performances are very often imposed in

only two frequency ranges of comparable extension; using, in 2p = Ay S = for 1)
this case, a pair of single-sided filters, a smaller number of res- = far

onators is required [1], with a consequent reduction of bofhere f is a suitable frequency variable, which depends on the

losses and the overall size of the diplexer [3]. _ kind of resonator considerediy, f,i and f.; are parameters
“In this paper, an original procedure for the design Gfgependent orf, which completely characterize the reactance

single-sided filters is proposed, which is applicable to varioys ( £y,

filters structures. In particular, an implementation concerning ggyeral physical resonators, both lumped and distributed,

rectangular waveguide filters with narrow or moderate banph—ay be found, which follow, with more or less accuracy, the

width is presented. The filters realized are characterized by,goye frequency characteristic in a limited frequency range. In
quasi-equiripple response both in the passband and stopbangdpyion 111, a waveguide implementation will be shown.

fact, transmission zeros are suitably introduced in the stopbanérne filter mask that we assume to be satisfied is shown in

in order to improve selectivity and minimize the number ofjg 2 |fan equiripple response is imposed in both the passband
required resonators. _ _ and stopband, a suitable placement of the resonators poles is re-
An interesting feature of the design procedure, if compar%ired_ However, let assume initially th#t,, and /., are not

with _others found i_n the Iitgrature [1], [2],. is that the (_axact SY"Hepending ort: so that only two frequencie, and f, specify

thesis of an elliptic function prototype is not required (Only,e reactance zero and pole for all the resonators. If a suitable

the low-pass Chebyshev parameters are used in the desighyency transformation is found, the reactaricef each res-

It is then very easy to implement the procedure and the Pgfsator can be derived from a standard low-pass prototype filter
(which is defined once the numberof the resonators and the
maximum bandpass attenuatidr, are given) as follows:
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Fig. 1. General configuration of a single-sided filter.

A A We now have to suitably distribute the frequencfes be-

" v tween f,, and f;, if an equiripple response is also desired in
the stopband. Let note incidentally that the reflection zeros in
the passband are given by

A

For = fswor — fpwsp %
Wok — Wsp
with
An | wsp:M kaICOS<2k_1I).
Jpa = Jp no 2

fos b e fe f A possible choice for the transmission zerfig is to dis-

tribute them in the stopband as the reflection zeros are dis-

Fig. 2. Attenuation filter maskf,,, f,. define the passband (maximumtripyted in the passband. This is obtained by exchang,';mgﬂd
attenuationd.,,,). fs., fs1, define the stopband (minimum attenuatidn, ). . .
fs, fpa @Nd f5q in (7) as follows:

kind. A suitable normalized radian frequeney satisfying the f = Jpwor — fswps (®)
above relationship may be ? Wok — Wps
— — where
T Y @
fpa_fpf_fs _fsa_fs
Wps = .
The constantg,, and f, define the frequency transformation. fsa=Ip

By requiring the equivalence, in the normalized frequency do- Obviously, now having differenf,, for each resonator, the
main, of the passband extreme frequengjgsand f;,;, (Fig. 2), frequency transformation (3) will no longer be strictly mean-

two constraints are posed on (3) as follows: ingful; however, new expressions fek; and f,,;, may be suit-
, , , , ably derived by requiring two conditions on the passband re-
W' (fpa) = w'(fpp) W' (fsa) = (fon)- (4)  sponse of the filter to be satisfied by each resonator.

It has been found that a response very close to the original
equiripple is obtained in the passband if the conservation of the
reactance:;, [as given by (2)] is imposed at the frequencfgs

1 I 1 T and fy,, of the first and last reflection zero of the filter (given

P 2 _ —— 2 _ On
= 2 (Si o 4P> fs 2 (S¢ o 4P> ©) by (7), withk = 1 andk = n). The final expressions fa,,
andf, to be used in (1) together with;, from (8) will then be

From (3) and (4), the following expressions ferandf, can
be derived:

where .
2 f ok given by
S — paltpb T Jsaltsb B ~
fpa+f1)b_fsa_fsb Ak :gkwsp§01_§sk :;Ol_il;.p
P :fPabe(fsa + fsb) - fsafsb(fpa + fpb) f f (f f/ ;k 01 s
fpa+fl)b_f5a_fsb ' fpk :M (9)

fln - f]{n
The constantsl) determine the values of the reactances Al are
cording to (2). Assuming’ given by (3), they can be expresse(yv
as f _Jo=Jpfon =15 Fun =
f _f n fOl_fS fOn_fp " fln_fsk
A = ra s
k

= Ik Tpa— I (©) The above equations allow the definition of the single-sided

) . ) .. filterin the form of Fig. 1, with a quasi-equiripple response both
The overall filter, obtained according to the scheme in Fig.i} the passband and stopband.

once all the reactances, have been determined through the ag an example of the above synthesis procedure, a three-res-
above formulas, will show an equiripple response in the passsator filter with 10% bandwidth has been designed, and the re-

band (that is betweelf,, and f,,); moreover,n coincident sponse is shown in Fig. 3. The following parameters were used:
transmission zeros will be obtained at the frequeficyn the

stopband. fra =1, fob=0.9, fse =1.05, fo, =1.15, A, = 0.1dB.

fOn - fsk
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Fig. 3. Response of a three-resonator test filter  with:
A = [—3.8895, —3.0039, —2.1028], for = [0.9649, 0.9691, 0.9730], 1 1
andf,, = [1.1362, 1.0809, 1.0531]. 1 e L L L 1
It is evident from Fig. 3 that the filter response is practically \ /ﬂ

equiripple both in the passband and stopband. Note that the max g0/ Inverters

imum return loss in the passband is 14.43 dB (corresponding to
A,, = 0.1 dB), while the minimum attenuation in stopband iig. 5. Equivalent circuit of the waveguide resonator with the reactapce
58.2 dB (it is determined by the number of resonators and Bgnsformed into a shunt susceptahge.

the separation between the two bands).
The reactance of this resonator can be put in the form of (11)

if b an . are given as follows:
I1l. W AVEGUIDE FILTERS REALIZATION bsi anduy are given as follows

The filter design procedure previously developed can be ap- Yok tan(¢ppr) tan(dsi)

plied to design rectangular waveguide filters that may be usedl,’sk = rn(%k) Lpk = . . 12)
for instance, in diplexers applications. The main problem here is Yek [ an(¢pn) — an((/)s’“)}
concerned with finding a configuration for the series resonators
in rectangular waveguide that presents, with a sufficient acaliith
racy, a reactance versus frequency in the form of (1), at least in
a restricted frequency range. The impedance inverters are real- bpr =BprL = | —222 ) Ly,
ized, as usual, by quarter-wavelength waveguide sections. ¢
Let us first define a suitable frequency variable to be used in o (27 Fy sk

(2) for the present case ¢

F, = - f2. (10) L« is the stub length andis the light velocity.

It then has forz;,

I, is the waveguide frequency usually considered in waveguide )
filters design.f. is the cutoff frequency of the dominant mode tan(Psk) tan(@x) — tan(Ppx)

TE1o and f is the actual frequency (denormalized). Equation Yok [tan((/)pk) _ tan(d)sk)} [tan(d)k) — tan(¢sr)
(10) is used to transform the frequency specifications of the

13)
filter, given in the f domain, into new specifications in tte, wheregy, = (2rF,/c)Lx.

domain,.where the design procedure will be applied. If ¢n, ¢k, andes,, are close tor (that s for a narrow or mod-
Equation (1) then becomes erate frequency range), them(¢) = = — ¢ andz;, becomes
F,—F, .
oy = AL ——orh (11) tan?(gez ) Fy— Fypn
Fy—Fyon Ty = F—F7 (14)
Yek [tan(d)pk) - tan(d)sk)} g g,5k

whereAy, I, .., andFy ;. are the three parameters that char-

acterize the waveguide resonator in fiedomain. - which just reproduces (11) i, is derived from the following
The equivalent circuit for the proposed waveguide resonatcgauation:

is depicted in Fig. 4., represents the characteristic admittance

of the series-connected short-circuited stub (normalized to the tan?(¢o)

main waveguide)z,;, andb,;, are frequency-independent reac-

tive elements. Yok [tan(d)pk) - tan((/)sk)}

— A =0. (15)
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TABLE |
RESONATORSPARAMETERS OBTAINED FROM DESIGN (THE VALUES BETWEEN PARENTHESIS WEREOBTAINED AFTER OPTIMIZATION). THE LENGTH OF THETWO
WAVEGUIDE SECTIONS BETWEEN THERESONATORS ARE14.17AND 14.15 mm, RSPECTIVELY

L, (mm) ba L, (mm) by

Resonator 1 11.863 (11.866) | -2.31 (-2.34) | 7.0621 (7.045) | -2.026 (-1.889)
Resonator 2 12.627 (12.620) | -3.50 (-3.52) | 7.0455 (7.089) | -1.819 (-1.693)
Resonator 3 13.295 (13.298) | 6.939 (-6.98) | 7.0325 (7.062) | -0.847 (-0.8)

Once Ly is determinedp,; andz,; can also be computed 0
by means of (12) and the resonator is completely defined i _s
terms ofAy, F, %, andFy ... Note that the parametgr;, can
be arbitrarily assignedy(; determines the dimensions of the
waveguide sections that implement the series-connected stuk
This degree of freedom may be used to obtain a valugof  -20ggts
from (15) close to a half-wavelength at the center frequenc 28} v
of the filter passband in order to meet the assumptions on t \ yd
electrical lengths. N\

It can be observed that the proposed configuration of th -33%; 1
waveguide resonators is not suitable for a practical realizi .4g ,
tion; however, the series reactancgs, can be conveniently 5
transformed into equivalent shunt-connected susceptdnges ] ]
through two quarter-wavelength inverters (Fig. 5). As can b S0 140 14 141 14 142 14 143 14 144 14,
easily deduced, the numerical values$pf are equal tes,y. Frequency (GHz)

From a practical point-of-view, the series stubs and parallel
susceptancds,, are realized by means of cavities coupled to thigg. 6. Simulated frequency response of the test filter. Continuous curves
E-plane of the main rectangular waveguide with a suitable irio@pft?&ti(z)att?gnée&gn results. Dashed curves have been obtained after frequency
depending on the sign éf,. The other susceptandgs are im-
plemented as inductive or capacitive windows in the main wave-
guide cross section. Note that once the resonators are cascade
with the filter impedance inverters, the waveguide sections on
the right-hand side of each;. and the quarter-wavelength sec-
tions of the filter inverters combine into half-wavelength wave-
guide sections.

In conclusion, the design procedure for waveguide
single-sided filters can be summarized as follows.

1) The characteristic parametess,, I, ,x, and F} . of
each resonator are computed with (8) and (9), given the
following filter specifications: passband and stopband ex-
treme frequencies, number of resonators, maximum pass-
band attenuation [the frequencies have to be transformed
into the £, domain through (10)].

2) The susceptanceégy, bsx, and the lengthL;, of the stubs
in the equivalent circuit of the waveguide resonators are
computed through (12)—(15); the valuesypf are freely
selected, according to the previous observations. The design procedure proposed in this paper has been em-

3) Suitable waveguide discontinuities are selected to realiglvyed to design a pair of identical single-sided filters to be used
the susceptances; andb,y; their physical dimensions in a diplexer for a satellite transmission system in&he-band.
are computed using the available formulas and chartsThe filter electrical requirements are as follows:
from the literature [6]. passband 14.000 —14.235 GHz;

4) The lengthsL, of waveguide sections inside the res- stopband 14.273 -14.500 GHz;,
onators are computed at the frequendigs; the lengths ~ minimum return loss in passband 25 dB;
of the filter inverters are computed at the center of the minimum attenuation in stopband 25 dB.
filter passband. To satisfy the above specifications, at least three resonators

5) Suitable tuning elements, such as screws, should be paoe necessary. The parametéss L., b, andb,; obtained
vided near both the junction of the cavity stubs, whergy applying the design procedure as outlined in the previous
the discontinuity effects have to be compensated, anddactions are reported in Table .
the middle of the waveguide sections to allow small vari- The filter has been simulated using waveguide sections
ations of the equivalent length and impedance. (WR62) and frequency-invariant susceptances; the computed

Attenuation

Fig. 7. Overall diplexer. It includes two filters and twodybrids.

IV. DESIGN EXAMPLE
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REHZCE,‘bdéﬁR REF - .00 dB CHohdB/ REF + .00 dE riveq. Simulations z_ind experimentgl results fromfilter; actually
T realized have confirmed the effectiveness of the design proce-
dure.
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