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Abstract—A synthesis procedure, based on a distributed param- septa, etc. and more complex structures such as input/output
eter model, for the design of microwave filters is presented in this coaxial-waveguide transitions, or even composite junctions, as
paper. The frequency response of the filter is described in terms of in the case of multiplexer configurations. Starting from the de-
the characteristic polynomialT;, = S11/521 where S1; and Sz1  sired response and on the basis of this distributed model, the
are the scattering parameters of the filter. Starting from the desired gy nthesis procedure directly yields the scattering parameters of
polynomial T4, the design scheme directly yields the scattering o \ arioys discontinuities and the lengths of the resonators. The
parameters of the various junctions, which can be realized by any o416 is based on the properties of the elements of the trans-

kind of discontinuity. The capability of synthesizing an arbitrary S . ' T -
frequency response allows one to introduce the concept of a “pre- mission matrix of the filterZ>, = 511 /52 (i.e., the character-

distorted” characteristic polynomial in order to compensate forthe  iStic polynomial) andly; = 1/551, whereS1; andSs, are the
degradations caused by multimodal interactions, frequency dis- relevant scattering parameters.

persion, etc. Comparison with measured data of a Chebyshev-like ~ The method allows to synthesize an arbitrary frequency re-
eight-pole E-plane filter confirms the validity of the method also  sponse by suitably positioning th&; roots that correspond

in presence of losses. to the reflection zeros of the filter. This possibility becomes
very useful when the phenomena that at first are ignored in the
synthesis procedure cause significant effects. These phenomena
are: 1) the frequency dispersion of theparameters of the var-

ious discontinuities; 2) the multimodal interactions between dis-

|. INTRODUCTION continuities; and 3) the material losses. Their effects are gener-

HE desi £ mi d mill devi ally important in the following cases: filters with large band-
I esign of microwave and millimeter-wave devices rggiqi, - discontinuities with high excitation coefficients of the

quires more and more accurate synthesis procedures to ggknescent modes, input/output junctions with complex config-

isfy the increasingly stringent specifications of modern commuration (e.g., multiplexers with a rapidly varying frequency re-
nication systems [1]. In particular, as far as microwave filters agponse), and finally, when the insertion loss introduced by the
concerned, both in the past [2]-[9] and in recent years [10]-[13i]fer is significant. In order to find a way to compensate for the
a great effort has been devoted to the development of efficiglggradations produced by these phenomena, the complete de-
design procedures. sign process is phrased in the language of system theory. By

Most of the available synthesis techniques are based '®§ans of a system identification technique, the response to be
models that do not conveniently describe the physical behavnthesized is predistorted in such a way that the final full-wave
of the filter (as, e.g., in the case of low-pass prototype@ﬂaws's of the filter meets the specifications exactly.
Generally, the frequency response of the structure designed by
these techniques does not match the specifications so that a
numerical optimization process is necessary to obtain the final Il. EXTRACTION PROCEDURE

Conﬁguration of the filter. In recent timeS, the a.Va||ab|||ty of As far as the fundamental mode is Concerned,\fap0|e mi-
high-power computational resources has made this appro%:g/vave filter can be described by the equivalent two-port net-
Tk
e

Index Terms—Electromagnetic modal analysis, filter design, mi-
crowave filters, waveguide discontinuities.

possible and has lead to the development of computer-ai PRI (k) _ ; )
design (CAD) tools based on different methods, such as the. ShO\,:V.n Ir:‘tlzr:gktrl]g (kt' _'to’ Ng |skth_e12>j<\72.sct:st
mode-matching method [14]-[17], the adjoint network metho fing matrix o IScontinuity andx. (k =1, .) IS the
[18], and the space-mapping technique [19]. length of the m_odal transmission line W|th propagation constant
The synthesis technique presented in this paper, on the Céﬁa_correspond.mg to théth rgsonator. Differently from what_
trary, does not require any numerical optimization process b&as assumed in [20], the various resonators can be waveguides
cause it is based on an accurate model, where the discowiith different cross sections (rectangular, circular, coaxial, or
nuities are described by theff-parameters [20]. As is well with the same geometry, but with different dimensions). For this
known, anN-resonator waveguide filter can be seen as a cagason, the propagation constant of the fundamental waveguide
cade of/V 4 1 discontinuities interconnected by transmis- ode in each resonator is labeled with the indlex

sion lines corresponding to the fundamental waveguide mode cgnsider the transmission matrix of the discontinuity, de-
The N + 1 discontinuities can be irises, thick slots;plane fined as

) (k)
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Bu ( Breet Pk ) By From (6), itis easy to recognize that the elements of the trans-
o Iy & o < mission T?tnxT are N-degree polynomials in the complex
A I N i variablez~*. In particular,
lN l lk+1 lk ’ l1

N N
Ti1(z) = Z apz " Toi(z) = Z bz k. @)
Fig. 1. Two-port network equivalent circuit of a¥i-resonator filter. k=0 k=0
T>1 = S511/S21 is the characteristic polynomial of the filter,
| . : which efficiently describes the frequency response both in the
n the case of a reciprocal and lossless structure, this matrix .
) i passband (wher&; ~ S11) and in the stopband (whef@; ~
can be written as follows: : . .
1/551). It can be interpreted as the array factor of a linear dis-
) _ 1 /Sé’f) —Ség) /Sé’f) tribution of radiators or, alternatively, as the response of a dig-
- S(k)/S(k) _AS(k)/S(k) ital filter. According to the first interpretation, the filter reflec-
1L /72l 2 tion coefficient in the passband corresponds to the level of the
— ooty {1 O(H} [CSC Tk Ccob ’Yk:| [1 0 (H} secondary lobes of the array factor, whereas the maximum in-
0 o cobyp CSCYk | [0 —elPee sertion loss in the stopband corresponds to the main lobe level.
(2) According to the second interpretaticfy,; can be identified as
e ) e (&) the Z-transform of the impulse response of a finite-impulse re-
wherecos vi = [S11'| = [952' |, sin v = [S3,°], @ndéy;” are  gponse (FIR) digital filter. In both cases, well-established syn-
the phases of the scattering paramesgf$ andAS;¥ is the de-  thesis techniques can be used to obtain the desired array factor
terminant of$*). The length of the waveguides correspondinf21] or the FIR transfer function [22]. Once the polynonfial
to thekth cavity can be described by the following transmissiohas been defined according to the required specifications, an ex-

matrix: traction procedure is applied to determine the scattering matrix
of the various junctions.
T*) — Bkl [1 0 } ) 3 In order to carry out the extraction procedure, it is necessary
0 e 28k to know also the elemertt;; = 1/S,; of the transmission ma-

) o ) trix of the filter. For this purpose, one recalls that, in the case of
According to (2) and (3), the transmission matrix of the wholg reciprocal and lossless structure, the difference between the

filter can be expressed as follows: squared magnitudes @%; and7%; is one for|z| = 1, i.e., for
real values of frequency

N
1 r
_N/2 P I i) (0)
T==x eXP{J [2( 11 +¢22)+;¢k]} |T11(2))? =14 [Ty ()
[1 0 } { ﬁ [CSC% cot ,ykz—le—ju’;k:|} This relationship can be analytically continued in the whole

2 v

=1. 8)

zZ

complexz plane by noting that* = »~* on the circlgz| = 1.

jofs ‘ 2L :
0 ¢ oty escypzTen Hence, one obtains
cscyg  cotyg 1 0 + N + +
Psisabesid | Iy @ TG/ =1+ TR Ve ©)

On the basis of this equatiof}; (z) can be determined from a

specifiedZ»;1(z). It is, in fact, easy to recognize that tBev
roots of the left-hand side of (9) occur in paifey, 1/c5 },

z exp(jir) = —exp{j [2/3ka - (d)?fn + ¢§’;))} } (5) whereqy, are theN roots of the polynomiall;;. The identi-
fication of theay, is very simple noting that they are the poles

It is to be noted that the complex variabigs not a function of 51, (T“f t:h 1/fQE?|.?nd’ hque, I|$k:n3|de th.? c;rc|le| f:thl

of the indexk and its phase is related to the frequency throu cause of the stability condition. The magni Ude | orthe

the propagation constant. and the phases of the scatterin th degree coefficient can be determined by evaluating (9) at
(k) . . n arbitrary point, e.g., at = —1. As for its phase, it must be

parametersS;;”” of the junctions. Hence, the unknown phase ual o that of the coefficierity of the polynomiatZy, with

termse;, have been introduced in order to compensate for ttge same dearee. as ex Iainedr below poly =

different phase behavior of the resonators and to guarantee gree, P '

possibility of synthesizing arbitrary frequency responses, as v\{cillfen general, the deter_mlnatlon .Of eV roots of (9). IS per-
be explained later. ormed through numerical algorithms and the precision of the

Since only the amplitude of the transmission matrix elemen?gmputatmn must be increased as the magnitude range of the

is of interest, it is convenient to drop the phase factors in (4) aﬁla Itﬁloguzlczigll (cza)s?ag t:f;&;i?ﬂ;_1aw§rgizis'sﬂgyfveé' re-
to regard the following expression: P Y yp

sponses, the roots;, can be expressed in closed form. For a
1 1 e
T_ H cscyr  cotypz teIvr cscyy  cotyg
N o Leot o esc vz teT iV cotvo €scvo

} Butterworth-type response, where the reflection zeros (roots of
(6) _ Y
as the transmission matrix of the whole filter. ak = w1 —wy (10)

where the complex variable= exp(j6) is defined as

T»,) are all coincident at = —1, the roots off7; are
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where It is easy to prove that (9) implies the following relationship:

wg = sin % expl j (2k+1)7r ! NI *
k= 1 J ON ) N_ 0—1 . a7

_ W T\
withk =0, .-, N — 1. (11) N 0

Here,Af g is the—3-dB electrical bandwidth in radiants. Since the ratio (17) must be fef%}' and positive, the phaskof
Inthe case of a Chebyshev-type response, the reflection zefgst be chosen equal to thatig!, as previously stated. Under

are given by (10), where now this condition and because of (17), the second ratio of (16) al-
ways coincides with the first one.
o = Sin< Abp ) . OS{ (2k+ D7 } The procedure described can be repeated to obtai thpa-
4 2N ’ rameter of thé N — 1)th discontinuity as follows:
withk =0, ---, N -1 (12) (N—1]
|Si7 7| = cos yn—_1
and Afp is the Chebyshev electrical bandwidth. The corre- pIN—1]
sponding filter poles are still defined by (10), but with = h
0]
A6 2k + 1)w 1 _ [N] | [N]
wg = Sin< 4B> COS{ ( 2—;\7 ) —J I = ([31(\),18 yvey ~t [l}q IV, (18)
ag - — cos ynbg
. ln 1+v1- R } From this expression, the role played by the phase tegnin-
R ’ troduced in (5) appears clearly. Its value must in fact be chosen
withk =0, -, N —1 (13) so that the ratio (18) is real and positive. By iterating the pre-
vious steps, all the parameteys € [0, 7/2], (k =0, ---, N)
whereR is the maximum amplitude of the reflection coefficienand+,, (k = 1, ---, N) can be determined. Formally, the ex-
in the passband. traction scheme is as follows:
It is to be noted that, in order to compensate for the degra-
dation effects produced by the real behavior of the structure, p=N,-1
one has to synthesizg,; polynomials, which do not belong . pe!
to the previous special cases. Hence, the numerical solution of ‘511 =COS Y =
(9) becomes necessary in most practical cases, even if a Cheby- 0
shev-like response is ref?uired. ag“} — cos fyz,,b[(f1
Once the polynomialfflf‘r] andTQ[fq are determined (the su- vy = ARG — cos yyal?! + V!
perscrip N] has been added to emphasize that they refer to the P !
whole structure consisting df cavities), it is possible to start k=0,---,p—1
the extraction procedure, which leads to the determination of the G = csc o _ cot N pl7]
scattering parameters of thé+ 1 discontinuities. From (6), one k Pk Pok
can write the following relationship: plr 1t = [—Cot a4 csc wpb,%’il} el
i cscyy  cotyyzteden ] [Ty Y 14
TQ[]l\q |:C0t YN  CSC ’}/]\fz_le_ij:| TQ[JIV_H ( ) p=0 o
0 b
where the polynomialgly —* and 7Y~ correspond to the ‘SM‘ = Cos %0 = ﬁ'
structure consisting of the firs¥ — 1 cavities. By solving the 0

linear system (14), the following relationships are obtain

ed . : .
among the coefficients of the four polynomials involved: 'gs in all extraction procedures (see, e.g., [23]), particular at-

tention must be paid to the numerical implementation of the al-

a1 = escyyal™ — cotyyM withk=o0,..., ;N  gorithm. If the number of cavities increases and the bandwidth

[N—1] [N] IV T i decreases so that the range of the polynoffiialon the circle
by = [_C(’t YNG4y T+ CSC ’Vka+1} e |z] = 1 becomes large, roundoff errors can greatly affect the
withk =—-1,---, N — 1. (15) extraction procedure, especially in the case of the last cells. In

. . these cases, the use of multiple precision software may be nec-
Since the polynomials}} ' andz}; " are of degre&’—1 essary.
in the variablez~*, the coefﬁcientsz%f‘” andb[_]\;_” mustbe  In order to show the behavior of thg-parameters of the
zero. By enforcing these conditions, two relationships are olarious junctions as a function of the filter specifications, this
tained, both giving the magnitude 6%, for the Nth disconti- synthesis procedure has been applied to a five- and seven-pole
nuity Chebyshev-type response. Fig. 2(a) and (b) show the amplitude
(V] (V] of thg coeffici_ent§§'f) of _the various discontinuities versus the
= cos Yy = OGN _ bo_. (16) relative electrical bandwidth 65 /7 and for two levels of the re-

o gl turn loss in the passband: 20 dB (solid lines) and 30 dB (dashed
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where, for brevity, the following variable has been introduced:

1

onw) = 5 [¢5V () + 9ha(w)] (20)

the phase of the complex variaklés defined from (19) as
6 =7 +28(w)l — 2¢(w) — ¢ (21)

whereg(w), I, ¢(w), ands) are the mean values on the index
k of the corresponding quantitiék (w), Ix, ¢ (w), andyy, re-
spectively. In particular, the value bfs obtained by summing
the two values of expression (21) evaluate@dasandw,, where

w1 andw, are the angular frequencies of the two limits of the
passband, corresponding to the angle= = — Afg/2 and

62 = 7 + Afg/2, respectively,

I— P+ ¢(w2) + dwr)
Blwa) + Blwy)

As for the length of theith resonator, by equating (19)—(21),
one has

TRANSMISSION COEFFICIENTS (dB)

(22)

Bl st 50+ 3+
= 2
Br

where the quantities, ¢, 3, and¢, are the mean values of
the corresponding functionw), ¢(w), B (w), andg(w), re-
spectively, evaluated on the frequency intefual w-]. Finally,

the angular bandwidth 6 5, necessary to define the polynomial
T»1(2) that must be synthesized, is obtained by subtracting the
two values of (21) evaluated at andw,

Aby =2 [/3(w2) . /J(wl)}z . 2[¢(w2) . ¢(w1)}. (24)

(23)

TRANSMISSION COEFFICIENTS (dB)

i I i

~0.05 0:1 o.{s 0:2 o.;zs 03 0% 04 o045 o5 From this expression, it is clear that, for the definition of the
Af/w angular bandwidtiA@, the two valueg(w; ) and¢(w2) must
be estimated at the beginning of the synthesis procedure.

Fig. 2. Amplitude of the transmission coefﬁcielﬂé’{> of the discontinuities
in the case of a Chebyshev filter as a function of the relative bandwidth. Return I1l. COMPENSATION PROCEDURE
loss 20 dB: solid line. Return loss 30 dB: dashed line. (a) Five-pole filter: i)

S8 = 589 iy 5§20 = S5, and i) 5P = SIY . (b) Seven-P_ole filter: i) In some cases, the frequency dispersion of3hgarameters
st = s iy s® = 517 iy 51 = S, and )51 = S of the junctions, the multimodal interaction between them, the
different frequency behavior of the resonators, the losses, and
lines). As is to be expected, the transmission coefficients ime presence of otherfilters_inthe case_ofmultiplexerconfigura—
crease with the bandwidth and the return loss, and the largh@fs can produce degradation effects in the frequency response
are those of the input/output junctions. Note that in the case op&the filter such that the specifications are not completely satis-
Chebyshev-type response, the phase tebmare zero and the fn_ad. In order to compensgte for th_ese effects optlmlzapon tech-
filter is symmetric. nigues are generally applied. In this paper, an alternative proce-
In the case of lossy structures, where the correspondence &€, based onlinear system concepts, is proposed. Consider the
tween the amplitudes o1, andSs; does not hold, it is nec- Process consisting of the following steps: the e_xp.p_llcatlon of_the
essary to refer to the quantitjn v, = | Sé’f)| rather than to €Xxtraction procedure presented above, the definition of the filter
geometry, and the final full-wave analysis. At least in the band
f interest, this process can be viewed as a linear system where

As far as the computation of the length of the cavities al e input_ signal is the desirefh, curve and ‘h? output is the
the correspondence between electrical and angular bandwid %.obtalned by the full-wave analysis [see Fig. 3(a)]. On the

concerned, it is necessary to refer to the expression of the ph %r%f\ Ofizth'; ipow;—c?l;-v:jew, at;p:iﬂ'Stf rltlevt\j/" \E)olyrzlolw?l to bl(ie q
of the complex variable defined in (5). In particular, referring t ynihesized 1s obtained, so that the ILfl-wave analysis applie
the function o the new filter geometry satisfies the desired frequency re-

sponse [see Fig. 3(b)]. To illustrate this concept, let us refer to a
simple example of an equiripple four-pa&plane metal-insert
O =7 + 20k (w)ly — 2¢p(w) — i (19) filterin WR28 rectangular waveguide with central frequency 30

cos Y, = |S§’f)|. It will be shown in the following section that
the synthesis procedure also maintains its validity in this cas
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B(©) C©) T»; = 511/ 521 obtained by the full-wave analysis is, of course,
not a polynomial, but can be fitted, at least in the band of in-
o terest, with a polynomial with the same degi¥eas the goal
E> FULL-WAVE ANALYSIS [i> \A/Y/ B (Z)
POLYNOMIAL FITTING R S ]\T
0 0 2~ 0z) = Z ez, (26)
@ So1 =0
D(9) B(6) Now the Chebyshev polynomid®(z) and the fitting polyno-
mial C(z) are interpreted as the input and output signals of the
| exmacnox soceoues linear system of Fig. 3(a). Furthermore, it is worthwhile to ob-
w | ;f;iiﬁﬁ:f“m”‘ gy W serve that the sequences of the polynomial coefficights and
| PopviOMAL TG | {ex }, given in (25) and (26), can be interpreted as the discrete
é 7‘9 spectra of the periodic signa_l%(&) andC(0), respectively. As
®) a consequence, one can write
hkzck/l)k, Withk‘IO,---,N (27)

Fig. 3. Linear system interpretation of the synthesis-analysis process. (a)

Identification of the linear system. (b) Predistortion of the polynomial to be . . .
synthesized to obtain the desired frequency response. where the sequendg; } is the transfer function of the linear

system of Fig. 3 evaluated on the spectrum of the input and
output signals.

It is now possible to define a new input polynomiaX =)
(dash—dotted curve of Fig. 4 with coefficients that, in view of
(27), are given by

dk:bz/ck, WIthk‘IO,,N (28)

These coefficients define the input signal that must be synthe-
sized in order to obtai® () as output signal [see Fig. 3(b)].

As it appears from Fig. 4, this new polynomial can be viewed
as a predistorted input signal to compensate for the multimodal
interaction between the septa and frequency dispersion of their
S-parameters. Now, the extraction procedure is carried out
again, starting from this new input polynomiBX(z). The new

P : 151, computed by a full-wave analysis of the configuration
2 saa  mas 48 35 %2 4 %6 obtained directly by the synthesis procedure, satisfies the
FREQUENCY (GHz) specifications, as shown by the solid line in Fig. 4. In general,

Fig. 4. Design example of a Chebyshev four-pole filBs, = Sy1/50. the zeros ofD(z) can be placed anywhere in the complex

versus frequency corresponding to the various steps of the design. Chebystdlane. Hence, the possibility of synthesizing an arbitrary
polynomial (dashed line), full-wave analysis’ btep (dotted line), new frequency response assumes great importance. Thanks to this

E’S"gﬁgﬁmg' to be synthesized (dash-dotted line), full-wave analySistéd e cyliarity, if necessary, the whole process can be iterated. For
' example, this happens in the case of a multiplexer configuration

) . where each filter must be designed taking into account the load
GHz, bandwidth 800 MHz, return loss 30 dB, septum th'Clﬁroduced by the other filters.

ness 0.5 mm. As far as this filter configuration is concerned,
a number of papers have been published (see, e.qg., [24]-[27]).
Fig. 4 shows several plots of the paramefer corresponding

to the various steps of this technique. In particular, the dashedhe method presented in the previous section has been used
curve is the Chebyshev polynomial to design several filters. In the following, an example of real-

) ization of an equiripple eight-pol&-plane metal insert filter
N —k in a brass WR90 waveguide (insert thickness 0.52 mm) is de-
B(z) = Z b (25)  scribed. This kind of material was selected to emphasize the
k=0 degradations caused by losses. The bandwidth of 800 MHz is
to be synthesized, which satisfies the specifications. The dottahtered at 11 GHz, with a return loss of 25 dB. Starting from
curve showsl>; = S11/S52; computed by the full-wave anal-a Chebyshev polynomial to represéfit; (see dashed curve
ysis applied to the configuration obtained by the procedure pie-Fig. 5), the synthesis procedure yielded the following data:
viously presented. It is to be noted that this curve is close ¢ = {50.7778°, 19.9927°, 13.8806°, 12.7208°, 12.4859°},
the desired one, even if does not satisfy the bandwidth requiveith £ =0, ---, 4; v = yo_ With k =5, ---, 9andyy, =0
ment and equiripple conditions. This confirms the validity ofvith £ = 1, -- -, 8. The full-wave analysis of the structure se-
the extraction procedure proposed in this paper. The paramégéeted by this synthesis step and the linear system identification

Ty1, MAGNITUDE (dB)

IV. RESULTS
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Fig. 6. Eight-poleE-plane metal-insert WR90 waveguide filter designed by

Fig. 5. Design of an eight-pol&-plane metal-insert WR90 waveguide filter. trrg& synthesis procedure described in this paper. Measurements of the prototype

T>; polynomials to be synthesized. Chebyshev polynomial (dashed line) a - ; ; S !
predistorted polynomial (solid line). made of brass (dashed line). Full-wave analysis (solid line). The geometry is

reported in this paper.

of the whole process allowed us to define the predistorted poly 0

nomial7»; that had to be synthesized (Fig. 5, solid curve). Note
that this polynomial is significantly different from the nominal  -os}-
one. The central frequency is lowered, the bandwidth is slightly
reduced, and the passband reflection coefficient has reach
—17 dB.

The corresponding new data set obtained by this nev
synthesis step wasg, = {48.6337°, 19.1474°, 14.0873°,
13.0088°, 12.7972°}, with & = 0, -+, 4, v = 7o_ With
k = 5,9 andy, = {1.6558°, 2.2345°, 2.4179°, 2.4580°},
with & = 1, -+, 4; o5, = tg_j With &k = 5,.--, 8. One : : : ‘ : :
should note that this synthesis step yielded nonzero values « ... i 4o
;. to compensate for the different behavior of the phase o : : : :
the reflection coeﬁicient§£’f) of the septum discontinuities. L ; . . .
The geometry of the final configuration is as follows: septum %0 1oz 104 106 7108 #_ fi2 114 116 118 12
lengthss; = so = 1.083 mm, sy = ss = 6.609 mm, FREQUENGY (GH:)
s3 = s7 = 835l4 mm, sy = s¢ = 9.008 mm, and Fig. 7. Detail of the frequency response of Fig. 6. Measured (dashed line) and
s3 = 9.110 mm, and resonator lengths = Is = 11.515 mm, prediction (solid line). The geometry is reported in this paper.

b = 1; =11.529 mm, andi; = I, =[5 = lg = 11.527 mm.

Fig. 6 shows the full-wave analysis for this configuration (solifrocess allows one to also compensate for the degradation
line) and the measurements (dashed line) of the prototypgeduced by the losses. Fig. 7 shows in expanded scale the
The excellent agreement between the measured and predigigfhparison between predicted and measured data of the fre-
results confirms the Val|d|ty of the whole deSign prOCEdUre. guency response of F|g 6. The excellent agreement proves
The analysis is carried out by applying the method of mene accuracy of our design/analysis tool, also for the pre-
ments with weighted Gegenbauer polynomials as basis fuRfiction of the insertion losses.

tions to represent the aperture field distribution with the right
edge conditions. The projections of the basis functions onto
the modal sets is carried out in the spectral domain by ex-
ploiting the analytical knowledge of the Fourier transform The synthesis technique presented in this paper is based
of the basis functions. The material losses are taken into @t a scattering description of the various discontinuities that
count by introducing the relevant impedance boundary cocenstitute the filter. The generality of the method allows one
ditions in the moment-method application. In this way, th® synthesize arbitrary frequency responses. This fact is of
loss phenomena are accurately modeled. In particular, thébstantial importance because the use of a numerical opti-
extra losses produced by the reactive fields excited by th@zation process for the determination of the final config-
discontinuities are accounted for. It should be noted thafration can be avoided. The key point is the capability of
even though the synthesis procedure is based on the Bynthesizing a predistorted frequency response in order to
pothesis of lossless devices, the linear system identificatioompensate for the effects due to multimodal interactions,
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frequency dispersions, and losses. The comparison betwega] L. Q. Bui, D. Ball, and T. Itoh, “Broad-band millimeter-wavg-plane

measurements and predicted results confirms the validity of ~ Pandpass filters,[EEE Trans. Microwave Theory Teglvol. MTT-32,
pp. 16551658, Dec. 1984.

the approaqh also in the presence of IOSS(_':'S- This meth 515] R. Vahldieck, “Quasi-planar filters for millimeter-wave applications,”
can be applied as well to the design of multiplexers. In this  IEEE Trans. Microwave Theory Teghol. 37, pp. 324334, Feb. 1989.

case, the filter—multiplexer junction and the loads produced?6] J- Bomemann and F. Amdt, "Modal-matrix design of metal finned
waveguide components and its application to transformers and filters,”

by the other filters are included in the scattering matrix that  |Egg " Trans. Microwave Theory Teghwol. 40, pp. 1528-1537, July
describes the input/output discontinuity of the filter. 1992.
[27] D. Budimir, “Optimized E-plane bandpass filters with improved stop-
band performancefEEE Trans. Microwave Theory Teghol. 45, pp.
212-220, Feb. 1997.
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