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Automated CAD of Coupled Resonator Filters
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Abstract—A gradient-based optimization technique along with a given electrical specification if the physical structure does not
a new definition of cost function is applied to the CAD of coupled permit it. In such a case, the optimization method will not con-
resonator filters. The topology of the structure is enforced at each verge to the desired solution. Numerical test showed that with
step of optimization and its physical dimensions are used as opti- e . . .
mization variables. The cost function is defined using location of the new (_jef|n|t|_on of the cost function, a starting point for a gra-
zeros and poles of the filter’s transfer and reflection functions. Nu-  dient optimization method can be chosen almost at random.
merical tests show that with the new definition of the cost func-  The efficiency of the new method is illustrated on three ex-
tion, the optimization process converges from an arbitrarily se- amples involving an all-pole filter and two band pass filters
lected starting point. This allows one to design filters even without with a finite number of transmission zeros and symmetric and

rough microwave synthesis which Ily provi initial dimen- - . .
arough microwave synthesis which usually provides initial dime asymmetric response. All filters were analyzed using the mode-

sens: ) o matching (MM) technique and optimized using the sequential
Index Terms—CAD, filters, optimization. quadratic programming (SQP) method available in Matlab Op-
timization Toolbox [9]. In all cases, only the transmission and

|. INTRODUCTION reflection functions were synthesized.

N RECENT years, several optimization-based techniques

and electromagnetic modeling of an entire structure have Il. COSTFUNCTION
been proposed for CAD of coupled resonator filters with a given Except for a constant scaling factor, each rational function
topology. Successful application of optimization as a CAD togd yniquely determined by the location of its poles and zeros.
depends on a suitable definition of cost function. One goqgh|culating poles ®;) as roots of the denominator and zeros

choice of the cost function is that of Ate al.[7] or Amari [5]. (7, as roots of the numerator of an ideal transfer function, the
The cost function is formed by calculating thg; andS2; of  ¢gst function is defined as follows

a structure at the edges of the passband and frequencies which

coincide with the location of transmission zeros and poles of M N
synthesized filtering functions. Alternatively [1], the coupling C = Z |Z! — Z;|* + |P! — P;|? (2)
matrix can be identified during the EM analysis and its devi- i=1 i=1

ation form the prototype used to formulate the cost function. ) ) ]
Both approaches yield excellent results [1], [8] provided th4{h€reXV is a number of poles) is a number of (prescribed)

the optimization is preceded by at least a rough filter synthe&ignsmission zeros, aris and?’/s are the zeros and poles of a
which serves as an initial guess. In fact, the synthesis in termd @fional function approximation df2 (w) for a filter being op-
inverters and electromagnetic characterization of key bui|di|’;§"zed' The positions of;s andP;’s are calculated for every
blocks is regarded as an indispensable step of successful fiicture created in the optimization cycle procedure by ap-
crowave filter design. This paper presents a new approachPfing the Cauchy method [4]. The Cauchy method is an inter-
CAD of coupled resonator filters which allows one to find phys20lation technique which assumes that the approximated func-
ical parameters of the filter with a given topology without an§ion 1S expressed as a ratio of two polynomials. The coeffi-
prior calculations of filter dimensions. A designer is required fg/eNts of these polynomials are found by applying the total least
specify the topology and a rational function which fulfills the fil-Sauares technique to solve the matrix equations involving the
tering requirements. A gradient-based optimization minimiz&@/ues of the function being approximated evaluated at a few
then the cost function involving only the roots of polynomial€0ints. Since the topology of the optimized filter is given, the
which define the filter’s transfer and reflection functions. Phyd@nks of the polynomials are known. Once the polynomial co-
ical dimensions of the structure are varied until zeros and pofcients in the numerator and denominator have been found,
of reflection and transmission functions reach the desired lo¢4® rooting of the polynomials yields;s andr’;s. After the op-
tions. Obviously, by this means, one cannot design a filter witnum is reached, the cost function is modified to
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TABLE I
RESULTS OFOPTIMIZATION. DUAL-MODE FILTERS WITH ASYMMETRIC
-10 AND SYMMETRIC RESPONSES
Asymmetric Symmetric

-20 X Lstr l Zopt Tstr l Zopt
T a1 | 10.10 | 10.153 9.027 9.784
%—30 ay | 40.00 | 46.338 | 27.270 29.932
N as | 10.20 | 10.593 | 10.602 10.146
—_40 ag | 19.01 | 25.174 | 31.052 30.340
@ as | 10.10 | 11.003 | 10.871 10.178
1 2.30 3.277 4.299 2.619
50 ; ] lo 19.03 | 26.142 | 28.645 28.631
. ,_%U.A_.azus__,f ___ U ls | 6.10 | 11.948 | 12.370 | 11.859
-60 Sk 1 l4 19.0 27.994 | 29.277 28.356
-——I, I—I‘ \—r—’ |———| L Is 2.10 4706 | 2.413 3.231

70 , . _" L_. Lk . s1 18.0 19.540 1.093 3.157
10 1 12  (GH2] 13 14 15 S3 4.40 7.291 5.107 2.774

waveguide dimensions:
82 = 81, 84 = 83

Tstr — starting values
Zopt — final values

All dimensions are in millimeters

a=19.05, b=9.525

Fig. 1. Scattering parameters of a three-resonator band-pass filter based on the
inductive irises after optimization (—) and before optimization).

TABLE |
RESULTS OFOPTIMIZATION. THREE-RESONATORH-PLANE FILTER
TABLE Il

iter | Tsir1 | Tstr2 | Tstrs ZLopt LES AND TRANSMISSION ZEROSL OCATION OF A DUAL-MODE FILTER WITH
Filt Po T Z L D M F Wi
a1 13.05 10.0 15.0 9.845 SYMMETRIC RESPONSEAFTER TRANSFORMATION TOL OW-PASSPROTOTYPE
az 13.05 | 10.0 15.0 6.795 . _
5 10.00 100 5.0 13918 [ Initial values | Final values
1s 10.00 | 10.0 15.0 14.632 Transmission | —0.6666 — j6.4667 | —0.2491 — 51.1797
waveguide dimensions: t=2, a=19.05, b=9.525 Reflection —0.2759 + ]:18‘643 —0.2475 + 311'1826
Tstrl, Totr2, Tstrs — starting points Poles —0.9231 —]3.8848 —0.7947 —20.5792
Topt — optimized values —0.1416 + j4.0696 | —0.8019 + 70.5802
All dimensions are in millimeters Transmission | +3.0837 + ;j26.560 +52.0028

Zeros +0.0209 — 79.0969 —452.0778

lll. RESULTS

Using the technique described above, we have designed se
eral filters with different filtering characteristics. In our tests,
we used a gradient-based optimization method available in tF
Matlab Optimization Toolbox [9] to investigate all-pole filters
as well as filters with symmetrically and asymmetrically lo-
cated transmission zeros. No synthesis other than the synthe 3 ~
of the transmission and reflection functions was performed. Th &
starting point for the optimization was chosen at random withir =_
certain limits which were regarded as constraints for the opti 2 -
mizer.

In this paper, we present the results for three filters in whict
the mode-matching technique was used as a tool for electr(
magnetic analysis. The optimization was performed using 4 :
modes and then the filter responses were re-computed using 1 -8 =07 708 108 11 111 112 113 114 115
modes.

The initial and final characteristics of the filters with sym-
metric and asymmetric responses are shown in Figs. 2 ancf 4
It is seen that, for starting values, the structures do not behave
as bandpass filters. As a result of optimization, bandpass char-
acteristics with transmission zeros at desired locations are olimber of function evaluations was about 700. This number in-
tained. As a first example, an all-pole three-resonator bandpaksles function evaluation needed to numerically compute gra-
filter based on thick inductive irises in a rectangular waveguidients. The number of function calls can, however, be reduced
was designed (Fig. 1). Three sets of initial guess and the sdhen stricter bounds are imposed on optimized variables. At
lutions reached from all three sets by the optimization methegch time the structure was analyzed at nine frequency points
are listed in Table I. Fig. 1 shows the initial characteristic calcspread uniformly in the desired passband. The transmission and
lated forz ;.1 and the characteristics after the optimization. Theflection coefficients calculated at these points were used as the

fIGHz1

2. Scattering parameters of the all-inductive dual-mode filter based on
angular waveguide after optimization (—) and before optimizatiot).(
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Finally, in order to illustrate the accuracy of the Cauchy
method the error norms defined by

e = || S8 w) - ST )

# s ) - e )| @

[2]

oF where 5™ and SC*"“"¥ denote scattering parameters ob-

= | tained by the MM technique and by the application of Cauchy
l Cla | [ T method, respectively, were calculated. For the dual-mode fil-
3312 : TL:—— ters with symmetric and asymmetric responses, the error norms
s At sl — computed in the vicinity of the passbands are egual - 104

‘ J '1 izllsprsa s and5.2 - 10~%, respectively.
_610046 1OI.7 10‘.8‘ 1(;.9 1‘1 11‘.1 11‘42 11‘,3 11\4 1.5
fIGHz1 IV. CONCLUSION

Fig. 3. Scattering parameters of the all-inductive dual-mode filter based onA new approach to the SytheS|S of th,e coupled resonator fil-

rectangular waveguide after optimization (—) and before optimizatiod.(  (€rS has been presented. Using constrained, gradient-based op-
timization technique together with a new definition of the cost
function, it is possible to design filters with a given topology

data for the Cauchy interpolation procedure. Total optimizatiagithout the need of synthesis of initial dimensions. Three cou-

time on a notebook equipped with the Intel 800-MHz processpled-resonator filters with symmetric and asymmetric character-

was 15 min in the Matlab environment. istics have been designed to show the validity and effectiveness

Next, two all-inductive dual-mode filters based on a rectamf the approach.

gular waveguide proposed by Guglieetial.[2] were designed.
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