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General Structure Description

The optimization example considered here is a six-resonator H-plane waveguide C-band filter.
The passband is from 5.4 GHz to 9 GHz. For this design a waveguide with a cross-section of
1.372 inches by 0.622 inches is used. The six resonators are separated by seven H-plane septa
(see Fig. 1). The symmetry of the dominant-mode field distribution is used and a perfect H
boundary is applied.

The filter was designed, manufactured and measured by Leo Young and M. Schiffman [1]. The
measurements show that the measured VSWR is dlightly larger than the predicted one. A direct
optimization is performed using HP HFSS to enhance the performance of thefilter.
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Fig. 1. The nominal geometry file.

Optimization Variables

The structure is symmetrical with respect to the central septum (the center of its length). There
are seven optimization variables. the four septa’ s widths and the three resonators' lengths. The
nominal project was built after the values reported in [1] and in [2]. Only half of the width of
each septum corresponds to the ¢ (i=1, .. ,4) in TABLE 1 because the symmetry of the structure
was used.



TABLE1

OPTIMIZATION VARIABLES: NOMINAL AND PERTURBED VALUES

nominal, inches perturbed, inches
cl 0.513 0.514
c2 0.479 0.480
c3 0.449 0.450
c4 0.435 0.436
1 0.626 0.630
12 0.653 0.660
13 0.674 0.680

The HP HFSS solution setup is shown in the following two figures, Fig. 2 and Fig. 3. The mesh
seeding is the default one.
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Fig. 2. Main Setup of the nominal project.
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Fig. 3. Refinement Options of the nominal project.




Direct Optimization Results

The frequency sweep before optimization is shown in Fig. 4.
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Fig. 4. |S11| response before optimization.




The optimization iteration report is shown in Fig. 5. The [S21| response after optimization isin
Fig 6.
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Fig. 5. Iteration report for direct optimization starting from the nominal set of values.
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Fig. 6. |S11| response after optimization, starting from the nominal set of values.



The Coar se M odel

This example was developed for the verification of aggressive space mapping algorithms, which
imply the existence of computationally fast coarse models. This particular structure can be
relatively easily modeled in terms of an equivalent circuit consisting of lumped inductances and
transmission line sections. The simulation of the obtained coarse model is computationally much
more efficient in comparison with a full electromagnetic simulation, e.g. using HP HFSS. The
equivalent circuit of the structurein Fig. LisshowninFig. 7.
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Fig. 7. Equivalent circuit of the six-resonator H-plane waveguide filter.

There are various approaches to calculate the equivalent inductive susceptance corresponding to
an H-plane septum (see Fig. 8). The simplest formulais provided by Smythe [3] and is a quasi-
static approximation:
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Fig. 8. Waveguide H-plane septum.

Each waveguide resonator corresponds to a piece of an idea transmission line characterized by
its characteristic impedance Yo and by its electrical length g (i=1,2,3). The characteristic
impedance Yy is equal to the guide wave impedance. The electrical length q; is proportional to
the physical length of the waveguide section I;:
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The OSA90 netlist file of the coar se modd!:

' Thu Cct 15 12:37:52 1998. Mnimax Optinmizer. 18 Iterations. 00:00: 00 CPU.
Expr essi on
MS11_SPEC = 0. 16;

| NVM = 25. 4;
V = 2.99792458E+11;

MU0 = 4*Pl*1E- 10;

EPSO = 1/(36*Pl)*1E- 12;
GAMVA = SQRT( MU0/ EPSO) ;

A =1.372*INM\M B = 0.622*| N\WM

CCl: ?0.5571117,
CC2: ?0.5232757,
CC3: ?0.5103657;
CC4: ?0.5084847;

c1
c3

2*CCL*I N C2
2*CC3*INwW 4

2* CC2* | NWM
2* CCA* | NWM

LL1: ?0.6330677;
LL2: ?0.653157?;
LL3: ?0.6753037;

L1 LL1*I NMM L2 = LL2*| NWM
L3 LL3* 1 NMM
LI O = 0. 7*1 NWM
! wave i npedance Z0 and wavel engt h LAVBDA
Fc=(1E-9*V)/ (2*A); ! GHz
Z0=GAMWW SQRT( 1- (Fc/ FREQ "2);
Y0=1/ Z0;
LAVMBDA=1/ SQRT( ( FREQ* 1E+9/ V) "2- (1] (2*A) ) "2);
I Susceptances (quasistatic, after Snythe)
ClA=Cl/ A; C2A=C2/ A; C3A=C3/ A; CAA=CA/ A,

B1l=- YO* (LAMBDA/ A) * (1+( 1/si n(PlI *C1A/ 2))"2)/ ((tan( Pl *C1A 2))"2);
B2=- YO* (LAMBDA/ A) * (1+( 1/si n( Pl *C2A/ 2) ) ~2)/ ((tan( Pl *C2A/ 2) ) "2);
B3=- YO* (LAMBDA/ A) * (1+( 1/si n( Pl *C3A/ 2) ) "~2)/ ((tan( Pl *C3A/ 2) ) "2);
B4=- YO* (LAMBDA/ A) * (1+( 1/si n(Pl *C4A/ 2) ) ~2)/ ((tan( Pl *CAA 2) ) "2);
I inductances (nano-henry)
LI 1=-1/(2.*Pl *FREQ*B1) ;
LI 2=-1/ (2. *Pl *FREQ*B2) ;
LI 3=-1/(2.*Pl *FREQ*B3) ;
LI 4=-1/(2.*Pl *FREQ*B4) ;
I electrical lengths of resonators/input lines (degrees)
THETA1=360. *L1/ LAVBDA,;
THETA2=360. * L2/ LANVBDA,;
THETA3=360. * L3/ LANVBDA,;
THETAI O=360. * LI O LAVBDA;
end
Model
M Z=70 E=THETAI O F=FREQ
D 1



end
Sweep

end
Spec

end

0 E=THETAl F=FREQ
0 E=THETA2 F=FREQ
0 E=THETA3 F=FREQ

0 E=THETA2 F=FREQ
0 E=THETAl F=FREQ

4—d4=-d4=-—d4=-—4—--4—=+
mzmzmzmZmzmzm
dekdekdvkdvkdekdoid
CoOoO~N~NOOOUGIUORARDRWWN
OCoOoOoOoO~NoOoOOmZTOoOUIOR~OW

Z
Z
Z
=70 E=THETA3 F= FREQ
Z
Z
Z

0 E=THETAI O F=FREQ

AC. FREQ from5.3GH#z to 5.34CGHz step=0.04GH
from5.4G+1 to 9GHz step=0.36CGHz
from9.46GHz to 9.5GHz step=0.04CGHz

M5 M5 _dB PS M511_dB Ms21_dB

{ XSWEEP X=FREQ Y=M511

SPEC=(from 5.4 to 9, < 0.16) &
(from5.3to 5.34, >0.34) &
(from9.46 to 9.5, > 0.34)};

{ XSVEEP X=FREQ Y=M511
SPEC=(from 5.4 to 9, < 0.16) &
(from4.5 to 5.34, > 0.34) &
(from9.46 to 10, >0.34)};

AC. FREQ from5.4GH# to 9GHz step=0.36CHz

M511l < 0. 16;

AC. FREQ from5.3GH#z to 5.34CGHz step=0.04GH
M511 > 0. 34;

AC. FREQ from 9.46CGHz to 9.5CGHz step=0.04GH

M1l > 0. 34;

I Report

!
|
!
l'end

Repor t

end

Ros=][
]${ $MS11$} $

Xos=[ $CC1$
$CcC2$
$CC3%
$CCA$
$LL1S
$LL2$
$LL3S;



Optimization of the coar se model

Before optimization (Fig. 9):
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Fig. 9. |Su1| response of the coarse model before optimization.



After optimization (Fig. 10):
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Fig. 10. |S11| response of the coarse model after optimization.
Multiple Minima
It was observed that the fine model converges to another minimum when the optimal coarse
model values of the optimization variables are used as a starting point. The obtained solution is
worse in comparison with the one which starts with initial values set equal to the design
presented in [1].

References

Leo Young and B. M. Schiffman, “ A Useful High-Pass Filter Design,” The Microwave Journal,
6, No 2, February 1963, pp. 78-80

G. L. Matthaei, L. Young, E. M. T. Jones, Microwave Filters, Impedance-Matching Networks,
and Coupling Structures, McGraw-Hill, New Y ork, 1964, pp. 545-547

W. R. Smythe, Satic and Dynamic Electricity, 2™ ed., McGraw-Hill, New Y ork, 1950

10



