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A COARSE MODEL FOR A WAVEGUIDE H-PLANE FILTER
JW. Bandler, M.H. Bakr and N. Georgieva

Abstract

An equivalent circuit for a waveguide H-plane filter is developed in this work. This equivalent
circuit can be applied as a coarse model in the highly efficient Hybrid Aggressive Space Mapping
(HASM) optimization agorithm, whenever a design of a rectangular waveguide structure containing H-
plane septa is carried out. This coarse modd is based on empirical formulas suggested by Marcuvitz,
which give very good approximation of avariety of classical waveguide discontinuities. It isfast, ssmple
and can be easily implemented in any commercia circuit simulator. The optimization of the coarse

model is discussed and its optimal design is compared with the simulation results provided by HP HFSS.
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I.INTRODUCTION

Waveguide technology has long traditions in building a variety of passive devices, such asfilters,
impedance transformers, power dividers, couplers, etc. Many of these structures involve classical
discontinuities, which have been well studied, such as H-plane and E-plane septa, waveguide junctions, T-
junctions, bends, apertures, etc. An excellent source of models and empirical formulas regarding
waveguide passive structuresis[1].

A test example has been developed based on a waveguide filter, which was designed,
manufactured and measured by Y oung and Schiffman [2]. The design was entirely done using empirical
formulas. The measurements reported in [2] show that the measured VSWR is dlightly larger than the
predicted one, but, generally, the design isin very good agreement with the expectations of the designers.
The nominal project was built after the values reported in [2] and in [3]. We verified this design with a
HP HFSS [4] simulation. The HP HFSS simulation also shows that the nominal structure slightly violates
the specifications.

We have built an equivalent circuit, which models the waveguide filter with acceptable accuracy

and can be used as a coarse model in the Hybrid Aggressive Space Mapping (HASM) [5] algorithm.

1. STRUCTURE DESCRIPTION AND DESIGN SPECIFICATIONS

A waveguide with a cross-section of 1.372 inches by 0.622 inches is used for this design. The six
resonators are separated by seven H-plane septa. This filter is designed to provide a very wide passband

in the C-band frequency range. The design specifications are as follows:

ISul £ 0.16, for 5.4 GHz £ f £ 9GHz (1)
ISu| 3 0.32, for f £ 5.34GHz 2
ISl 0.32, for 2 9.46GHz ®3)



The nominal project of the HP HFSS model is shown in Fig. 1. Note that the symmetry of the
dominant-mode field distribution is used and a perfect H boundary (magnetic wall) is applied. Thus, only
half of the structure is discretized, which reduces the CPU-time required for a fine-model frequency
sweep almost in half.

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
geometrical dimensions correspond to the notations in Fig. 2. Nomina values of the optimization
parameters are given in Table | together with the perturbed values used for the geometry capture of the

fine model.

1. THE COARSE MODEL

This particular structure is relatively easy to model in terms of an equivalent circuit consisting of
lumped inductances and dispersive transmission-line sections. The simulation of the coarse modd is
computationally much more efficient in comparison with a full-wave electromagnetic simulation, e.g., HP
HFSS simulation. The equivalent circuit of the structure in Fig. 2 is shown in Fig. 3. The lumped
inductances represent the H-plane septa, while the transmission-line sections represent the waveguide
sections between any two septa.  The characteristic impedance of these lines is taken equal to the wave
impedance of the rectangular waveguide, which depends on the frequency. The equivalent circuit of Fig.
3 was implemented and optimized in OSA90/hope [6].

There are various approaches to calcul ate the equivalent inductive susceptance corresponding to a
H-plane septum (see Fig. 2). The simplest formula is provided by Smythe [7]. It is a quasi-static

approximation:
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Herel 4 denotes the guide wavelength. For the dominant mode
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where ¢ denotes the speed of light in free space and f is the frequency. Y, denotes the wave admittance of
the rectangular waveguide, Yo=1/Z,.
A more accurate model is provided in [1], Paragraph 5-2. The following approximate relations

were implemented:

W, o€ W, 67U :
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W =a- W
As explained in [1], the above approximations have their validity limits. These limits have to be taken
into account when the range of perturbations of the septa widths is expected to be wide. Here, only one
major limitation will be stated. The model isvalid for awavelength range specified by

(2/3)a<l <2a (8)
Each waveguide resonator corresponds to a portion of an idea transmission line characterized by its
characteristic admittance Y, and by its electrical length ¢ (i=1,2,3). The characteristic impedance,

Zo=1/Y,, is equal to the waveguide impedance. The electrical length q; is proportiona to the physical

length of the waveguide section |; as

|.
(o} =360|—' , deg 9)
9

Sincel g isfrequency dependent, the electrical length g; also depends on the frequency.



IV.OPTIMIZATION OF THE COARSE MODEL
The starting values for the optimization of the coarse model are taken equal to the values
suggested in [2, 3]. These values are given in the first column of Tablell. The [Sy| response of the coarse
model at the starting point is shownin Fig. 4.
The iteration report for the minimax optimization shows that the design is successfully optimized
with an error of approximately —0.05 (see Fig. 5). The optimal parameter values are given in the second

column of TableIl. The |Sy| response of the optimal coarse model design is shownin Fig. 6.

V. ADDITIONAL NOTES

Direct optimization using HP HFSS HP and Empipe3D was carried out starting from the nominal
values given in Table |, which correspond to the design presented in [2]. 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]. This means that the problem has multiple minima.

The optimal solution to the coarse model problem depends slightly on the number of frequency
points used in the discrete sweep. Generdly, the more the frequency points in the sweep, the more

reliable the design should be.
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TABLE
NOMINAL AND PERTURBED VALUES
OF THE DESIGNABLE PARAMTERS
OF THE FINE MODEL

Parameter Nominal Value Perturbed Value
W, 0.513 0.514
W, 0.479 0.480
W, 0.449 0.450
W, 0.435 0.436
Ly 0.626 0.630
L, 0.653 0.660
L3 0.674 0.680

All values arein inches

TABLE I
NOMINAL AND OPTIMIZED VALUES
OF THE DESIGNABLE PARAMETERS

OF THE COARSE MODEL
Parameter Nominal Vaue Optimized Value
W, 0.513 0.556455
W, 0.479 0.527037
W; 0.449 0.510853
W, 0.435 0.506619
Ly 0.626 0.648785
L, 0.653 0.658020
Ls 0.674 0.674779

All values arein inches




SR HP HFSS - [wafilter_0]

@ Project  Model Material: Boundaries Solve  Post Define  Objectz Window Help _|ﬁ||_|
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Fig. 1. The nominal geometry file of the fine model (HP HFSS simulation).

2a=1.372, inches
b =0.622, inches

Fig. 2. General geometry of the H-plane six-section waveguide filter.
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Fig. 3. Equivalent circuit of the six-resonator H-plane waveguide filter.

0SA90_v4.0-2 — wyfilter_c.ckt

USER DEFIMED WIEW
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Fig. 4. The coarse model response before optimization.



Iteratiaon 1999 Max Error=0,839374
Iteratiaon 2,999 Max Error=0,839317
Iteration 2,999 Max Error=0,23%9c02
Iteration 4999 Max Error=0,232087
Iteration 54999 Max Error=0,773233
Iteration 6999 Max Error=0,32%9:13
Iteration 77999 Max Error=0,815308
Iteration 27999 Max Error=0,16179
Iteration 97999 Max Error=0,24235
Iteration 107999 Max Error=0,0838157
Iteration 11999 Max Error=0,0763176
Iteration 127999 Max Error=0,0590662
Iteration 137999 Max Error=0,0372137
Iteration 147999 Max Evror=0,0108481
Iteration 157999 Max Evrror=-0,0130176
Iteration 16-999 Max Evror=-0,0111877
Iteration 177999 Max Evrror=-0,0205702
Iteration 187999 Max Evrror=—-0,023937
Iteration 197999 Max Evrror=-0,0277145
Iteration 20999 Max Evrror=-0,03129:2
Iteration 21999 Max Error=-0,0363764d
Iteration 22999 Max Error=-0,0466412
Iteration 237999 Max Error=-0,0452041
d Iteration 24999 Max Error=-0,047986
|l Iteration 25999 Max Error=-0,0483164
|| Iteration 264393 Max Error=-0,04341Z28
| Iteration 277999 Max Error=-0,0439244
Iteration 28,999 Max Error=-0,0439273
Solution Max Error=-0,0489273

0SA90_v4.0-2 — wyfilter_c.ckt

Learn: records keystrokesz to create a macro file <F1> Help
0SA90> File Dizplay Optimize Macro Sensitivity montelCarlo

Fig. 5. Theiteration report for the optimization of the coarse model of the H-plane waveguide filter.
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05A890_v4.0-2 — wyfilter_c.ckt
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Fig. 6. The optimal coarse model response.
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APPENDI X

The Coarse Model of the Waveguide Filter: OSA90 Netlist File

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

| NWM = 25. 4;

V = 2.99792458E+11;

MU0 = 4*Pl *1E- 10;

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

A= 1.372*I NMM B = 0. 622* NMM
I Septa half-widths in inches

CCl: ?0.5571117?;

CC2: ?0.5232757?;

CC3: ?0.5103657?;

CC4: ?0.5084847;

c1
G

2*CCL*I N MM C2
2*CC3*I N\ C4

2* CC2* | N
2* CCA* | NwM

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

L1 LL1*I NMM L2 = LL2*I NWM
L3 LL3*1 NvMm
LI O = 0. 7*1 NWM
I wave inpedance Z0 and wavel ength LANMBDA
Fc=(1E-9*V)/ (2*A); | CHz
Z0=GAMM SQRT( 1- (Fc/ FREQ "2);
Y0=1/ Z0;
LAMBDA=1/ SQRT( ( FREQ* 1E+9/ V) "2- (1/ (2*A) ) "2);
I Susceptances (quasistatic, after Smythe)
ClA=Cl/ A; C2A=C2/ A; C3A=C3/ A; CAA=CA/ A;

Bl=- YO* (LAMBDA/ A) * (1+( 1/si n(PI *CLA/ 2))"~2)/ ((tan( Pl *CLA 2))"2);
B2=- YO* (LAMBDA/ A) * (1+( 1/si n(PI *C2A/ 2))~2)/ ((tan( Pl *C2A/ 2))"2);
B3=- YO* ( LAMBDA/ A) * (1+( 1/ si n(PI *C3A/ 2))"2)/ ((tan( Pl *C3A/ 2))"2);
B4=- YO* (LAMBDA/ A) * (1+( 1/si n(PI *C4A/ 2) ) *2)/ ((tan( Pl *C4A/ 2) ) "2);
I inductances (nano-henry)
LI 1=-1/ (2. *Pl *FREQ*B1) ;
Ll 2=-1/ (2. *Pl * FREQ*B2) ;
LI 3=-1/(2.*Pl *FREQ*B3) ;
Ll 4=-1/(2.*Pl *FREQ*B4) ;
I electrical Iengths of resonators/input |ines (degrees)
THETA1=360. * L1/ LAVBDA;
THETA2=360. * L2/ LAVBDA;
THETA3=360. * L3/ LAVBDA,
THETAI O=360. * LI O LAVBDA;
end
Model
TEM 1 2 0 0 Z=Z0 E=THETAI O F=FREQ,
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IND 2 0 L=LI1Z,
TEM 2 3 0 0 Z=Z0 E=THETAl F=FREQ
IND 3 O L=LIZ;
TEM 3 4 0 0 Z=Z20 E=THETA2 F=FREQ
IND 4 0 L=LI3;
TEM 4 5 0 0 Z=Z0 E=THETA3 F=FREQ
IND 5 0 L=LI4;
TEM S5 6 0 0 Z=Z20 E=THETA3 F=FREQ
IND 6 O L=LI3;
TEM 6 7 0 0 Z=Z20 E=THETA2 F=FREQ
IND 7 0 L=LI2;
TEM 7 8 0 0 Z=Z20 E=THETAl F=FREQ
IND 8 O L=LI1Z1;
TEM 8 9 0 0 Z=Z0 E=THETAI O F=FREQ

PORT 1 0 R=Z0;
PORT 9 0 R=Z0;

CIRCU T;
M5 dB[2,2] =if (M5 >0) (20 * |10oglO(Ms)) else (NAN);
MS11l dB = Ms dB[ 1, 1];
Ms21 _dB = Ms_dB[ 2, 1];

end

Sweep

AC. FREQ from 5.3GHz to 5.34GHz step=0.04GHz
from5.4GH to 9GHz step=0.36GHz
from9.46GHz to 9.5GHz step=0.04CGHz

M5 M5_dB PS MS11 dB MS21 dB

{ XSWEEP X=FREQ Y=MS511

SPEC=(from5.4 to 9, < 0.16) &
(from5.3to0 5.34, >0.34) &
(from9.46 to 9.5, > 0.34)};

end
Spec
AC. FREQ from5.4GHz to 9GHz step=0.36CGHz
MS811 < 0. 16;
AC. FREQ from 5.3GHz to 5.34GHz step=0.04GHz
M511 > 0. 34;
AC. FREQ from 9.46CGHz to 9.5GHz step=0.04GH
MS11 > 0. 34;
end
Report
Xos=[ $CC1$
$CC2%
$CC3%
$CC4S$
$LL1S
$LL2S
$LL3S] ;
end
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