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Computer-Aided Design of Evanescent Mode
Waveguide Bandpass Filter with

Nontouching 17-Plane Fins
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Abstract —This paper presents an efficient computer-aided design pro-

cedure for an evanescent mode wavegnide bandpass filter with nontoucfdng

E-plane fins. The design proeednre systematically ntilizes a look-rip table

containing the scattering parameters from differently dimensioned E-plane

fins. The main idea is to achieve an optimaf combination of the filter

parameters with proper selections of the E-plane fins from the look-rip

table and appropriate determinations of the other filter strnctnre elements

in order to satisfy the given filter specifications.

The technique of selecting the proper fin from the look-rip table is

explained. The relationship between the desired center frequency of the

filter and the approximate resonant frequency of the single fin in the table

is shown. Also, the relationship between each design parameter and the

filter characteristic is presented. Mean square error multiplied by the

selected weight fnnction in the range of 1.0 dB bandwidth is calculated to

obtain better optimized design parameters.

I. INTRODUCTION

T HE CHARACTERISTICS of the evanescent-mode

waveguide bandpass filter with nontouching E-plane

fins have been analyzed previously in [1] and [2]. However,

the reverse process, that is, a systematic way of designing

the filter with a given specification, is not available. In the

conventional design method, the analysis program of the

filter structure is iteratively used to obtain the design

parameters. This trial-and-error approach is not efficient,

and usually takes a large amount of time.

This paper introduces a CAD algorithm to design band-

pass filters with nontouching E-plane fins. The parameters

of the filter structure can be directly obtained from the

given specifications by using this algorithm. In this paper,

a design process of the bandpass filter with two E-plane

fins in the operating frequency range of the Ku-band

(26-41 GHz) is discussed. The equivalent ladder network

from the low-pass prototype is generally used for the

bandpass filter design [3]–[5]. However, this method is not
appropriate for our design purpose, since there is no

known relationship between equivalent circuit elements of

the fin and the dimensions of the fin. Instead, an approach

is established by introducing effective utilization of a look-
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Fig. 1. The structure of the filter with two nontouching E-plane fins.

up table which has the scattering parameters of a single fin

of specific dimensions. In this look-up table, the scattering

parameters from single fins of the specific dimensions are

arranged in the frequency range ‘of 26 to 41 GHz, In order

to increase the accuracy of the filter response calculation,

the spline-function interpolation is used to increase the

sampling points. An effective technique to utilize this

look-up table is one of the main topics in this paper. The

correlation between each design parameter and a certain

filter characteristic is discussed. Also, the technique of

selecting each design parameter of the filter is explained.

Then, the design process is discussed in detail. In this

process, an optimization technique is included. In this

technique, the value of the mean squared error multiplied

by the selected weight function in the range of 1.0 dB

bandwidth is calculated to obtain a filter response close to

the desired filter response.

To verify the design algorithm, a filter was designed to

obtain given specifications. The characteristics of the filter

fabricated according to the design were measured and

compared with the calculated filter characteristics.

II. STRUCTURE

As a model of the filter structure, the bandpass filter

structure with two E-plane fins, is shown in Fig. 1. This

filter structure consists of discontinuities of the step junc-

tion between the larger waveguide and the smaller wave-

guide, intervals between the step junction discontinuity
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Fig. 2. Filter structure and parameters. (a) Front view. (b) Cross-

sectionaf view. (c) Side view.

and the fin, and the interval between two fins. The key

element for this filter structure is the nontouching E-plane

fin, which is inserted in the middle of a waveguide parallel

to the E-plane as shown in Fig. 2. These elements, which

are responsible for the bandpass filter characteristics, act

as the capacitive elements. These E-plane fins are sup-

ported by a dielectric substrate with a dielectric constant

of 2.2 (Duroid substrate). The smaller rectangular wave-

guide shown in Fig. 2 is operated below its cutoff, so that

it is an evanescent and inductive element, while the larger

waveguide is operated above the cutoff frequency. The

design parameters are shown in Fig. 2. In order to simplify

the design problem, a symmetrical filter structure is pro-

posed. That is, the intervals between the step discontinuity

and the E-plane fin at the two sides of the smaller wave-

guide are the same as shown in Fig. 2 (TI = T3). The two

E-plane fins are also assumed to be identical. In this

paper, WR-28 waveguide is used for the larger waveguide,

and WR-12 is used for the smaller waveguide. Several

design parameters of the filter structure are fixed from the

selections of the larger waveguide and the smaller wave-

guide as shown in Fig. 2. Then, the determination of the

remaining filter parameters, Tl, T2, W, and H, is the

main topic of this paper, and is explained in the following

sections.

III. CALCULATION OF THE FILTER l?BSPONSE

The design of the filter is based on the generalized

scattering matrix concept, which was introduced by Mittra

and Pace [6]. The filter response is calculated by obtaining

the total scattering matrix of the filter structure. As the

first step, the scattering matrices for the double-step junc-

tion, the nontouching E-plane fins, and the evanescent-

mode waveguide sections are calculated. The scattering

matrices at the step junction discontinuities are repre-

(
S,l S,*’

s total =
~,1 S22’

)

Fig. 3. The calculation c,f the total scattering matrix of the filter.

sented as Sdl and Sd2, as shown in Fig. 3. Sf ~ and S’2 are

the scattering matrices of the two fins. The scattering

matrices for the waveguide sections are Stl, S12,and St3.

Each matrix representing the substructure is then ccm-

verted to the transfer matrix. These transfer parameters are

useful in calculating the overall scattering matrix for the

cascaded structures, because the output quantities of one

structure become the input quantities of the following one.

For a network of the type shown in Fig. 4, these parame-

ters are defined as [7]

(1)

These T parameters are not independent of the S paramet-

ers, and are expressed in terms of S parameters [7] as

follows:

Tll = l,LSZI

T12 = – S22/S21

T21= SL1/S21

T22 = SL2 – S1l * S;!2/S21 . (:2)

For a structure consisting of any number n of substruc-

tures, the overall T matrix is obtained by matrix multipli-

cations as follows:

[T]= [T1][T,]... [Tn]. (3)

Then, this overall T matrix is converted to the total

scattering matrix representing the filter response.

IV. DESIGN PROCEDURE

For a conventional method of filter design, the design

parameters are obtained by the iterative use of the analysis

program. Even with a computer, relying merely on repet i-
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tive computations to find the optimal design parameters

consumes a large amount of time. The following design

algorithm reduces the portion of the work relying on

repetitive computation by a considerable amount. This is

partly achieved by the effective and systematic utilization

of the so-called look-up table which consists of the scatter-

ing parameters from E-plane fins with different dimen-

sions. Also, a systematic design process is conducted. The

design approach is to first obtain a certain desired charac-

teristic by choosing a certain filter element affecting that

characteristic the most. Then, the other desired characteris-

tic is obtained by adjusting the parameter which most

sensitively affects that characteristic. Though each element

may affect almost all filter characteristics, finding out

which element is more sensitive to a certain filter charac-

teristic reduces the complexity of the design process. Also,

this leads to an effective design process.

In the following subsections, the effects of the design

parameters on the filter characteristics are discussed. Also,

the technique of selecting the design parameters is ex-

plained.

A. Selection of E-Plane Fins

The nontouching E-plane fins

capacitive elements, so that they

contain inductive

have influence on

and

the
ov&all filter characteristics. They are especially critical to

the center frequency of the filter. By the use of the full-wave

analysis program for single E-plane fins [2], the look-up

table of scattering parameters from E-plane fins with

different dimensions is constructed, as shown in Table I.

The data in this look-up table are very accurate as they are

based on the full-wave analysis. The table shows only the

fin index, the dimensions of the fins, and the approximate

resonant frequencies of each fin. However, in the actual

look-up table structure, each fin index is linked to the

scattering parameters of each fin at the sampling fre-

quency points in the frequency range from 26.0 to 41.0

GHz. The smaller the sampling interval, the more accurate

the calculated filter response. On the other hand, the

computation time is increased as more sampling points are

obtained. By considering these factors, a sampling interval

of 0.2 GHz is chosen as a compromise between the compu-

tation time and the precision of the calculated filter char-

acteristics. The single fins are grouped in such a way that

the searching control directly reaches into a small sub-

group of the data structure. For example, if the resonant

frequencies of E-plane fins are between 35.0 and 35.9

GI+z, the indices from 42 to 48 are assigned to the E-plane

fins which form one of subsets of the fins in the Table I.

Also, the single fins are arranged in order of increasing

resonant frequencies, so that the look-up table structure

allows an efficient and fast search for the optimal E-plane

‘fin.

First, a systematic way of selecting fins is established by

obtaining the search control parameter (RF) for the look-

up table. The optimal E-plane fin is then searched in the

look-up table by using this parameter. In order to obtain

this control parameter, the filter responses are calculated

by varying the structural parameters. From these results, a

relationship between the resonant frequency of a single fin

and the center frequency of the filter is obtained and is

shown in Fig, 5. Next, the search control parameter, RF,

which is the resonant frequency of the E-plane fin, is

found from the curve fitting equation derived from the

lowest graph in Fig. 5:

RF= 0.972 * CF + 1.628 (GHz) (4)

where CF is the desired center frequency. When the spe-

cific value of RF is calculated by using (4), the E-plane fin

of index (1) is selected in the look-up table such that

RECF(I-1) <RF< RECF(I) (5)

where RECF is the approximate resonant frequency of the

single fin in the look-up table, and (1) is the index of the

selected fin in the look-up table. Now, let us consider why

(5) is obtained. From Fig. 5, it is noticed that a certain

center frequency of the designed filter is obtained by using

the E-plane fin whose approximate resonant frequency is

higher than the center frequency of the designed filter. By

considering the design safety margin between the resonant

frequency of the selected E-plane fin and the center fre-

quency of the designed filter, (5) is obtained. As a result,

the resonant frequency of the E-plane fin selected by using

(5) is always higher than the value of RF.

As an example, let us consider the value of RF to be

35.4 GHz. The search then begins at the subset of the

E-plane fins whose indices are from 42 to 48. According to

the condition of (5), the E-plane fin of index 45 in Table I

is selected. Once the fin is selected, the dimensions of the

fin are found from the look-up table. If the desired filter

response cannot be obtained with the present fin selection,

the selection of the fin is varied systematically along the
vertical line as shown in Fig. 5.

B. Selection of TI

T1 is the interval between the step junction discontinu-

ity and the E-plane fin as shown in Fig. 2. The value of T1

mainly affects the center frequency and the ripple. As T1

increases, higher ripples and a higher center frequency are

obtained. Also, an increase of T1 narrows the bandwidth.

From Fig. 5, T1 is determined by the approximate equa-

tion depending on the selected E-plane fin with the index
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Fig. 5. Center frequency of the filter versus resonant frequency of the
selected E-plane fin.

C. The Selection of T2

T2 is the interval between two E-plane fins as shown in

Fig. 2. This parameter controls the magnitude of the ripple

and the bandwidth. As ‘T2 increases, a smaller ripple and a

narrower bandwidth are obtained. As a result, an increase

of T2 provides a trade-off between the ripple and the

bandwidth. This parameter is assigned after the other

design parameters are selected and is varied in discrtie

values in the algorithm. From the calculations using the

analysis program, it has been found that there is an

acceptable range of values of T2 in our operating fre-

quency range of 26.0 to 41.0 GHz. T2 is initially set as 2.0

mm and is increased in stepwise fashion.

D. Design Algorithm

In this subsection, the design algorithm is presented. l[n

previous subsections, the correlations between the desifp

parameters and the characteristics of the filter have been

explained. These correlations are incorporated into the

algorithm routines. The techniques in selecting the design

parameters, which were explained in previous subsections,

are applied to the design algorithm, Since the larger wave-

guide and the smaller waveguide are already determined,

the S parameters of the step junction discontinuity are

calculated only once and are fixed for the calculation of

the filter response.

The algorithm is briefly summarized in Fig. 6. The

computer algorithm starts at reading the desired specifica-

tions such as the center frequency and the bandwidth of

the filter. A ripple as small as possible is desired with the

given specifications of the center frequency and the band-

width. The main idea is first to choose the proper E-plarle

fins effectively and rapidly, so that the additional determi-
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nation of T1 and T2 will complete the filter design. At this

point, several aspects of the design are worth considering.

As shown in Fig. 5, there is a limited range of obtainable

center frequencies of the filter with the variation of T1

once the specific E-plane fins are selected. As an example,

if the given center frequency is 33.0 GHz, the selectable

range of resonant frequencies of the E-plane fins is from

33.8 to 36.0 GHz. As shown in Fig. 5, when the E-plane

fin has a resonant frequency higher than 36.0 GHz, the

filter characteristic is very flat. On the other hand, when

the resonant frequency of the selected fin is less than 33.5

GH, the ripple becomes larger. Also, it is found that there

is an obtainable range of characteristics in terms of the

ripple and the bandwidth once a specific E-plane fin is

selected. For example, the same center frequency can be

obtained when a fin of index 22 or 23 is selected. However,

the obtainable ranges of ripple and bandwidth by adjust-

ing other parameters, such as T1 and T2, are different for

E-plane fins of different index. This is explained by the

fact that a smaller value of T1 is found with a choice of an

E-plane fin of index 23 instead of 22 for the same center

frequency. As a result, lower ripple can be obtained with

an E-plane fin of index of 23 since the smaller value of T1

produces the lower ripple. Also, it is found that wider

bandwidth can be obtained with increased fin index when

the value of T2 is fixed. According to the desired center

frequency, the E-plane fins are selected as described previ-

ously. Then, the center frequency is tuned closely to the

desired center frequency by selecting the value of T1 by

(6). At this point, the value of T2 is initialized to 2.0 mm.

Once all the design parameters are selected, the total

scattering parameters are calculated. The algorithm calcu-

lates the bandwidth, the ripple, and the center frequency

along with the scattering parameters. At this stage, the

ripple and the bandwidth might need to be adjusted. Even

though the ripple can be controlled by the value of T2,

when the selection of the fin and T1 falls into the wrong

range, the characteristics are out of the range to satisfy the

specifications. In this case, the selection of the fin is

changed step by step with variations of the other parame-

ters along the line shown in Fig. 5.

The acceptable ripple is adjusted by increasing the value

of T2 step by step and is accomplished by loop 1 shown in

Fig. 6. In this process, the variation of T2 hardly affects

the center frequency, but as T2 is increased, the bandwidth

narrows. Consequently, as the ripple becomes lower, the

bandwidth might not be satisfied. When this process can-

not satisfy the ripple and the bandwidth simultaneously,

the index of the E-plane finis increased (loop 2 and loop 3

in Fig. 6). Then, the wider bandwidth of the filter is

initially obtained with the initial value of T2. Therefore,

the increase of the fin index results in an extended range of

bandwidth.

The above procedure results in a set of satisfactory

design parameters which produce a filter response close to

the desired one. In order to obtain the optimal design

parameters, two additional design steps are incorporated.

First, the number of sampling points is increased. In

forming the look-up table of the scattering parameters

+
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Fig. 6. Design atgorithm.

from the E-plane fins, the sampling interval of the fre-

quency is 0.2 GHz. As a result, the total scattering parame-

ters are calculated at each of the 76 frequency sampling

points from 26.0 to 41.0 GHz. This number of sampling

points affects the accuracy of the center frequency and the

bandwidth calculation of the designed filter. In order to

increase the calculation accuracy of the filter response,

interpolation by spline functions is used to increase the

number of frequency sampling points [8]. The number of

frequency sampling points is increased from 76 to 301, so

that the frequency sampling interval is changed from 0.2 to

0.05 GHz.

Next, the design parameters T1 and T2 are changed in

discrete values from the initially selected values of T1 and

T2. At this stage, the selection of E-plane fins is not

changed. As a result, several design parameter sets are

created. The values of the mean squared error ( MSE ) are

then calculated for the filter responses from each design

parameter set:

ff

MSE = ~((1.O– S12 (freq.)) * *2.0) * WF (7)
fi

WI’= (4000 .O–800.0* (CF–freq.) * *2.0) (8)

where S12 (freq.) is the insertion loss at the sampling
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Fig. 7. Weight function.

frequency, Y is the first 1 dB point, # is the second 1 dB

point, and WF is the weight function. S12 (freq.) is the

insertion loss of the obtained filter at the specified fre-

quency, freq. The weight function WF is shown in Fig. 7.

The emphasis of the weight ftmction is on the region

near the center frequency. By multiplying the weight func-

tion by the MSE, the result sensitively represents the

discrepancy between the calculated center frequency and

the desired center frequency. Also, it reflects the discrep-

ancy between the obtained insertion loss and the ideal

insertion loss from the specifications in the range of 1.0 dB

bandwidth region. The larger a ripple, the larger the value

of the MSE. In (7), the insertion loss is subtracted from

the insertion loss of 1.0, which assumes ideal bandpass

filter characteristics in the 1.0 dB bandwidth, as shown in

Fig. 7. After the values of the it4SE are calculated for each

design parameter set, these sets are sorted in increasing

order of their values of MSE. The design parameter set

with the smallest value of MSE has the closest filter

response to the desired filter response, so that this design

parameter set is selected as the final design.

V. RE5ULTS

The design algorithm was ~ested with the desired center

frequency of 33.0 GHz and a 1.0 dB bandwidth of 3.0

GHz. Fig. 8 shows the changes in the filter response for a

few intermediate steps in the design algorithm. In each

step, different parameters are selected as shown in Fig. 8.

In step 1, the center frequency was near the desired center

frequency while the bandwidth was narrower than the

desired one. Next, by increasing the fin index and choosing

corresponding values of T1 and T2, the bandwidth was

consistently increased until it became close to the specified

bandwidth. As the selected fins were changed, the possible

range of bandwidths with a reasonable value of ripple was

widened. Therefore, this algorithm selected new E-plane
fins if the desired bandwidth was not obtainable with the

reasonable ripple. Observing the variations of the filter

responses from step 1 to step 4, we noticed that the center

frequency in each step is close to the desired center fre-

quency, 33.0 GHz. But the bandwidth and the ripple were

varied in each step depending on the selected fin and the

values of T1 and T2. This is from the fact that the center

20
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Fig. 9. Comparison between the calculated and the experimental results

of the designed filter response. (a) Return loss. (b) Insertion loss.
(c) Extended view of insertion loss.

frequency was first focused in this design process lby

choosing the right combination of the E-plane fin and T1.

After a few steps, the final parameters are determined, and

the final filter response is obtained as shown in Fig. 9. The

height of the fin is 1.20 mm, and the width of the fin is

0.68 mm. The interval between the step junction disconti-
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nuity of the waveguide and the E-plane fin is 0.259 mm

Also, the interval between the E-plane fins is 2.500 mm

The characteristics of the evanescent mode filter con-

structed with these parameters have been measured. The

result from the design algorithm is compared and verified

with the experimental result, as shown in Fig. 9. The

calculated center frequency of the designed filter is 32.9

GHz and the experimental value is 32.8 GHz. The calcu-

lated filter bandwidth is 2.90 GHz, and the experimental

value is 2.80 GHz. It is observed that the given specifica-

tions are satisfied by the calculated filter characteristics,

and the design is verified by the experimental results of the

designed filter.

VI. CONCLUSION

In this paper, a design algorithm for the evanescent

mode waveguide bandpass filter with nontouching E-plane

fins has been presented. This algorithm is not a conven-

tional optimization algorithm, which depends mainly on

repetitive computations for obtaining the design parame-

ters. This algorithm is based on the effective and system-

atic utilization of a look-up table of the scattering parame-

ters from the E-plane fins. Also, it incorporates the corre-

lations between the design parameters and the characteris-

tics of the filter into the routines. By using this algorithm,

all the filter parameters are directly obtained from the

given specifications of the center frequency and the band-

width of the filters. This algorithm is verified by compar-

ing the characteristics of the designed filter with the exper-

imental results. The characteristics of the designed filter

are satisfied with the given specifications.
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