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ABSTRACT: A novel configuration of interdigital bandpass filter based
on the substrate integrated waveguide (SIW) technology is proposed. In
addition to the interdigital resonators in SIW that determine the main

response/characteristics of the filter, narrowing the width of the SIW at
the center of the filter and additional vias at its input and output parts

act as two additional control mechanisms to achieve the desired filter
response. Moreover, dumbbells are etched to the ground side of the
microstrip feeding sections at both ends of the filter to improve its har-

monic suppression. A prototype filter is designed and fabricated for verifi-
cation. The measured results are in good agreement with the simulations,

and the filter exhibits very good harmonic suppression. VC 2015 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 57:66–69, 2015; View this

article online at wileyonlinelibrary.com. DOI 10.1002/mop.28782
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monic suppression

1. INTRODUCTION

Combline and interdigital type bandpass filters (BPFs) have

been widely used in various microwave and millimeter wave

applications due to their compactness, good stopband and selec-

tivity performance, and relative ease of integration [1,2].Con-

versely, the substrate integrated waveguide (SIW) technology,

formed using two linear arrays of metal vias embedded in a

dielectric substrate to connect two metal plates (and hence,

forming the electric sidewalls of the waveguide), has been pro-

ven to be useful to design compact size, high performance, low-

cost integrated waveguide filters [3–9]. Therefore, realization of

SIW-based combline and interdigital BPFs are important and

can meet the stringent filtering requirements of recent wireless

communication and radar applications [10].

Recently, capacitive posts are integrated within SIW cavities

[11,12] to realize combline resonators in SIW technology, which

are then used to design an X-band SIW-based combline BPF in

[13]. In this article, similar resonators to the ones presented in

[13] are used to design a novel SIW-based interdigital BPF,

where each resonator is configured reversely with respect to the

adjacent one within the SIW cavity (and hence, forms interdigi-

tal type SIW resonators). These interdigital SIW resonators

determine the main response of the filter. However, two addi-

tional control mechanisms, namely, narrowing the width of the

SIW at the middle of the filter and use of additional vias at its

input and output parts, are introduced to achieve the desired fil-

ter response. Moreover, dumbbells are etched to the ground side

of the microstrip feeding at both ends of the filter to improve its

harmonic suppression. A third-order prototype BPF with a cen-

ter frequency of 9 GHz and a 500 MHz bandwidth is designed

and fabricated for verification. The measured results are in good

agreement with the simulations, and the filter exhibits very good

harmonic suppression with its compact size.

In Section 2, the design of the SIW-based interdigital BPF is

given together with simulations supported by measurement

results. Section 3 provides a detailed discussion on the improve-

ments of the filter’s harmonic suppression accompanied by the

experimental results of the final design.

2. FILTER DESIGN

The structure of the proposed SIW-based interdigital filter,

which uses a tapered microstrip-to-SIW transition at both its

input and output ports, is shown in Figure 1 together with a pic-

ture of the fabricated prototype. After determining the width of

the SIW (as), diameter of the vias (d), and center-to-center sepa-

ration between the vias (p) along the longitudinal direction using

the empirical design equations given in [3], a combline type res-

onator, similar to the one presented in [13] and shown in Figure

2 is designed, which forms the main building block of the filter.

This resonator is formed from a metallic via short-circuited at

the bottom metallization and open-ended with a cap (a metallic

disk) at the top metallization. The radius of the cap mainly

determines the upper cutoff frequency (f u
c ) of the passband. As

its radius increases, the f u
c shifts to a lower frequency, and vice

versa. An annular gap (see Fig. 2) is introduced on the top metal

to separate the cap from the rest of the metallization establishing

a capacitance between the cap and the metallization of the SIW

through the fringing fields. Its size should be as small as possi-

ble to minimize potential radiation losses and is determined by

the fabrication capability of our facility, which is 0.254 mm.

The order of the filter is determined from the number of the

resonators, and because an interdigital type filter is designed,

each resonator is configured reversely with respect to the
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adjacent one. For example, for a third-order filter shown in Fig-

ure 1, the cap of the middle resonator (i.e., the second resonator)

together with the corresponding annular gap are on the top

metallic surface of the SIW whereas the caps of the left and

right resonators (i.e., the first and the third resonators) together

with their corresponding annular gaps are on the bottom (i.e.,

ground) metallic surface of the filter. Note that combline and

interdigital filters are symmetric. Therefore, again referring to

the third-order filter depicted in Figure 1, the dimensions of the

left and right resonators and their center-to-center distance from

the middle resonator are the same. Two important design issues

related to the proposed filter must be empasized at this point.

First, the center-to-center distance between the resonators

mainly affects the bandwidth of the filter (the larger the separa-

tion, the smaller the bandwidth, and vice versa). Second, during

the initial design the cap radii of all the resonators are selected

to be the same. However, to improve the matching, the cap

radius of the middle resonator is adjusted (slightly different) at

the fine-tuning stage of the final design.

Apart from the resonators, two additional control mecha-

nisms, namely, narrowing the width of the SIW at the middle of

the filter and use of additional vias at its input and output parts,

are introduced to achieve the desired filter response. In addition

to providing an extra control on the bandwidth and on the center

frequency (f0) of the fiter, these mechanisms help to establish a

good matching as well as to obtain a symmetric filter response.

The first additional control mechanism is to narrow the width

of the filter at its middle along the longitudinal direction as seen

in Figure 1, where a1 indicates the new width of the middle part

of the filter. It affects the lower cutoff frequency (f 1
c ) of the

passband in such a way that a decrease in a1 moves f 1
c toward

the higher frequency side, and vice versa. Additionally, it

improves the matching within the passband.

The second additional control mechanism is to introduce

overall four additional vias at the input and output sides of the

filter (two at one side and two at the other side) as shown in

Figure 1. At each side, the two additional vias are aligned with

the first/last vias of the SIW’s wall and the separation between

these two vias is a2. These additional vias (and hence, the size

of a2) improves the lower frequency suppression, thereby estab-

lishing a symmetric filter response. Besides, they have an influ-

ence on the matching of the filter as well. Hence, the separation

a2 is optimized for the best matching.

For the third-order design shown in Figure 1, using CST

MWS and making use of [14], the unloaded Q-factor of a single

resonator is calculated approximately 290 at 9 GHz including

dielectric and conductor losses.

Rogers TMM10i that has a thickness of 0.635 mm, er 5 9.8 and

loss tangent 0.002 (at 10 GHz) is used for the fabrication of the

proposed filter, and copper is used for its conducting parts. The

dimensions of the third-order fabricated prototype filter, shown in

Figure 1, together with its tapered microstrip-to-SIW transition are

given in Table 1. All metallic vias have standard diameter of

0.4 mm, and the center-to-center distance between two successive

vias is 0.711 mm. Finally, the width of the 50 X line is 0.56 mm

and the gap width of each annular gap around the cap is 0.254 mm

(as mentioned before). The fabricated filter is placed in a box to

minimize radiation effects, and is measured using Southwest Micro-

wave’s end-launch SMA connectors due to their easy integration

and low loss around the operating frequency of 9 GHz. Figure 3

shows the comparison of measured and simulated S-parameters

(i.e., S11 and S21) results. Good agreement is obtained in the results.

However, the measured 2 dB insertion loss is higher than that of

simulated which is 1.3 dB. The 0.7 dB difference in the insertion

loss can be attributed to the connector losses, as well as some

unpredicted losses due to materials used to construct the prototype.

3. HARMONIC SUPPRESSION AND FINAL DESIGN

One problem with the design is that the filter exhibits a higher

order harmonic around 13.5 GHz (i.e., 1.5 f0) as shown in Fig-

ure 4. Therefore, three dumbbell shaped slots (DSS) are intro-

duced to the ground side of the microstrip line feeding sections

Figure 1 The structure of the proposed filter together with its fabri-

cated prototype. (a) Top surface, (b) bottom surface, and (c) top and bot-

tom surfaces of the fabricated prototype. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]

Figure 2 Single resonator in the SIW. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]

TABLE 1 Dimensions of the Prototype Filter Shown in
Figure 1

Parameter Length (mm) Parameter Length (mm)

wt 2.54 lt 8.382

d1 2.807 d2 2.743

a1 5.69 a2 4.978

as 7.214 l1 2.54
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at both ends of the filter to suppress this harmonic. All dumb-

bells are identical, and each dumbbell has two square-shaped

heads (length of which is labeled with h) separated by a long

slot with a length L and width w as shown in Figure 5. The size

of the dumbbell heads (i.e., h) affects the matching, the length

of the long slot (separating the heads and labeled as L) deter-

mines the frequency to be suppressed, and the separation

between the dumbbells is optimized for the best performance.

Note that with a single and/or two dumbbells at each side, the

matching is not sufficient. Conversely, making use of more

dumbbells increases the complexity of the design resulting

higher loss. Figure 6 shows the top and bottom surfaces of the

final design, a photograph of the fabricated third-order SIW-

based interdigital filter in the presence of the DSS (on the

ground side of the microstrip feeding section at both ends) for

the final dimensions given in Table 2 together with the box in

which the final prototype is placed. Figure 7 shows the compari-

son of measured and simulated S11 and S21 results for the final

design depicted in Figure 6 whereas Figure 8 illustrates the

effect of the DSS on the higher order harmonic around

13.5 GHz by comparing the measured S-parameters of the proto-

type filters depicted in Figure 1 (without DSS) and Figure 6

(with DSS). As seen from the measurement results, the har-

monic at 13.5 GHz is suppressed more than 30 dB with still

maintaining a good matching at the operating frequency of

9 GHz with a 500 MHz bandwith. However, it should be noted

that the length of the transtions is increased as a consequence of

the dumbbells resulting an additional 0.3 dB insertion loss com-

pared to the same design without the dumbbells.

Figure 3 Simulated and measured S-parameter results for the third-

order prototype filter depicted in Figure 1. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com]

Figure 4 Harmonic response for the third-order prototype filter

depicted in Figure 1. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]

Figure 5 Parameters of the three DSS etched to the ground. [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.

com]

Figure 6 The final structure of the proposed filter together with its

fabricated prototype. (a) Top surface, (b) bottom surface, (c) top and

bottom surfaces of the fabricated prototype, (d) the box (used in meas-

urements) in which the filter, shown in (c), is placed. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.

com]
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4. CONCLUSION

A novel SIW-based interdigital BPF is presented. In addition to

the interdigital SIW resonators, two additional control mecha-

nisms, namely narrowing the width of the SIW at the middle of

filter and use of additional vias at its input and output sides, are

introduced to achieve the desired response. The proposed struc-

ture is verified with a fabricated prototype which exhibits good

filtering properties and good harmonic suppression due to the

DSS etched to the ground side of the microstrip line feeding

section at both ends of the filter.
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ABSTRACT: This article presents the results of a compact modified tri-
angular CPW-fed antenna that exhibits multioctave performance. This
modification significantly improves the antenna’s impedance bandwidth

by 198% over an ultra-wideband (UWB) frequency range from 3.06 to
35 GHz. The return-loss (S11) performance over this frequency range is

designed to be better than 210 dB. These characteristics make the pro-
posed antenna an excellent candidate for numerous UWB applications
and next generation communication systems. The key physical parame-

ters affecting the antenna’s frequency characteristics have also been

TABLE 2 Dimensions of the Final Prototype Filter with Dumb-
bell DGS Etched

Parameter Length (mm) Parameter Length (mm)

wt 2.54 lt 8.382

d1 2.807 d2 2.743

a1 5.69 a2 4.978

as 7.214 l1 2.54

L 3.556 g 1.32

h 0.508 w 0.254

Figure 7 Simulated and measured S-parameter results for the final third-

order prototype filter with DSS depicted in Figure 6. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 8 Measured harmonic performance of the third-order prototype

filters with and without DSS. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]
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