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Abstract: Filter described in this paper is composed of two cavity resonator that formed by substrate integrated waveguide (SIW).

The filter is fed by coplanar waveguide with ground (CPWG) that provide 50 ohm input impedance in proposed filter. The proposed

filter bandwidth is from 8.6 to 9.2 GHz that this region of frequency have S21>-3dB and S11<-10dB.

INTRODUCTION:

Radio Frequency (RF) filters possess the properties of

frequency-selective transmission allowing energy to

transmit desirable bandwidths (passbands) and attenuate

undesirable bandwidths (stopbands). These microwave

filters are essential components for the front-end of today’s

communication systems. The current progression of

wireless communication technologies demand RF front-end

designs to have better performance, lower power, and a

more compact size. Conventional non-planar structures

such as the rectangular waveguide possess the advantage of

producing higher performing filters compared to planar

configurations due to their lower loss characteristics.

However, advantages of planar structures such as

microstrip and coplanar waveguide (CPW) filters relate to

a more compact size and lower manufacturing cost. The

substrate integrated waveguide (SIW) has recently been

developed to fill this performance gap by possessing the

advantages of both types of structures [1]. The basic

concept of the SIW merges waveguide cavities with planar

structures on a single dielectric high frequency material.

This is accomplished through rows of vias in a substrate

dielectric acting as the walls of a waveguide cavity. The top

and bottom metal layers of the high frequency PCB material

next form the upper and lower cavity walls, while planar

transmission lines provide RF input/output [2]. Tapered

transition regions are then placed between the planar

transmission lines and the top metal layer of each cavity,

completing the SIW structure [3]. Many applications are

attributed to the use of SIW structures. Depending on the

configuration, the SIW has been utilized for antenna arrays

[5]-[8] and slot antennas [9]-[11]. For RF circuit

applications, proper adjustment to the dimensions of SIW

transmission waveguides enable the development of

various linear phase shifters [12]-[13]. Additionally,

directional couplers [14]-[16], power divider/combiners

[17]-[19], and mixers/oscillators [20]-[22], all have been

realized through the use of different configurations of

multiple SIW cavities. The most researched application of

the SIW involves filter design. Various designs have been

implemented to help reduce the size of SIW filters even

further including folded substrate integrated waveguide

(FSIW) [23]-[24], half-mode substrate integrated

waveguide (HSIW)[25], and evanescent-mode SIW filters

[26]-[27]. In addition, SIW cavities have been employed to

produce higher quality filters compared to planar

configurations such as dual-mode SIW filters [29]-[30],

compact super-wide bandpass filters [31], and multilayered

substrate integrated waveguide (MSIW) filters [32].

Lastly, complete front-end systems regarded as system-

in/on-package (SiP/SoP) designs have recently been

developed with SIW structures such as an X-band receiver

with embedded MSIW filters [33] or a 60 GHz multi-chip

module receiver Chaving both an SIW antenna and an SIW

filter all on one substrate [34].

In this paper with using tow cavity resonator that made by

substrate integrated waveguide will presented. To feeding

each resonators of proposed filter are used of coplanar

waveguide with ground. The cavity resonators are placed in

over together and coupling between to resonator is helped

with a slot.
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F Configuration of proposed bandpass filter a)

multilayered view b) cavity resonator with parameters

(d 0.5, s 0.6, Wf 1, g 0.3, w 12, l 12, wslot .8, lslot 9,

Lf 7, t 6 and win 7.2; all unit are mm)

F  P   S :

The filter has been designed on Rogers 4003 with

electrical permittivity εr 3.55 and loss tangent tanσ 0.002,

the thickness of substrate is h 0.524mm.

The Filter is composed of two layers, one of layer over

another layer is placed. Each layer is composed of a

coplanar waveguide with ground (CPWG). In order to

achieve 50 ohm impedance feed line use from CPWG with

W 1mm and g 0.3mm. Each layer have a cavity resonator

with 12× 12 mm2. Between two layers of substrate in metal

of between two layers a slot with length of λg/2≅ 9 mm and

width of λg/20 ≅ .8 mm is embedded. Other parameters are

shown in figure 1.

R   

Substrate Integrated Waveguide (SIW) cavities follow the

same basic principles compared to conventional air-cavity

rectangular waveguides. Some key differences relate to the

dissimilar dielectrics of air versus a substrate material.

More care must be taken in order to design SIW cavities for

microwave applications. This is due to higher frequencies

being more sensitive to substrate losses versus a very low

loss air dielectric. Additionally, compared to conventional

3-D rectangular waveguides, thinner substrate dielectrics

prevent Transverse Magnetic (TM) modes to resonate.

Therefore, only Transverse Electric (TE) modes can

effectively propagate through SIW cavities [28].

Given the above distinctions, two primary design rules for

SIW cavities are next presented in order to exploit the same

modeling and design procedures for conventional

waveguides. These rules pertain to the diameter (d) of the

metal via posts emulating the waveguide side walls and the

via post spacing (s) [22-23]

d λg/5 1(a)

s ≤ 4d 1(b)

Disregarding these expressions creates too much leakage

loss for the via post SIW cavity side walls to perform as

conventional rectangular waveguide side walls. Figure 1(b)

depicts a single SIW cavity resonator with appropriately

labeled dimensions. Metal layers 1 and 2 create the top and

bottom terminations of the waveguide with via posts

generating the side wall terminations of the waveguide. The

following expressions provide the first resonant frequency

mode for the SIW cavity [31]

=
√

+ 2(a)

= −
.

, = −
.

2(b)

where f is the first resonant mode of the cavity, w and l are

the width and length of a single SIW cavity, d is the

diameter of the vias, and s is the via spacing (depicted in

Figure 1(b)). The expressions are only valid when equations

2(a) and 2(b) are upheld, enabling the via posts to function

as conventional rectangular waveguide side walls. These

single SIW cavity resonator dimensions are the basis for the

two-pole fixed filter design. Adjusting the dimensions of

these coupling window openings in the SIW cavities

provides the tuning needed to match coupling coefficients

and external quality factors extracted from full-wave

simulation to the calculated parameters.

Figure 2 depicts the return loss and insertion loss of the

bandpass filter, shown in Figures 1(a) and 1(b), developed

in this article. As show in figure 2 the pass band of proposed

filter is from 8.6 GHz to 9.2 GHz and minimum point of S11

is placed in 8.8 GHz with -30dB depth. Figure 3 shows the

contour map for the electric field distribution in the two

cavities. The polarization of the electric field drawn in this

figure is along the z-direction. In Figure 3, the operation

frequency is 8.8 GHz. From this figure, we may clearly see

that the resonant mode in both cavities is T 110; the

maximum field strength takes place around the middle of

the cavity. Since the aperture is opened at the position near

the maximum electric field, the energy can be significantly

coupled from the first cavity to the second one.

F Return loss and insertion loss of the bandpass

filter
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(b)

F Contour map for the electric field distribution

in the two cavities a)top layer b)bottom layer

CONCLUSION:

On roger 4003 was designed a bandpass filter with tow

cavity resonator. The cavity of resonator was consisted of

substrate integrated waveguide that the side walls of SIW

has been evoked the waveguide with high quality factor.

The input of cavity resonator is fed by 50 ohm input

impedance with CPWG feed line. Coupling between two

cavity resonators have been occurred by a slot with length

of λg/2 which this slot was matched with resonator

frequency and defined bandwidth of proposed filter. The

filter has bandwidth frequency from 8.6 to 9.2 GHz.
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