JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 11 No 6, 06019(6pp) (2019)

ARYPHAJI HAHO- TA EJIEKTPOHHOI ®I3HKH
Tom 11 No 6, 06019(6cc) (2019)

Conceive a Filter by Engraving S Resonators to the Substrate Integrated Waveguide

A. Otmani®, N. Benmostefa, B. Rahali

STIC Laboratory, University Abou Bekr Belkaid, 13000 Tlemcen, Algeria

(Received 28 July 2019; revised manuscript received 05 December 2019; published online 25 December 2019)

In this paper, a bandpass filter in the hyperfrequency has been proposed by combining two planar
technologies. The first is the substrate integrated waveguide (SIW) and the second is the metamaterials.
For the latter, there are several forms, but in this work, we are interested in the S-shaped resonator.

A study is done to extract the equivalent circuit of different numbers of resonators add, which means
different orders of the filters. The structures designed are simulated in various programs such as ADS,
HFSS and CST for the validation of the results, which are perfect for the two selected frequency bands

[8.7, 13.4] GHz and [9.5, 15] GHz.
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1. INTRODUCTION

The substrate integrated waveguide (SIW) is a trans-
mission line used in microwave applications. As we know,
the volume technology like the waveguides has several
constraints, including its size, the integration with other
components and the cost of its manufacture [1].

For this, the scientists have opted for the planar
technology, which meets these constraints, they replace
the air with a substrate of permittivity & (which is a
dielectric material) [2].

Many devices have been fabricated based on these
techniques, like couplers, power dividers circulators and
filters [3].

The filters make it possible to select the desired fre-
quencies, to let them pass and reject the remains [4].
To add the filtering function to the SIW structure, sev-
eral methods are used such as the removal of metal
pieces from the upper metal plate; this operation is
called defective soil structures (DGS) [5]. If the refrac-
tive index n of these structures is negative, then they
are materials of left hand or metamaterial [6].

The term metamaterial refers to an artificial com-
posite material that has electromagnetic properties
that are not found in a natural material [7].

There are several known forms of metamaterial as
Fig. 2 shows.

In this article, we present a bandpass filter by im-
plement S-shape to SIW structure.
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Fig. 1 - General microstrip structure
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Fig. 2 — Split ring resonator (SRR) (a), complementary split
ring resonator (CSRR) (b)

2. METHOD
2.1 The Substrate Integrated Waveguide

SIW is a transmission line composed of two metal
plates, in the middle of them there is a substrate of
permittivity &-.

On both sides, there are two rows of via (which make
the difference between SIW structure and microstrip
line). These via guide the wave inside the structure and
do not let it out.

I d?
siw ch\/z 095pa

where f: is the cutoff frequency, c is the speed of light in
air, d is the diameter of the via and p is the distance
between two consecutive vias [1].

To adapt the impedance of SIW to that of the power
line, a structure called taper has been used, which has
several forms, including a cone [8].
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Fig. 3 — Schematic of the SIW structure

2.2 Metamaterial

The term metamaterial refers to an artificial com-
posite material; it has electromagnetic properties that
do not exist in a natural material [7].

In the domain of material physics and in particular
in electromagnetism, a homogeneous material such as
the dielectric or the conductor, can be characterized by
its constituent intrinsic parameters which are the per-
mittivity (¢) and the permeability (x), whereas for non-
homogeneous materials such as metamaterials, they
can be characterized by parameters called "effective",
which corresponds to an equivalent material [3]

Ry = \Eeff Hogy » 2

where &g is the effective permittivity and iy is the effec-
tive permeability.

Among the properties of metamaterials, a negative
refractive index which is required magnetic permeability
and, simultaneously, a negative electrical permittivity.

That means the trihedron formed by the vectors k,
E, H is inverted.

There are different types of metamaterials, but they
are usually composed of two parts: the substrate and the
resonators. The substrate corresponds to the base of the
metamaterial on which the resonators are placed. These
can be of different size and geometry depending on the
type of wave studied [6].

2.3 The S Resonator

Our objective in this work is to design a Chebyshev
band pass filter by implement complementary S reso-
nator to SIW structure.

Fig. 4 - Different dimensions of S metamaterial form

To determine the equivalent circuit of an SRR
structure, it is necessary to consider a series capaci-
tance for each interval in the metal (whatever the posi-
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tion of the interval). So, if we have two holes, two serial
abilities must be considered. In addition, the induct-
ance occurring due to the loops must also be taken into
account with a series inductor in the equivalent circuit
model [9].

For the case of a CSRR structure, the same behavior
is observed due to the duality theory. Therefore, the
procedure for obtaining the equivalent circuit model is
the same, but with a capacitance instead of inductance,
and an inductance instead of a capacitance in series for
each gap in the metal. Examples and different configu-
rations of this technique can be seen in [10].

Fig. 5 — The equivalent circuit of the S resonator

Note that, regardless of the configuration and the
equivalent model obtained, it is always possible to re-
duce it to an LC circuit in series or in parallel, like any
microstrip line
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BW is the band width (BW=f2—f1) and FBW is the
relative band width (FBW = (f2 — f1)/fv)), where fi, f2, fo
are respectively the lower cut-off frequency, the higher
cut-off frequency, the center frequency; g; are the ele-
ment values for Chebyshev low pass prototype filters, Z
is the impedance of the power line of 50 Q and n is the
number of resonators [3, 4].

3. FILTER DESIGN

In this article, we design two band pass filters of
two different orders 2 and 3 by adding different number
of the S metamaterial chaps to the SIW.

3.1 The Filter of Order 2

Before treating the combination of SIW and met-
amaterials, we study each structure alone to know its
response and its properties.

We started with designing SIW structure in the band
[8.7, 13.4] GHz. The substrate used is Roger Duroid 5880
of hsiw=0.787 mm, & =2.2 and tand=0.0009, which are
respectively its height, permittivity and loss tangent. This
substrate has the lowest loss tangent of all PTFE materi-
als (Polytetrafluoroethylene) and this makes it well
adapted for high frequency broadband applications.
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Knowing that, it is easy to cut it and shape it, be-
cause it resists to all solvents and reagents used in the
etching of the printed circuit.

Using the equation (1), we calculated the initial di-
mensions, which allowed us to draw 3D structure in the
HFSS (High Frequency Structure Simulator) program.
They are optimized for good transmission. The final
sizes are in Table 1.

The response shows that the reflection is less than
— 15 dB in the desired band.

Now, we pass to simulate the complementary S res-
onator.

The size in Table 2 was used to conceive our struc-
ture in HFSS, and its responses allow us to extract the
different electromagnetic parameters of this structure
(the effective permittivity &p, the effective permeability
1y and the effective refraction index).

Before designing our filter, we must first elaborate its
different properties that are called filter specification.

In this application, we have opted for this specifica-
tion. The filter type is Chebyshev, the center frequency is
fo=10.4 GHz with BW of 1.57 GHz and FBW = 15.09 %,
the number of resonators is n = 2 and finally the g val-
ues are gi=[1 1.0379 0.6746 1.5386].

The equations (3)-(5) allow us to calculate the various
parameters of the equivalent circuit.

Table 1 — The dimension of SIW in [8.7, 13.4] GHz

W w,

w Lo d | p
19541 | 5 | wx2| 0.8 | 1.8

12.9243 | 3.2

Table 2 — The dimension of S resonator

a b c
5 mm 3 mm 0.5 mm

S(i.j) (dB)

_30 —S(1,1) HFSS

——S(2,1) HFSS

9 10 1T 12 13
Frequency (GHz)

Fig. 6 — The response of SIW structure in [8.7, 13.4] GHz band

The circuit is conceived in ADS (Advanced Design
System v2016.01) (see Fig. 8).

Now, we insert two S resonators to the SIW struc-
ture. Due to this change in the SIW, its interior imped-
ance change too, that means the dimension of the tran-
sition change.

Fig. 9b shows the frequency response of the circuit
in ADS and the SIW structure, which is simulated with
two programs HFSS and CST (Microwave Studio Soft-
ware v2014.00) to validate the results.
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Fig. 7 - The frequency response (a), permittivity, permeability
and the refractive index of complementary S resonator (b)

Table 3 — Parameters of the electrical circuit

leq Ceq Zl Z2
0.1113nH | 2.1042 pF | 49.0793 Q | 40.3096 Q

Table 4 — 214 order filter dimensions

l

w t

t X1 Xy L L,

2.9983 5.9966 4.6 0.6 0.8 0.3

3.2 The Filter of Order 3

Now we will choose another filter in another fre-
quency range (see Fig. 11, Fig. 12, Fig. 13). The same
steps used to design the previous filter are as follows.

That means, we started by designing SIW structure
in the novel band [9.5, 15] GHz by using the same sub-
strate Roger Duroid 5880.

The new dimensions are in Table 5.

This structure is simulated in HFSS.

The Si1 parameter is less than — 16 dB in the de-
sired band.

We will pass to design our filter, for that we select
new specifications.

— Filter type: Chebyshev.

— The center frequency fo = 11.85 GHz.

— The band width BW = 2.2 GHz.

— The relative band width FBW = 18.56 %.
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Fig. 8 — The bandpass electrical circuit with ADS
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Fig. 10 — The response of SIW structure in [10.1, 15] GHz band

Table 6 — Parameters of the electrical circuit

S(ij) (dB)

leq Ceq Zl Z2
0.1304 nH 1.4556 pF 49.8495 Q 53.3138 Q
Table 7 — 3" order filter dimensions in millimeter
W, l, a b c
——5(1,1) ADS

——S(2,1) ADS 2.9983 5.9966 4.8 2.5 0.5

Frequency (GHz) 1 X2 Il IZ I3
0.35 1.65 0.4 0.4 1.1

b

Fig. 9 - SIW structure + two S resonators (a), the frequency
response (b)

— The number of resonators n = 3.

—The g values gi=[1 1.006 1.1438 1.006 1].

This specification allows us to calculate the equiva-
lent circuit.

Table 5 — The dimensions of SIW in [9.5, 15] GHz

w w

12.9243| 1.9541

w, L l d p
3.5 5 w*2 0.7 1.4

We insert three S resonators to the SIW structure.
The arrangement of S in the structure is shown in
Fig. 13a.

By using these sizes, we observe that our require-
ment is not respected, and that the reflection is under —
13 dB.
As a solution, we duplicate the shape of three resona-
tors with a distance between them of x3 = 0.6 mm.

4. DISCUSSION OF RESULTS

In this research, we focused on designing a band-
pass filter with planar technology by using the SIW
and the metamaterial in order to benefit advantages of
each one of them.

Among the existing forms of metamaterials, the
form S was selected and tested.

First, we study each structure alone. The SIW oper-
ates as a simple transmission line, the signal enters
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Fig. 11 — The bandpass electrical circuit with ADS
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Fig. 12 — SIW structure + three S resonators (a), the frequency
response (b)

through port 1 and exits port 2 without visible influen-
tial loss, with a reflection coefficient less than — 15 for
the two selected bands.

In the second step, we design the S metamaterial in
HFSS; the Sj parameter of the CSRR (Fig. 7a) reso-
nates at 12.7 GHz with a return loss equal to — 34 dB.

In Fig. 7b we clearly see when both the permittivity
and permeability are negative, the refraction index is
negative.

12 13
Frequency (GHz)

14

b

Fig. 13 - SIW structure + six S resonators (a), the frequency
response (b)

After these studies, we combine two S resonators with
the SIW structure. A Chebyshev bandpass filter of order 2
is obtained. The results are very good. Our specifications
are respected in terms of the center frequency, the band-
width and the number of the ripples (one ripple that
means two peaks corresponding to the order 2 (two reso-
nators)), and the reflection levels is less than — 19 dB.

Thereafter, we add three S resonators, the answers
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obtained are not satisfactory (the reflection is around —
13). As a solution, the three resonators are duplicated.

Table 8 — The parameters of the two simulations

15t simulation | 2nd simulation
Band width 1.75 GHz 2.2 GHz
Length of SIW 27 mm 29.4 mm
Width of SIW 14.5 mm 14.3 mm
The reflection —19dB —-19.1dB

The desired results have been achieved, and our
specifications are respected. A good compatibility is seen
between the responses, for both the electric circuit ADS
and that of the simulated structure in the two programs
HFSS and CST.
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CrBopenHsa (piabTpy 3a JOIIOMOIOI0 rpaBipyBaHHA S-pe30HATOPIB 0 XBUJIEBOAY,
IHTEerpoOBaHOTrO y MigKIAAKY

A. Otmani, N. Benmostefa, B. Rahali

STIC Laboratory, University Abou Bekr Belkaid, 13000 Tlemcen, Algeria

V¥ po6oTi 3aIIpONOHOBAHO CMYTOBUM (PLIBTP y TillepYacTOTHOMY JIAlas3oHl 32 PAXyHOK IOEIHAHHS TBOX
IIaHAPHUX TexHoJorik. [lepima TexHosoris — e XBHJIeBO, iHTerpoBaHuit y miariaaary (SIW), a mpyra —
meramarepiann. [[omo Mmeramarepiamis, icHye gekiabKa ix dopMm, ajie B poOOTI HAC IMIKABUTH S-IIOMIOHUHA pe-
3ouaTop. JlocmimpxeHHS IPOBOAUTRCS IS BUJIYYEHHS €KBIBAJIEHTHOI CXeMM 3 JOJAaBaHHAM PI3HOTO YMCIIa
Pe30HATOPIB, IO 03HAYa€e PI3HUHN MOPAIoK GuIbTPiB. CTBOPEH] CTPYKTYPH MOJEIIOIOTHCSI B PISHUX IIporpa-
max, takux sk ADS, HFSS ta CST mysa miarsepaxeHHS pe3yIbTaTiB, K1 171eaJIbHO ITIX0IATh JIJIs JIBOX BH-
Opanux mianasonis gacror [8,7; 13,4] [Ty ra [9,5; 15] I'Tn.

Kmouori cioea: Meramarepias, IarerpoBanmii y minkiaaky xsuiieBoy, Cmyrosuii ¢iiabTp, S-pe3oHaTop,

HFSS, CST, ADS.
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