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Abstract. This paper shows designed coupler on paper-substrate with Substrate Integrated Waveguide
(SIW) techniques. Types of paper-substrate that used are photographic paper. The rectangular coupler is
presented with Substrate Integrated Waveguide (SIW) which metallic via on paper-substrate. The structures
of the coupler are designed and analysed using Computer Simulation Tools (CST) Studio Suite 2014
Software. This designed coupler operating within frequency of 3.8-5 GHz. The paper-based substrates are
permits the implementation of green materials (Eco-friendly) technology. The design of the coupler and its

simulated results are reported in this paper.

1 Introduction

Nowadays, there are huge interest with a new emerged
technology known as Substrate Integrated Waveguide
(SIW) in communication systems [l]. Substrate
Integrated Waveguide (SIW) functions as a bridge
technology which combines metallic waveguide and
planar  circuits. Integrated Waveguide Subject
Technology (SIW) is also called as laminate-waveguide
where it has the advantage to prevent leakage of
electromagnetic waves by using metallic via holes [2,3].

The rectangular waveguide is widely used in
communications systems due to increases of Q-factor
and increases of power. However, the key challenges of
this issues is that they are not eco-friendly and
environmentally friendly to be implemented in
microwave and communications systems especially for
IoT applications and life-quality [2,4,5]. The paper
substrate is the ideal choice as it is easily accessible,
flexible and requires a simple fabrication process [6].
The implementation of paper-based (organic substrate)
in electronic components is carried out without the need
for etching and the use of chemical acids as opposed to
inorganic substances that are hazardous to humans [7].
Paper substrate is suitable for wireless on body network
and biomedical applications [7]. Moreover, the basic
microstrip lines are easy to design and implement but the
drawback it has a high loss radiation [5-8].

The conventional LTCC and PCB technology has
increased the pollution impact due to the process of
chemical etching and metallization on both surfaces [9
1,[4]. This substance is significantly unsuitable for the
environment because the fabrication process uses acids,
heavy metals and non-recyclable substrates [10,11].
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Thus, the Substrate Integrated Waveguide (SIW)
supports the frequency in Transmission Lines (TL)
which provides better frequency performance on low
substrate dielectric permittivity.

Then, the geometry of Substrate Integrated
Waveguide (SIW) structure is not affected and
influenced by the dielectric loss. In fact, energy leakage
occurs because of the distance (gap) between metallic
via [11][13]-[16]. In addition, the advantages of
Substrate Integrated Waveguide (SIW) to the
performance of electronic system is that it produces
compact, flexible and small-sized designs, reducing
radiation loss, enhancing power capability and Q-factor
system.

The review of previous works of Substrate Integrated
Waveguide (SIW) using paper substrate was studied. For
example in [5], a half-mode Substrate Integrated
Waveguide (SIW) transmission line implemented on
paper substrate was presented, indicating that the
simulated and measured results of the insertion loss are
2.8 dB at 4 GHz. In turn in [7], the designed bandpass
filter was demonstrated at 5 GHz with a insertion loss of
5dB.

In this paper, Substrate Integrated Waveguide (SIW)
using paper substrate is investigated within operating
frequency range of 3.8-5 GHz. There are few types of
paper substrates that are commercially available in the
market including watercolour paper, raw paper and
photographic paper. A watercolour paper substrate is
commercially available at a thickness of 0.30 mm, with a
tangent loss of 0.045 and the dielectric constant of 2.09.
A raw paper substrate is commercially available at a
thickness of 0.35 mm, has a tangent loss of 0.037 and
dielectric constant of 2.11. The photographic paper
substrate is commercially available at a thickness of 0.69
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mm, with a tangent loss of 0.044 and a dielectric
constant of 2.35. In this paper, the photographic paper
substrate is used in the coupler design because the
substrate loss in SIW is dependent on the substrate
thickness; the thicker the substrate, the better the
insertion loss. The design is accomplished using
Computer Simulation Tools (CST) software.

2 Design Techniques
2.1 The configuration of Substrate Integrated
Waveguide (SIW) cavity

The configuration of SIW transmission lines is
illustrated in Fig. 1.

Fig. 1. Basic Structure of Substrate Integrated Waveguide
(SIW) [14]

The waveguide substrate are covered with two metal
(high conductivity) surfaces on top and bottom to let the
propagation of all TE, modes [15]. The two silver
epoxy holes are placed on the side line of the rectangular
waveguide that functions to prevent and reduce signal
leakage. Both metal posts are set symmetrically in order
to control the signal flow. Two extra silver epoxy posts
that set in every port act as reflection cancelling
elements by varying the sections of Substrate Integrated
Waveguide (SIW) [14]. Via hole must be shorted to both
planes in order to provide vertical current paths,
otherwise the propagation characteristics of SIW will be
significantly degraded [14].

2.2 SIW Coupler’s Design

The configuration and parameter dimensions of
SIW coupler are shown in Fig. 2.
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Fig. 2. Configuration of SIW Coupler (a) Top view (b) Side
view

As depicted in Fig. 2, the coupling is obtained by
two narrow apertures in the common broadside wall of
two adjacent SIWs. To accomplish such coupling ratio,
Port 1 is defined as the input port, Port 2 as the through
port, Port 3 as the coupled port and Port 4 as the isolated
port. The transition between SIWs and microstrip line is
realized using microstrip taper to match both electrical
and magnetic field distributions between the two medias
[14].

In this paper, the proposed coupler is designed on
photographic paper substrate materials where the metal
(conductive) used is copper as a ground plane and
metallic via holes. The relative dielectric constant () of
the photographic paper is 2.35, thickness (h) is 0.69 mm
and loss tangent (tan ) is 0.044.

The effective width (Wer ) and effective length
(Lesr) of the Substrate Integrated Waveguide (SIW)
cavity shown in Fig. 1 can be determined using
expression (1) and (2).

d2
wWooo=W— (D
& 0.95s
d2
L — 2)
& 0.95s

Where,
W and L are the width and length of Substrate Integrated
Waveguide (SIW) cavity.

Fig. 3 illustrates the two of SIW cavity design main
parameters, diameter of metallic via holes (d) and the
gap distance between via holes (s).

Fig. 3. Via holes SIW cavity’s design parameters[11]
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For SIW cavity designs, conditions expressed in (3) and
(4) must be followed.

g<le 3

5
s <4d 4)

Where,
2, = 27 ®)
£ Qnf) 7,
B )
C w

fis the frequency
c is the speed of light

The ratio of d/p is important in order to inhibits
leakage loss in SIW, which applicable range is 0.5< d/p
<0.8 [17]. Then, the width of SIW can be defined by
expression (6) and (7) [14]:
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The configuration of SIW to microstrip transition
is shown in Fig. 4.
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Fig. 4. Basic Geometry of microstrip line and tapered
microstrip

The transition between SIW and microstrip
basically comprises of tapered microstrip line
interconnected with microstrip-waveguide with different
width [4]. A tapered microstrip line is important to
match the SIW with 50Q transmission lines impedance.
By following the guidelines given in [18][19], the initial
value of tapered width (;) and tapered length (L¢)
shown in Fig. 4 are determined [9][19] using expression

(8) to (11).
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Where,

Ay =21 e, (10)
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Table 1 shows the optimized dimensions of the
SIW coupler.

Table 1. Dimensions of Coupler

Parameters Descriptions Dimensions (mm)
L The length of substrate 150.00
w The width of substrate 40.00
d Diameter of circular via 3.175
p Pitch of circular via 5.175
Wt Width of microstrip 13
taper
Lt Length of microstrip 13.6
taper
Waperture Width of aperture 42.39
Wiiw Width of siw 27.52
Wo Width of microstrip line 4
3 Results

The final overall dimensions of the SIW coupler are 150
mm x 40 mm. Fig. 5 shows the simulated results of the
proposed SIW coupler. The reflection coefficient, S11
and isolation, S41 are better than 10dB for the frequency
range of 4 — 4.8 GHz. The flat coupling of 3 dB+1.5 dB
can be observed within frequency range of 4.06 — 4.8
GHz. Excellent 90°+3° phase difference between S, and
S;1 is observed in Fig. 5(b) with the same frequency
range. Considering all the S-parameters performance, the
proposed SIW coupler using photographic paper shows
acceptable performances and suitable for IoT
applications.
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