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Abstract: - In this paper a new directional multilayer coupler based on SIW technology is presented. The
proposed MSIW directional coupler work for the operation frequency 5.8 GHz. Ansoft HFSS simulation
software is used. The tapered line is used as transition between MSIW and microstrip-line for easy integration.
These structures present a good performance such a good isolation <-34 dB and coupling of -06.37 dB. He
presents many advantages of convenient integration, compact size, low cost, mass-producibility and ease in

fabrication. Simulated results are presented and discussed.
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1 Introduction

In recent years by development of communication
and radar systems at high frequency range; new
structures should be designed for wave transfer at
these frequencies. Low loss and small size should be
considered in millimeter frequency range [1-2].

The directional coupler is widely used in many
microwave and millimeter wave system for
generating desired power splitting with certain
specification requirements such as frequencies;
bandwidth and the size of structure [3]. The basic
operation of directional coupler is when the input
supplied to Port 1 is coupled to Port 3 (coupled)
with the coupling factor, while the remains of the
input power is delivered to Port 2 (through). There
is no power deliver to the Port 4 (isolated) for the
ideal condition [4].

Therefore, great interest and special effort have been
directed to the development of different types of
directional coupler for different applications [3].
Rectangular waveguide directional coupler was
extensively investigated [5-10] and numbers of
circuit configurations have been developed on the
basis of various design principles that suitable for
high performance, high power, low insertion loss
and high quality (Q) factor. However, the
manufacturing of the rectangular waveguide
structure is rather expensive because of the bulky
size and in a form of nonlinear. This contributes to
the difficulty to integrate with other planar circuits.
In order to overcome this problem, Substrate
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Integrated Waveguide (SIW) is used to overcome
these problems.

Since the introduction of the SIW concept in 2001
[11], attention has been increased significantly
towards using this technology in designing
millimeter-wave coupler. Inheriting low radiation
loss, acceptable Q-factor and high power handling
capability from traditional rectangular waveguide
structures, SIW also utilizes low cost, low profile
and easy integration capabilities of planar structures
[12].

The traditional SIW directional coupler is realized
by two SIW’s with a common broadside wall on
which one or many small aperture are utilized to
realize the coupling between two SIW’s (Fig. 1).
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Fig. 1 A traditional SIW Coupler.

For the goal to miniature microwave components
and circuits, many technics are employed such
FSIW, HMSIW and multilayer SIW [13-15].

To meet the increasing requirements of modern
communication systems in terms of compact size
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and high selectivity, SIW components with multiple
layer using the PCB or LTCC processes have been
extensively studied in recent years [16-17].

The application of multilayer technology make the
realization of coupler with compact size, light
weight and high performance possible, due to its
three dimensional integration characteristic, low-
tolerance in manufacturing process [18].

This paper is organized as follows: Section | present
an introduction to SIW coupler and the different
miniaturization technics, Section 1l present the
theory of the RWG Multilayer Directional Coupler,
Section Il present the design of the multilayer SIW

coupler while the section IV discusses the
simulation results.
2 Theory of RWG multilayer

directional coupler

The directional property of all directional coupler is
produced through the use of two separate waves or
wave components, which add in phase at the
coupled port and are canceled at the isolated port.
The simplest ways of doing this is to couple one
waveguide to another through a single small hole in
the common broad wall between the two
waveguides as showing in Fig. 2.

Fig. 2 ARWG multllayer directional coupler.

From [19] the aperture can be replaced with
equivalent sources consisting of electric and
magnetic dipole moments. The normal electric
dipole moment and the axial magnetic dipole
moment radiate with even symmetry in the
coupled guide, while the transverse magnetic
dipole moment radiates with odd symmetry.
Thus, by adjusting the relative amplitudes of
these two equivalent sources, we can cancel the
radiation in the direction of the isolated port,
while enhancing the radiation in the direction of
the coupled port. The two waveguides are
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parallel and the coupling is controlled by s, the
aperture offset from the sidewall of the
waveguide.
Considering the configuration of the coupler, with
an incident TE;, mode into port 1. These fields can
be written as:

E,=A sm—e‘fﬁz (1.9)
H, =Z_—sm7e_fﬁz (1.b)
10
— I 0™ o—iBz
H, = BaZi cos—e (1.0)

where Z1y = kgng/B is the wave impedance of the
TE10 mode. This incident wave generates the
following equivalent polarization currents at the
aperture at x=s, y=b, z=0 [20]:

P, = gua,yA sintl—s 6(x —s)s(y—b)d(z) (2.
P,= —a,A [%sinz—s + Zﬂi;o COST:I—S] §(x —
$) 8y - b8 (2) (2.b)

Relating P,and P,, to the currents ] and M, and by
using [20], the amplitude of the forward and reverse
traveling waves in the top guide is given by:

Afy = f Ef ]dv+ f Hiy.Mdv
E_uo m (2 TS
ATy = [eoa sin . 72, (sm . +
ﬁz . )] (3.)
1 — —
Al_oz_f Elo.]dv‘l‘_f Hl-ledv
P J,, Pio J,
- —ij HoQm s
Ao =5~ [eoa sin? —+ 0120 ( 2;—
s

(3.b)

where Pjq = ab/Z;yis the power normalization
constant. Note from (3.a) and (3.b) that the
amplitude of the wave excited toward port 4 (A1) is
generally different from that excited toward port 3
(A7p) because (Hf = —Hg), so we can cancel the
power delivered to port 4 by setting AT, = 0. If we
assume that the aperture is round, we can take the
polarizabilities as o, = 2r3/3 and a, = 4r3/3.
where ryis the radius of the aperture.
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Then from (3.a) we obtain the following condition
for AT, = 0:

4 TS 4m? s
2€p —# sinz——Tugcosz—= 0
Ziy a pfa*Zi
2
9 o . TS 2m , TS
= (k§ — 2°)sin = —?cos "
4m? 2\ . TS 2m?
= ? - ko sin® — = ?
or
Sin7 ",/ 42 —icfa? \/m (4)
The coupling factor is then given by:
C = 20log|-=| dB (5.a)
10
And the directivity by:
D = 20log|3|dB (5.b)
10

Finally the directional coupler can be designed
using (4) and (5.a) to determine the aperture
position s and size ry, to give the required coupling
factor.

3 Multilayer SIW directional coupler
design (MSIW)

2.1
Design
The wave propagation inside of SIW structure is the
same as the conventional waveguide [21]. If we
assume a and b as the width and height of the
conventional rectangular waveguide, the TE, is
propagation mode in the waveguide and cut off
frequency is defined as shown in equation (6).

c

Tave (6)

Fig. 3 show the structure of the SIW. Where Wy;,,
and L, are the real width and length of SIW
cavity. However d and p are the diameter and pitch
respectively, are playing a main role to control the
radiation losses, the diameter and pitch are given by
[22] and [23]:
2

d< ?g
p<2xd

Substrate  Integrated Waveguide

fCTElO =

(7.a)
(7.b)

with A, is the guided wave length of the dominant
mode:

(8)
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The SIW components can be initially designed by
using the equivalent rectangular waveguide model
in order to diminish design complexity. The
effective width of SIW can be defined by [24]:

dZ dZ
Qo = Wany = 108 (%) +01 () ©)
P p d
_’t.f‘?ﬁ?"':-::'t-:f;' 300000000000
Wsiw Qerf
Fig. 3 Conventional Substrate Integrated
Waveguide.

2.1 Multilayer SIW coupler Design

The geometry of the double-layered SIW coupler
consist of two SIW’s — one on the top of other
coupled through two cross slots as shown in Fig.
4(a). The length, the angle and the distance of the
Imm thick slanted cross slot are optimized to
achieve maximum coupling level at the operating
frequency of 5.8 GHz.

Port 4 (Isolated) Port 3 (Coupled)

bl
=
) \j_/ =4 éa : LSS E
E g =
<7 E i
E| 10mm :
E|
3|
:i L . 4 J L {
L | 76mm |
Port 1 (Input) Port 2 (Direct)

(b)

Fig. 4 Geometry of the multilayer coupler.
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4 Simulation and Results

The proposed multilayer coupler is simulated by
using Ansoft HFSS. Basing on a substrate with a
dielectric constant of €.=3, tan8=0.03 and a height
of h=0.254mm, the cut off frequency of the
fundamental mode (f;) was set to 4GHz.

The coupling level is basically controlled by the
width of the slots and there inclination a.

The Coupling and Isolation are affected by the
rotation of cross slot.

The following table show the variation of Coupling
and Isolation by varying of inclination angle o
value.

Table 1. Values of coupling and isolation by
variation of angle a.

inclination angle a Coupling Isolation
at 5.8 GHz at 5.8 GHz
20° -7.09 dB -13.59 dB
40° -6.50 dB -18.86 dB
60° -6.25 dB -21.22 dB
80° -6.87 dB -20.04 dB
90° -6.91dB -15.23 dB

After optimization using HFSS, the best results in
terms of coupling and low insertion losses is
obtained for o = 62°.

Fig. 5 shows the simulated S-parameters versus
frequency for this coupler with an angle o = 62°.

Sij Parameters
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Fig. 5 Sij parameters of the proposed coupler.
The next table show the comparison between

the results found in simulation with two cross
and the one from [25].
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Table 2. Comparison of the simulation results with
the results of [25].

With Two Slot [24] With Two Cross (Our work)

S11: Input -22.22 dB S11: Input -31.87 dB
S12: Directivity -08.50dB | S12: Directivity | -07.48 dB
S13: Coupling -08.68dB | S13: Coupling | -06.37 dB
S14 : Isolation -24.33dB | S14:Isolation | -34.16 dB

From the results we obtained that the proposed
coupler present a better performance than the one of
the reference [25].

5 Conclusion

A directional coupler based on multilayer substrate
integrated waveguide is designed, in this paper. A
parametric study is presented by varying the
inclination angle of cross slot coupler. After
optimization, this study gives good matching
conditions with coupling of -06.37 dB and good
isolation below -34.17 dB over the 58 GHz
frequency band. Transitions to microstrip-line are
demonstrated allowing MSIW to be easily
integrated with other planar circuits. The proposed
multilayer SIW directional coupler is attractive for
many applications.
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