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Abstract — Abstract- In this paper surface wave loss in two
grounded dielectric substrates has been analyzed and simulated
at 94GHz band using HFSS simulation software. The first
material was Duroid (er=2.2) since it has lower dielectric
constant. The second material was Gallium Arsenide (er=12.9)
which is has high dielectricconstantand it is used for integrated
circuits. In order to study the effect of surface wawve, two grounded
dielectric substrates are simulated for different thickness. The
thickness of substrate and size is same for valid comparison of
surface wave lewvel. The grounded Gallium Arsenide substrate
with 0.2mm thickness gives high insertionloss of 5dB and surface
wave level of 2.1x10%V/m , therefore substrate type and thickness
mustbe chosentoawoid couplingto the firsthigher surface wave
mode.

Keywords — Surface wave loss, high order mode, grounded
dielectric substrate, HFSS software.

I. INTRODUCTION

There are wide variety of substrate materials have been found
for microstrip patch antenna design with mechanical, thermal
and electrical properties which are attractive for use in both
planar and conformal antenna configurations. The material
used for substrate can be dielectric constant in the range of 2.2
<r < 129. If we change the material of substrate and the
thickness of substrate of a microstrip antenna, it changes the
system performance by changing the dielectric constant (er).
Cost, power loss and performance are trade-off considerations
in choosing the substrate material. The patch size reduces for
higher dielectric constant and it also reduces bandwidth and
radiation efficiency [1].

The purpose of an antennais of course to radiate space waves.
These waves move towards the free space where they do not
find any further interfaces. However, there are also othertypes
of waves such as surface waves and leaky waves can be excited
in the microstrip antennasubstrate depending on its thickness,
and angles of reflection at the substrate metallic boundaries [2].
The excitation of surface wave is often considered to be a
disadvantage in all microstrip patch antennas application. The
reason for this is that most surface waves are generally difficult
to control and are not radiated in the main-beam direction, but
in the direction parallel to the air-dielectric interface, distorting
the main beam radiation pattern and increasing the level of the
side lobes as well as the back lobes. Hence, the surface wave
power is treated as a loss mechanism when calculating the
radiation efficiency [3].

Surface waves in the substrate can be existed in the form of
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Transversal Electric (TE) and Transversal Magnetic (TM)
modes, because ground dielectric cannot support TEM wave.
The phase velocity of these modes is a function of dielectric
constant (e,) and substrate thickness (h). If a quasi-TEM wave
is present under the antenna radiator with a phase velocity
close to the phase velocity of a surface wave mode, strong
mode coupling can occur. For higher order TE and TM modes,
the cut-off frequency is given by [1]-[3]:

nc

4h,je, — 1

For TE, modesn=1,3,5,... , n=0, 2, 4,.. for TM,, modes
and c equal the speed of light in vacuum (c=3x10*m/s). TM,
mode has zero cut off frequency, the power coupled into this
mode can be reduced by choosing small (h) and (e,.).If
dielectric has finite thickness and dielectric constant slightly
large than one, there is always at least one propagating (TM)
mode, designated as: (TM,) mode, which has zero cut off
frequency. (TM,)mode can have some field lines aligned with
field line of (QTEM) mode of microstrip line, which are often
used to construct feeding structures of integrated antennas on
dielectric [4]- [8].

Therefore, reducing surface-wave excitation from microstrip
antennas can be beneficial for various reasons. First, the
reduction of surface-wave excitation will increase the radiation
efficiency of the antenna. Second, the reduction of surface-
wave excitation will resultin less diffraction from the edges of
the substrate orground plane supporting the antenna, resulting
in less back radiation and interference with the main patternin
the forward region. Also, reduced surface-wave excitation
usually results in reduced coupling between antennaelements
[6]- [10].

In this paper two different substrates with different dielectric
constant and different thickness have been analyzed the surface
wave effect using HFSS simulation software

II. HIGHER ORDER MODES EFFECT IN
DIELECTRIC
surface wave losses are always present in the case of a
grounded substrate, even if the amount of lost power can be
considered negligible for thickness d<0.014o of the dielectric.
Generally, the power lost in substrate modes increases
significantly as higher order modes appear.
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Fig. 1 and Fig. 2 show the relation between cut off frequencies
of surface waves and the thickness of substrate (h) by using
Matlab software for gallium arsenide and Duroid substrates.
From the results, we note that the surface wave modes increase
by increasing the thickness (h) and dielectric constant
substrate(e,.). When we using Gallium Arsenide material value
cut off frequency increasing compared with Duroid, this will
reduce the efficiency
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Fig. 1: Relation between cut of frequency and thickness of the Gallium
Arsenide material
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Fig. 2 Relation between cut of frequency thickness of the Duroid material

III. ANALYSIES SURFACE WAVES

In order to study the effect of surface wave, two grounded
dielectric substrates are simulated for different thickness. The
thickness of substrate and size is same for valid comparison of
surface wave level. The first material was Duroid (er=2.2)
since it has lower dielectric constant. The second material was
Gallium  Arsenide (er=12.9) which is has high dielectric
constant and it is used for integrated circuits. The simulation
was done by using HFSS software for two different thickness
(h=0.1mm, h=0.2mm) to study the effect of surface wave loss
by measuring insertion losses (S,;).
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a) Surface Waves in Two Different Material at h=0.1mm

The 3D surface wave level for two different materials is shown
in Fig. 3. The maximum value of surface wave was 5.1x10*
VIm at 94GHz for Gallium Arsenide material, while the
maximum value at the same frequency was 4.7x10* V/m for
Duriod.

The insertion loss in two materials at 94GHz band is shown in
Fig. 4. The insertion loss of grounded dielectric increase by
increasing the frequency. The loss of Gallium Arsenide
material has 1.07dB at 110GHz and 0.42 dB for Duroid at the
same frequency.

Table (1) shows the comparison between two materials. From
the comparison table, it has been concluded that with the
decrease in relative permittivity of substrate material the effect
of surface wave can be ignored. This will enhance the
efficiency of the devices.
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Table(l): Comparing Gallium Arsenide with Duroid Materials at(h=0.1mm)
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Table(I1): Comparing Gallium Arsenide with Duroid Materials at (h=0.2mm)

Parameters with Gallium Arsenide Duroid
Thickness Material Material

Substrate=0.1mm

Wave Length of 1.38mm 0.438mm
Cut-off frequency

Insertion Loss 1.07dB 0.42dB

Elevation angle (0) 90°<6<163.8° 90°<0<137.6°
Surface waves level High Low

b) Surface Waves in Two Different Material at h=0.2mm
From Fig. 5 and Fig 6 we can see that the surface waves level
inside Gallium Arsenide material more than Duriod material.
Gallium Arsenide material has maximum value of surface
wave is 2.1x10°V/m and insertion loss is 5dB while Duroid
material has 1.04x10°V/m of insertion loss and insertion loss
is 0.56 dB. Table Il shows the comparison between two
materials.

E Field[¥_per_n
2.1374 65
1.201%2+285
8.758%¢+28%
36008004
2.1374e+00%
1.2019¢+08%
5.758% 003

E Field[v_per_n

1541324005
1.9357¢+085
5824204004
3.2752e4004
57es

3.6008¢-202 | 8

2.1374e-002
1.201+002 D
5.75852+001
3.6008e-001
2.1374e001

5524284001

3.2752e+801

1541824801
7.

Case(2)

Duriod Material

(b) Side View

Fig.5 Surface Waves in T wo Different Material at h=0.2mm

250 225
CASE(1) CASEQ)
004
230
04
£35-
2004
2250 =040
i
%
LELY !-IMS-
as0]
£.50—
400
D55
4507 §21=0.56dB €——
§21=5dB
0w s e 90 oo foieo 6. 8000 gs00  so0 00 10000 10800 i

Freq [GHz) Frea Gz
Fig.6 Insertion Lossin Two Different Material at h=0.2mm

CopyrightlPCO-201!
ISSN1737-930X

Parameterswith Gallium Arsenide Duroid Material
Thickness Material

Substrate=0.2mm

Wave Length of 5.55mm 1.75mm
Cut-off frequency

Insertion Loss 5dB 0.56dB

Elevation angle (0) 90°<0<163.8° 90°<6<137.6°
Surface waves level High Low

IV. CHARACTERIZATION AND DISCUSSIONS
The phase velocity of the surface waves is strongly dependent
on the substrate parameters (h , €,.). From equation (1) we can
calculate (TE;) mode at n=1 with Gallium Arsenide material

has e, = 12.9, Hence the value of (ﬁ)lwill be :
h n 1
(_ 1 = =

Ac 4/e,—1 4129-1

= 0.072

where Ac! = (Fic)1

Can calculate (TE;) mode at n=1 with Duroid material has
dielectric constant (e, = 2.2)
1

h n

—\1 _ —
(Ac 4Je, -1 422-1
Since TM, mode has no cutofffrequency then, the lowest order
TM, mode will excited at all grounded dielectric materials. At
94GHz frequency the lowest order (TE;) mode is excited at
h=0.22mm in grounded Gallium Arsenide material and with
Dourid material (TE;) mode is excited at h=0.72mm.
If we decreasing the frequency to 10GHz the lowest order
(TE,) mode is excited at h=2.17mm with Gallium Arsenide
material and at h=6.8mm for Dourid material.
From this comparison we can conclud that with the decrease in
relative permittivity and thickness ofsubstrate material surface
wave loss will be decreasing.

= 0.228

V. CONCLUSION

This paper introduces effect surface waves in two different
grounded dielectric substrates. The grounded Gallium
Arsenide substrate with 0.2mm thickness gives high insertion
loss of 5dB and surface wave level of 2.1x10°V/m, therefore
substrate type and thickness must be chosen to decrease the
surface wave level.

It has been concluded that RF circuits on high dielectric
substrate at mm-wave frequencies suffer greatly from surface
wave losses because typical substrates become electrically
thick at these frequencies. The excitation of surface wave
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modes is often considered to be a disadvantage in all RF
circuits. The reason for this is that most surface waves are
generally difficult to control and are not flow the main field.
Hence, the surface wave power is treated as a loss mechanism
when calculating the efficiency of the system
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