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ABSTRACT

This thesis presents the study on the effect of Parasitic Slots for narrow slot antenna fed by
a open circuit microstrip line. The proposes of thesis is technique for improvement match
impedance of narrow slot antenna. The advantage of this technique is that the characteristics of
narrow slot antenna are not affect by Parasitic Slots. A numerical method known as the finite
difference time domain (herein after called FDTD) is introduced for computation and analyze.
The FDTD method can be used to analyze any shape of antenna with high accuracy. Herein,
various there antennas characteristics are analyzed for example: Return Loss (S, Parameter),
Input Impedance, Voltage Standing Wave Ratio: VSWR, propagation of electromagnetic wave

and far field radiation patterns.
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= . . . .
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o ﬁi] AN (Conductivity: S/m)
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& by |
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6. VOUIAN z = max z
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AuMIANUHULIUYeInTZuE I (J ) HAZNIZUALNNAN (M )

J =hxH (3.55)
M. =-hxE (3.56)
(maxx,1,maxz) (maxx,maxy,maxz)
(maxx,1,1) i/~ (maxx,maxy,1)
Slot Antenna
Virtual Box
\ ______ (1,maxy,maxz)
Y
X (1.1.1) (1,maxy,1)

/.
y
U7 3.7 naoaailoudmiunsulasauuszoz Indifluauuszez Ina
3 = ' ' g4 o -
ms ldndnnumumnivvesnszud Iihwaznszusmimandsaunisin - 3.55 uag
' = a 3 a oo
3.56 v ldwmnauumimanuazauin Idihhdvesndevaiiounnd s Tavluszuunna

¥
o ] [ =1
yumniuez ldaumsanurnuunivveanszua i waznszuauimanluunu x, y uaz

UNW z MUAUNIT
J =J i+, P+J.5 (3.57)

M, =Mi+M j+M,: (3.58)
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namesrslumin sdnanmes iz lannauns
J e - Jkr"
A= ,uj[ S S
— M
F=g ([ ———ds'
.\' 4m||

v v
auiuaumivan Il naumszos Inave 1daunadu

tyl

:-ng—i?V(V-Z)—%Vxl?

(V-F)+:lvx}i

H =

oM r'<< r NYA P y0ad NIz Ina

r''= \/rz —2rr'cosy +r"

= r(1+[i) —Zr—cost
r r

= r(l—2ic051p)
r

=r—r'cosy

(SR

to | —

— = o o '
LAZINAUNITN 3.59 uae 3.60 fﬂll'Iiﬂ!“llEJ‘uﬂﬂﬂn'JﬂLﬂﬂ‘i1ﬂﬂ\lﬁl‘ﬂu

_;6’ — Jkr'cosy dSr

N
Il

dmr

]
F‘ =g & — jkr'cosy AN

1o r'cosy =r'F = x'sinf cosd + y'sinOsing + z'cos O

(3.59)

(3.60)

(3.61)

(3.62)

(3.63)

(3.64)

(3.65)

(3.66)

(3.67)

(3.68)
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MNAUNT 3.67 uaz 3.68 neglumenvesduniniaiuve Iiowlnaiflusives N

uay L A9aunis

N = [[ Tiere s G69)

L= ”\ M "7 4S' (3.70)

@ @ o Y] ¢
wazaz ldanudunusvesdnanwes 4uag F

— Jjkr

A N (3.71)

Il
=

dmr

- jkr

—

L (3.72)

F=¢

dmr

Waunsh 3.71 uaz 3.72 TdlaB3luauns 3.69 uaz 3.70 mwddy a2 ldaunslunisus

v
wasnuauusze lnasail

- jkr

e i
E, =nH, =_1E(W‘Na +L¢) (3.73)
e*,'kr
Ey=nH,=-]j Ar (nNu + Lu) (3.74)
Tavvziianves
N, = _[_L_(J_Y cosfcosg + J, cosBsing —J. sinG) g /Kreose ggr (3.75)
N, = [[ (-7, sing+J, cosp) e*eas’ (3.76)

L, = ”\”(M.T cosfcosgp + M  cosOsing — M. sin9) e e gse (3.77)

L, = ”\(— M sing+M, cosg{)) g/ g (3.78)
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U

[ 3 =Y d ot § " .
TuTawunar auiuaninldwanisulaSies liaewio (discrete Fourier Transform :DFT)

Fataumaiia iy
E)=["E@) e™dr (3.79)
H(w)= [ H() e d (3.80)

o o =2nf uaz £ AeanudnwzlFlunmsmuiramnisuindsnuszes lnalay

1 ¥
aumImmanEna1nuszes lnaluTamuanudvod FDTD Haun1saail

NSTEP
E(@)= Y E(nAr)-e”™™ Ar (3.81)

n=0

NSTEP
H(o)= > H(nAr)-e/ ™At (3.82)

n=0
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2 2 £
1 oss2ei07) “(aseior) *Lorseio?)
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A1 <0.289 ps (4.4)
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Matching Technique for Rectangular Slot Antenna by Parasitic Slots

S. Satthamsakul
ReCCIT, Faculty of Engineering
King Mongkut’s Institute of
Technology Ladkrabang (KMITL)
Ladkrabang, Bangkok, Thailand
email: s5061112@kmitl.ac.th

Abtract

In this paper, we offer technique to improve the matching of
antenna designing. In general, the efficiency of antennas has
many improvements. We choose to extend matching by
adding the slots in the basic microstrip-fed rectangular slot
antenna. We called “parasitic slots”. The dominant
characteristic of this addition is more double efficient
improvement matching and other characteristics of antenna
are similar. It means that the basic microstrip-fed rectangular
slot antenna with parasitic slots has all characteristics as same
as the basic microstrip-fed rectangular slot antenna without
parasitic slots. The antenna with parasitic slots has matching
better than the antenna without parasitic slots.

Keywords

rectangular slot, parasitic slot, matching technique

1. Introduction
The antennas have many characteristics, their performance
depend on these characteristics which related with parameter.
The principal parameters of antennas are associated with the
radiation pattern, radiation efficiency, input impedance, and
bandwidth. The input impedance of the antenna that is one of
all parameters is very important parameter because it can
produce a perfect matching. A matched perfect antenna will
radiate all power sent to the antenna by a transmission line.
So we consider only matching, the better matching is an
interesting characteristic.

Microstrip antennas have the advantages of low-profile,
lightweight antennas, low fabrication cost, most suitable for
aerospace and mobile applications. These antennas can be
used in low power transmitting and receiving applications
because capability handling low power of them. It is the
interesting antenna in this time. All microstrip antennas can
be divided into four basic categories: microstrip patch
antennas, microstrip dipoles, printed slot antennas, and
microstrip travelling-wave antennas [1]. In this paper, we
consider only matching of the basic microstrip-fed
rectangular slot antenna that is the one of printed slot
antennas.

2. Parasitic Slot
The word “parasitic” usually refers to parasitic element of
Yagi-Uda antenna so we refer to the principle of Yagi-Uda
antenna. [t is not necessary to feed each element by direct
connection to a transmission line. It only one dipole of such
as array is directly fed, or driven, the field that it sets up will
cause currents to flow in adjacent elements. This process is
called parasitic excitation and the elements thus excited are
parasitic elements,

N. Anantrasirichai
ReCCIT, Faculty of Engineering
King Mongkut’s Institute of
Technology Ladkrabang (KMITL)
Ladkrabang, Bangkok, Thailand
email: kanoppin@kmitl.ac.th

T. Wakabayashi
School of Information Engineering,
Tokai University
Hiratsuka, Kanagawa,
259-1292, Japan
email: wakaba(@et.u.tokai.ac jp

Often microstrip antennas are also referred to patch antennas.
One way of increasing the bandwidth of the microstrip patch
antenna is introduce closely spaced parasitic patches on the
same layer as the fed patch. An adjacent patch can enhance
the impedance bandwidth of rectangular patch antenna.
Another class of configurations consists of one fed
rectangular patch and two or more parasitic patches placed
symmetrically with respect to the fed element.

A more meaningful definition of the fractional bandwidth is
over a band of frequencies where the VSWR at the input
terminals is equal to or less than a desired maximum value,
assuming that the VSWR is unity at the design frequency.
The VSWR is defined below as

vswr=1+|C 0

1- |rL|

The bandwidth is defined as frequency range over which the
VSWR is less than two. The ratio of the reflected signal to
the incident signal is called the reflection coefficient (l"L )

and is

FLZZ"’_ZC 2)
Lt Ze

Where .= input impedance

z." characteristic impedance

The return loss of zero indicates that the load is matched to
the transmission line and all power is sent to the antenna.
This occurs when the impedance of the antenna is equal to
the characteristic impedance of the transmission line. The
addition of parasitic patches in microstrip patch antenna is
cause of variation of bandwidth. It means variation of input
impedance and matching.

The parasitic elements that add in the antenna have an
effective matching. In this paper, we will add the parasitic
elements in the basic microstrip-fed rectangular slot antenna.
The parasitic element for adding in the microstrip-fed
rectangular slot antenna has an aspect in rectangular shape
and cut in the ground plane. We called “parasitic slot”

3. Structure and Simulation Results
3.1 Structure of Antenna with Parasitic Slots
Figure 1 shows the structure of the microstrip-fed rectangular
slot antenna with parasitic slots. Two parasitic slots have the
same size and they placed parallel of slot antenna in the same
plane. The lengths of two parasitic slots are located parallel



with slot antenna and widths of two parasitic slots are located
along the microstrip line.

O (| NS S |

Figure 1 The structure of the antenna with parasitic slots
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Figure 2 The reflected loss of the microstrip-fed rectangular
slot antenna without parasitic slots at 10 GHz
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Figure 3 The reflected loss of the microstrip-fed rectangular
slot antenna with parasitic slots at 10 GHz
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3.2 Simulation Results

To simulate microstrip-fed rectangular slot antenna without
parasitic slots and microstrip-fed rectangular slot antenna
with parasitic slots, we used the FDTD analysis and design of
microwave circuits and antennas software. This software is a
full wave electromagnetic simulation code for general three-
dimensional (3D) passive structures, particularly planar-
oriented microwave circuits and antennas that based on the
FDTD algorithm. It can get the results such as input
impedance, S parameter and radiation pattern. For these
reasons, it can get the good results by simulation.

Before adding the parasitic slots, we must designed a
microstrip-fed rectangular slot antenna for desire frequency.
We can adjust the size of slot antenna and the length Lm for a
good matching at design resonant frequency. We designed
the antenna for resonant frequency at 10 GHz and 1 1GHz.
Return loss or reflected loss (S11 parameter) at 10 GHz of
microstrip-fed rectangular slot antennas without parasitic
slots is shown in Figure 2 and reflected loss of the antenna
with parasitic slots is shown in Figure 3. When we compared
the simulation results at 10 GHz between the antenna without
parasitic slots and the antenna with parasitic slots, the
antenna with parasitic slots (S11 equall —=59.6849 dB) has the
matching better than the antenna without parasitic slots (S§11
equal —23.6354 dB).
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Figure 4 The reflected loss of the microstrip-fed rectangular
slot antenna without parasitic slots at 11 GHz
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Figure 5 The reflected loss of the microstrip-fed rectangular
slot antenna with parasitic slots at 11 GHz
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Figure 6 The far-field radiation pattern at 10 GHz on the xy-
plane of the antenna without parasitic slots.
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Figure 7 The far-field radiation pattern at 10 GHz on the xy-
plane of the antenna with parasitic slots.

Reflected loss at 11 GHz of the antenna without parasitic
slots is shown in Figure 4 and reflected loss of the antenna
with parasitic slots is shown in Figure 5. When we compared
the simulation results at 1 1GHz between the antenna without
parasitic slots and the antenna with parasitic slots, the
antenna with parasitic slots (S11 equal —=76.5093 dB) has the
matching better than the antenna without parasitic slots (S11
equal -25.8335 dB).

The comparisons of far-field radiation pattern between the
antenna without parasitic slots and the antenna with parasitic
slots on xy-plane and xz-plane at 10 GHz and 11 GHz as
shown in Figures 6-13.

Figures 14 and 15 displayed the current density in slot
antenna and current density in the parasitic slots. The current
density in slot antenna is high and can be radiated wave
because the slot antenna excited directly by a strip line, but
the parasitic slot excited by coupling from the slot antenna
which can not radiate.
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Figure 8 The far-field radiation pattern at 10 GHz on the xy-
plane of the antenna without parasitic slots.
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Figure 9 The far-field radiation pattern at 10 GHz on the xy-
plane of the antenna with parasitic slots,

3.3 Discussion

Refer to the simulation results it can demonstrate the effect of
the parasitic slots with the basic microstrip-fed rectangular
slot antenna. The antenna with parasitic slots has matching
better than the antenna without parasitic slots.

The slot antenna placed over the microstrip line so that the
electromagnetic field can radiate through slot antenna. In case
of parasitic slots that also placed above the microstrip line, it
can not radiate wave because they not feed elements.

4. Conclusions
The parasitic slots in the basic microstrip-fed rectangular slot
antenna make more double decrease of return loss. The return
loss is so less which matching improves better. This
improvement by parasitic slots is trend to use in other
frequency and other antennas. The important cause in
improvement matching by parasitic slots is size and position
of parasitic slots,
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Figurel0 The far-field radiation pattern at 11 GHz on the xy-
plane of the antenna without parasitic slots.
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Figurel 1 The far-field radiation pattern at 11 GHz on the xy-
plane of the antenna with parasitic slots.
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Figure14 The current density of the antenna with parasitic
slots at 10 GHz
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Figurel12 The far-field radiation pattern at 11 GHz on the xz-
plane of the antenna without parasitic slots.
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Figurel3 The far-field radiation pattern at 11 GHz on the xy-
plane of the antenna with parasitic slots.

Figurel5 The current density of the antenna with parasitic
slots at 11 GHz
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Improve Matching for Rectangular Slot Antenna by Parasitic Slots
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Abstract: A perfect matching is the desire of antenna designers. In this paper, we improve the matching of antenna designing. In
general, the efficiency of antennas has many improvements. In this paper, we choose to extend matching by adding the slots in the
basic microstrip-fed rectangular slot antenna. We called it as “parasitic slots”. The dominant characteristic of this addition is double
efficient improvement matching and other characteristics of antenna are similar. It means that the microstrip-fed rectangular slot
antenna with parasitic slots has all characteristics as same as the microstrip-fed rectangular slot antenna without parasitic slots. The
antenna with parasitic slots has better matching better than the antenna without parasitic slots.

Keywords: rectangular slot, parasitic slot, matching

1. INTRODUCTION

Microstrip antennas have the advantages of low-profile,
lightweight antennas, low fabrication cost, most suitable for
aerospace and mobile applications. These antennas can be
used in low power transmitting and receiving applications
because capability handling low power of them. It is the
interesting antenna in this time. All microstrip antennas can be
divided into four basic categories: microstrip patch antennas,
microstrip dipoles, printed slot antennas, and microstrip
travelling-wave antennas [1]. In this paper, we chose the
microstrip-fed rectangular slot antenna that is the one of
printed slot antennas.

In general, the efficiencies of microstrip slot antennas
have many improvements, for example: Slot Array Antenna
fed by Microstrip Line [2], A Large Bandwidth T-shaped
Microstrip-Fed Ground Plane Slot Antenna [3], Characteristic
of a Large Bandwidth Rectangular Microstrip-Fed Insert
Triangular Patch in A Circular Slot Antenna [4], etc. They
have both the addition and difference in geometrical shape. In
this paper, we will add the slots in the basic rectangular slot
antenna.

The antennas have many characteristics. The principal
parameters of antennas are associated with the radiation
pattern, the radiation efficiency, the input impedance, and the
bandwidth. The input impedance of the antenna that is the one
of all parameters is very important parameter because it can
produce a perfect matching. A matched perfect antenna will
radiate all power sent to the antenna by a transmission line.
This occurs when the impedance of the antenna 1s equal to the
characteristic impedance of the transmission line.

Often microstrip antennas are also referred to as patch
antennas. Compact Boardband Microstrip Antenna [5] is an
interesting research, which the bandwidth can also be
increased by placing parasitic elements (dipoles) next to the
main radiating patch. The side elements called parasitic, are

excited by coupling from the main radiator, in the same

Diclectric Substrate
Ground Plane

Slot Antenna

N

———————

Fig. 1 Microstrip-Fed Rectangular Slot Antenna

manner as the secondary elements are excited in a Yagi-Uda
antenna.

2. MICROSTRIP-FED RECTANGULAR SLOT
ANTENNA

A microstrip-fed rectangular slot antenna comprises a
rectangular slot cut in the ground plane of the microstrip
antenna. The slot is perpendicular to the microstrip line. For
efficient excitation of the slot, the strip conductor is either
short-circuited which we don’t consider, or the strip conductor
is terminated in an open-circuited stub beyond the edge of the
slot as shown in Fig. 1 [6].

The length Lm of the open- circuited microstrip stub is
approximately a quarter-wave as shown in Fig. 2.
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Fig. 2 Technique stub-tuning

Microstrip-Fed
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Fig. 3 Technique offset microstrip feed

Microstrip-Fed

Fig. 4 Technique center-fed but inclined microstrip feed

For a given slot size, the resistance seen by the feed line can
be reduced in three possible ways [7]. The first technique is
very similar to that of Fig. 2 except that the length Lm of the
microstrip stub is longer than a quarter-wave. The stub-tuning
introduces reactive loading of the antenna, thereby changing
the resonant frequency. The stub is designed so that the input
resistance compares with the feed line impedance at the new
resonant frequency. The second technique is off-center
feeding as suggested [6] and shown in Fig. 3. The third
technique feeding possibility is that the slot is center fed but is
inclined as shown in Fig. 4.

r————-

1l
Fig. 5 The structure of the antenna with parasitic slots
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3. DESIGN AND RESULTS

3.1 Parasitic Slot

The word “parasitic” usually refers to parasitic element of
Yagi-Uda antenna so we refer to the principle of Yagi-Uda
antenna.

It is not necessary to feed each element by direct
connection to a transmission line. It only one dipole of such as
array is directly fed, or driven, the field that it sets up will
cause currents to flow in adjoining elements. This process is
called parasitic excitation and the elements thus excited are
parasitic elements.

In this paper, the parasitic element for adding in the
microstrip-fed rectangular slot antenna has an aspect in
rectangular shape and cut in the ground plane. We called it
“parasitic slot”

3.2 Structure of Antenna with Parasitic Slots

Fig. 5 shows the structure of the microstrip-fed rectangular
slot antenna with parasitic slots. Two parasitic slots have the
same size and they placed perpendicular of slot antenna in the
same plane. The widths of two parasitic slots are located
parallel with slot antenna and lengths of two parasitic slots are
located along the microstrip line.

4

B
10 15 ) 25

Fig. 6 The reflected loss of the microstrip-fed rectangular
slot antenna without parasitic slots

— e ——
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0
30
40
-50
50
5 1o 13 20 e

Fig. 7 The reflected loss of the microstrip-fed rectangular
slot antenna with parasitic slots
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Fig. 8 the far-field radiation pattern on xy-plane of the
antenna without parasitic slots.
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Fig. 9 the far-field radiation pattern on xy-plane of the
antenna with parasitic slots.

3.3 Simulation

To simulate microstrip-fed rectangular slot antenna without
parasitic slots and microstrip-fed rectangular slot antenna with
parasitic slots, we used the FDTD analysis and design of
microwave circuits and antennas software. This software is a
full wave electromagnetic simulation code for general three-
dimensional (3D) passive structures, particularly planar-
oriented microwave circuits and antennas that based on the
FDTD algorithm. It can get the results such as input
impedance, S parameter and radiation pattern. For these
reasons, it can get the good results by simulation.

3.4 Simulation Results

Before adding the parasitic slots, we must designed a
microstrip-fed rectangular slot antenna for desire frequency.
We can adjust the size of slot antenna and the length Lm for a
good matching at design resonant frequency. We designed the
antenna for resonant frequency at 10 GHz. Return loss or
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Fig. 10 The far-field radiation pattern on xz-plane of the
antenna without parasitic slots
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Fig. 11 The far-field radiation pattern on xz-plane of the
antenna with parasitic slots,

reflected loss (S11 parameter) of microstrip-fed rectangular
slot antenna without parasitic slots is shown in Fig. 6.

The reflected loss of the antenna with parasitic slots is
shown in Fig. 7. When we compared the return loss of
simulation results between the antenna without parasitic slots
and the antenna with parasitic slots, the antenna with parasitic
slots (S11 equal —54.0271 dB) has the matching better than the
antenna without parasitic slots (S11 equal -23.6354 dB).

Fig. 8 and 9 are comparisons of far-field radiation pattern
on xy-plane between the antenna without parasitic slots and
the antenna with parasitic slots, which are similar.

Fig. 10 and 11 are comparisons of far-field radiation pattern
on xz-plane between the antenna without parasitic slots and
the antenna with parasitic slots, which are similar.

Fig. 12 displayed the current density in slot antenna and
current density in the parasitic slots. The current density in
slot antenna is high and able radiation because the slot antenna
excited directly by a strip line, but the parasitic slot excited by
coupling from the slot antenna which can not radiate.
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Fig. 12 The current density of the microstrip-fed
rectangular slot antenna with parasitic slots.

4. CONCLUSIONS

The Parasitic slots in the basic microstrip-fed rectangular
slot antenna make double decrease of return loss. The return
loss is so less that matching improves better. This
improvement by parasitic slots is trend to use in other
frequency and other antennas. The important cause in
improvement matching by parasitic slots is size and position
of parasitic slots.

1679

(3]

(6]

(7]

(8]

114

REFERENCES

R.Garg, P. Bhartia, I. Bahl and A. Ittipiboon, Microstrip
Antenna Design Handbook, Artech House., 2001.

N.Anantrasirichai, M.Tangjitjetsada and P.Rakluea, “Slot
Array Antenna fed by Microstrip Line,” 2001

International  Symposium on Communications and
Information Technology ,pp.211-214, 2001.
Y.W. Jang, J.C. Yoon and H.S. Shin, “A Large

Bandwidth T-shaped Microstrip-Fed Ground Plane Slot
Antenna,” Microwave Journal, Vol. 45, No.l, pp. 92-
103, 2002.
Y.W. Jang, “Characteristics of A Large Bandwidth
Rectangular Microstrip-Fed Inserted Triangular Patch in
A Circular Slot Antenna”. Microwave Journal, Vol. 45,
No.5, pp- 92-103, 2002.
Aanandan,C.K. and K.G. Nair, “Compact Broardband
Microstrip Antenna,” Electronics Letters, Vol. 22, pp.
1064-1065, 1986.

Yoshimura,Y., “A Microstrip Line Slot Antenna,” /EEE
Trans. on Microwave Theory and Technigues, Vol.
MTT-20, pp. 760-762, 1972.

Kim,J.P., and W.S.Park, “Network Modeling of an
Inclined and off-center Microstrip-Fed Slot Antenna,”
IEEE Trans.on Antennas and Propagation, Vol. AP-46,
pp. 1182-1188, 1998.

Jean-Francois Zurcher and Fred E. Gardiol, Broadband
patch antennas, Artech House., 1995.

Yongxi Qian and Tatsuo Itoh, FDTD Analysis and
Design of Microwave Circuits and Antennas Software
and Applications, Realize Inc., 1999.



Fo-uuena
Ju pou ina
4

oy

3z 3amsfnun

Aumusnuilagiy

aAnuNNINU

115

¢

Uz Ineive

WIEBITN dANBITHANA

2 figuou 2521 fingammuriuns

56/58 139 A.UNINTEAD BUUDI 1.UUNYS

W.7.2542 ﬂszmﬁﬁvﬁm‘im%w%uga MvIvumaiianeuines
anmtiuma TuTags1yuana IMenvauuniys

WA, 2544 QATINATIUAIAATUMNA (INBIATINOUADADI)
avivunalulagoiannsoiing  amzdmassumans
antiuma TuTagwszvounduiigunisa1anszii
Wninmsaeuiiimes dinanasnas dninanueimsud
amtuma TuTagnwszvoundudigunmismianszils
NOINFY FU 3 DIANINTUNANUSTENATITUATUNT

an1uma Tulagnszvaundudigunnisaianszaia



