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This article examines and studies the impacts of a U-shaped slot in the ground plane of a rectangular
microstrip patch antenna with a finite ground plane. To build a compact patch antenna, the U-shaped
slot's ideal size and placement have been considered. The size of the patch is 10.6 X 7.8 mm?2 and the size of
the overall rectangular antenna structure is only 31.8 x 23.4 mm? including modified ground backside
plane. The reference antenna's resonant frequency is 10 GHz and after the incorporation of U-shaped slot
at the ground plane that resonant frequency lowered to 2.1 GHz. By the parametric studies almost 96 %
compactness has been found possessing the slot’s optimum dimension. The improved antenna’s gain has
been identified as 2.5 dBi. In this literature a study on compactness of rectangular microstrip antenna has
been discussed and the effects of U-shaped slot on the finite ground plane over the resonant frequency, re-
turn loss and bandwidth have been analyzed. By adjusting various slot parameters in parametric research
and selecting the best value of slot’s dimension and position, it has been determined that the modified an-

tenna's resonance frequency is 2.1 GHz.
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1. INTRODUCTION

The microstrip patch antenna use is prevalent in
portable devices for wireless communication systems.
For lower frequency bands like L. and S band operation
the size of the microstrip antenna becomes large and it
is difficult to fit within small devices. But to make it
miniaturized size, several modifications have been
carried out and maintain the small antenna size even
for lower frequency band applications. So the investiga-
tion on compactness of the antenna is one of the most
important field of research.

The researchers have embraced certain methods for
lowering the frequency of resonance. Very usual process
of getting compact antenna is to increase the electrical
path length so that resonant frequency is decreased. To
increase the current route on the patch, numerous slots
have been sliced into the radiating patch in this tech-
nique [1-3]. The modification on the ground plane also
keeps the effect on lowering the resonant frequency. In
some literature single slotted ground plane, asymmetric
rectangular slot incorporation on the ground have been
designed to obtain the compact microstrip antenna [4-6].
Defected ground structure, monopole antenna structure
are also other techniques to achieve lower resonant fre-
quencies [7-9]. The conventional antenna's resonating
frequency has been dropped considerably by using
grounded strips, parasitic element in the form of L and T
with the patch, spur lines besides the radiating element,
small slotted ground structure with slotted patch etc.
and almost 50% to 85% compactness were claimed in
some articles [10-17].

In this literature a study on compactness of rectan-
gular microstrip antenna has been discussed and the
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effects of U shaped slot on the finite ground plane over
the resonant frequency, return loss and bandwidth
have been analyzed. By adjusting various slot parame-
ters in a parametric research and selecting the best
value of slot’s dimension and position, it has been de-
termined that the modified antenna's resonance fre-
quency is 2.1 GHz. The dimension of the antenna with
ground plane is only 31.8 x 23.4 mm? and compared to
the antenna's standard size for its resonance frequency
of 2.1 GHz, almost 96 % compactness has been ob-
tained. At 2.1 GHz, the antenna's gain has been deter-
mined to be 2.5 dBi.

2. ANTENNA DESIGN, PARAMETRIC STUDY

The reference antenna has been taken for the reso-
nating frequency of 10 GHz with Arlon substrate hav-
ing relative permittivity &=3 and the substrate's
thickness A =1.524 mm. The dimension of the patch
has been calculated as 10.6 x 7.8 mm?2 and the ground
plane's size has been taken as 31.8 x 23.4 mm?2. In the
modified antenna structure a U-shaped slot is inserted
inside the ground plane. Parametric analyses have
taken the slot's size into account. The best placement
for coaxial wire feeding in all the antennas has been
chosen as optimum value. Fig. 1 and 2 depict the refer-
ence and modified antenna configurations.

The parameters correspond to the size of the
U — shaped slot in the ground back plane are Wi, Wa,
and Ws, and the values are 19 mm, 1 mm and 12 mm
respectively which have been determined by paramet-
ric studies. The variation of Wi, Wz, and W3 has been
carried out keeping other parameter fixed. Determi-
nation of the value of W1 by parametric study appears
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in Table1 and Fig. 3 displays the corresponding
graphical representations.

2mm

I_— Wg=31.8mm e — g

Fig. 2 — Modified antenna with U shaped slotted ground plane
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Table 1 - Determination of the value of Wi by fixing the
W2=1mm and Wz =12 mm
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Table 2 — Determination of the value of Wz by fixing the
Wi=19 mm and W3 =12 mm

Value of | Resonating | Return- BW in
Wzinmm | Frin GHz lossindB | GHz
0.2 2.87 —23 0.01095
0.4 2.67 —22.9 0.01089
0.6 2.56 -21.5 0.01085
0.8 2.5 —20.6 0.01081
1 2.11 -28.5 0.01075
1.2 2.12 —21.1 0.01068
1.4 2.14 —20.1 0.01064
1.6 2.12 —20.2 0.01023
1.8 2.18 —20 0.01058
2 2.23 —-19.1 0.01098

Table 2 — Determination of the value of W3 by fixing the
Wi=19 mm and W2=1 mm

Value of | Resonating | Return- BW in
W1linmm | Fr in GHz lossindB | GHz

19 2.11 -28.5 0.01075
18 2.32 -20.9 0.01077
17 2.4 —24.7 0.02054
16 2.51 —23.8 0.06531
15 2.62 -21.5 0.02531
14 2.71 —24.6 0.04188
13 2.8 —26.7 0.05235
12 3.14 -27.6 0.08309
11 3.41 -27.6 0.06849

The value of the Wz has been finalized by taking the
parametric studies displayed in Table 2 and Fig. 4
shows the relevant graphical representation.

The value of W3 has been determined by the para-

Value of | Resonating | Return- BW in
Wsinmm | Frin GHz lossindB | GHz
12 2.11 —28.5 0.01075
11 2.12 —22.7 0.02023
10 2.16 -19.1 0.0382
9 2.18 —22 0.0431
8 2.2 -23 0.0483
7 2.21 —22 0.0381
6 2.22 —25 0.02050
5 2.25 —26 0.02815
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Fig. 3 — Fluctuation of resonant frequency as a function of W1
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metric studies with fixed value of Wi=19 mm and
We=1 mm. The results are presented in tabular form
in Table 3 and graphically in Fig. 5.
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Fig. 4 — Fluctuation of resonant frequency as a function of Ws
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Fig. 6 — Graphical Presentation of Frequency vs Return Loss

3. RESULTS AND COMPACTNESS

The reference antenna's 10 GHz resonance is with a
finite ground plane and with the optimal size of the
U — shaped slotted ground plane, the final designed
antenna resonates at 2.11 GHz. In Fig. 6, a graphical
representation of the simulated findings for the refer-
ence and suggested antennas 1is presented. At
2.11 GHz, the antenna's gain was found to be 2.5 dBi
and the graph is presented in Fig. 7. The simulated co-
pol and cross-pol radiation patterns at 2.11 GHz for the
suggested antenna are shown in Fig. 8. The proposed
antenna has been estimated to be nearly 96 % more
compact than the standard rectangular microstrip
antenna resonating at 2.11 GHz.
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4. CONCLUSION

The impact of a U-shaped slot at the rectangular
ground plane on the resonance frequency, return loss,
and bandwidth of a rectangular microstrip patch an-
tenna have been thoroughly studied and analyzed in
this literature. To find the U — shaped slot's ideal size
for achieving a very low resonant frequency, some par-
ametric analyses have been done. By comparison to the
standard rectangular microstrip antenna, the suggest-
ed antenna configuration is 96 % more compact and
resonates at 2.11 GHz with acceptable gain of 2.5 dBi.
This antenna can be used at any portable devices
where the space is the main constraint.
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JHocmigmxeuHsa Ta aHa i3 KOMIIAKTHOI MaTY-aHTEHU,
10 BUKOPUCTOBYE IJIOMNHY 3a3eMiieHHs 3 U-ciioTtom
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V¥ wmiii craTTl po3riIagaeThCs Ta BUBYAETHCS BILINB U-I0M10HOTO CJIOTYB IJIOMIMHI 3a3€MJIEHHS IIPSIMOKY-
THOI MIKPOCMY?KKOBOI aHTEHH 31 CKIHYEHHOIO IIOIIWHOI0 3a3eMJyeHHs. J[JIs cTBOpeHHs KOMIAKTHOL I1aTd-
aHTeHH OyJI0O BpaxXxOBaHO igeasbHUE po3mip 1 poamimierus U-moxibHoro ciora. Po3mip miisHKM cTaHOBUTH
10,6 x 7,8 MM2, a po3Mip 3arajbHOI IPAMOKYTHOI KOHCTPYKIIII aHTeH! CTAHOBUTH Jmire 31,8 X 23,4 mm2 pa-
30M 13 3MIHEHOI0 3aJHbOI0 IIJIOLIIMHOI 3eMJi. PedoHancHa yacTora eTasioHHOI aHTeHU craHoBuTh 10 I'T', a
micsisi BRyiodeHHs: U-TI0A10HOrO OTBOPY B 3a3eMJIEHY IIOBEPXHIO I Pe30HAHCHA YacTOTa 3HU3Wjacsa 110 2,1
I'Tu. Ilokpamene macuaeHHA aHTEeHW CTAHOBUTH 2,5 nbia. V it poboTi 0ys0 06roBOPEHO MOCIIIMKEHHS
KOMITAKTHOCTI IPAMOKYTHOI MIKPOCMYSKKOBOI aHTEHM Ta IIPOAHAI30BaHO BILIUB U-HOMIGHOTO CJIOTY HA KiH-
IeBy IUIOIIMHY 3a3eMJIEHHS Ha PEe30HAHCHY YacCTOTy, 3BOPOTHI BTpaTu Ta cMyry mnponyckanusa. [llasxom Ha-
JIANITYBAHHSI PI3HUX [IAPAMETPIB CJIOTY IIiJ[ Yac MapaMeTPUYHOrO JOCIIIKEHHsI Ta BUOOPY HANKPAIIOro
3HAYEeHHs PO3MIPY Ta IOJIOMKEHHs CJIOTY Oysa migidpaHa pe3oHaHCHA YacToTa MOAU(IKOBAHOI aHTEHH, IIO
cranoswmia 2,1 ',

Kiouosi cnosa: [IpsamoryrHa mikpomosocHa anresa, Komnakraicrs, U-moniOHwMii cJior.
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