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Abstract

This paper presents a microstrip patch antenna loaded with slots and slits to achieve miniaturization. The antenna
is designed on FR4 substrate with a dimension of 27.1 mm x 37.9 mm x 2.4 mm. The antenna is introduced with six
parallel slots along the length of the antenna and two L Slits along the edges achieving antenna miniaturization. A
frequency miniaturization of 41.6 % with gain and radiation characteristics is achieved. The antenna exhibits good
radiation characteristics with a peak gain of 6.49 dB with good directivity of 6.294 dB. The effect of increase in slot and slit
length and width variation on miniaturization is presented with achieved S;; characteristics. The antenna operates as a

multiuband antenna covering major wireless applications like GPS, GSM, WLAN, Bluetooth and ISM.
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Introduction

The size reduction on every product has
increased and created a influence on researchers to work
on miniaturization. The influence on size reduction in
communication equipments and products created high
demand on antenna designs to reduce the effective size
of the antenna. The concept of printed antenna has good
attraction among researchers to utilize in the race of
miniaturization ~ using  various  techniques  of
miniaturization like using high dielectric substrate,
folding of the patch, use of shorting post, using EBG,
PBG materials, slots, slits and meta-materials [1-6]. To
achieve miniaturization the simplest approach used is
introducing slots and slits. The slot helps to create new
resonant frequencies where the slits help to create
meandering and helps to increase the electrical length of
the antenna achieving miniaturization.

The slots are introduced on the radiating patch
with various shapes and sized E, U, V, H-Shaped
antennas which are presented by various researchers [7-
9] and the effect of slits on meandering is also widely
reported for miniaturization [10-11]. The effect of L
shaped slots and strips on the radiating patch in various
shapes and structures are given by researchers [12-14].
The effect of slot loaded antennas for dual and multiband
applications has good attraction in various wireless
applications [15-17]. A simple effort is taken to present
the effect of slot on the radiating patch in
miniaturization. Further the influence of L slits on the
patch in the miniaturization through meandering with
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variable length is presented.

Antenna Miniaturization Using Slots

The antenna is designed with an operating
frequency of 2.4 GHz on a FR4 dielectric having a
permittivity of & = 4.4. The patch antenna is placed
above the ground on the dielectric substrate at a height of
h = 2.4 mm. The basic antenna structure is introduced
with a thin slot parallel to the electrical length with slot
width, length given by Sy =1 mm and S| = 5 mm. The
introduction of the slot in the patch creates the inductive
effect inducing new resonant frequencies. The length of
the slot is varied based on the ratio of operating
wavelength as A/4, A/8, A/16, A/32, M/64. The width of the
slot is also changed to observe the variations on the
antenna performance with changing widths as Sy = 0.5
mm, Sy =1 mm, Sy =1.5mm, Sy =2mmand Sy =
2.5 mm.

The variation in the length of the slot reduces
the Sy; characteristics in the lower band and the upper
multiband. The entire operational characteristic of the
antenna is changed with the introduction of the slot.
When the current path is observed it clearly shows how
the current with and without slot differs on the surface of
the patch. This alteration in the surface current
effectively alters the lower band frequency to further
lower value achieving miniaturization. The reactive path
of the antenna gets widely altered that indirectly affect
the impedance of the antenna. Even then the new
resonant frequencies generated make the antenna match
itself to all the multibands. The VSWR against frequency
plot clearly shows the matching in all the operating
bands as the values stays below 1.5. (with 1:1.5). The
antenna is designed with the introduction of slots parallel
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to the length of the antenna with variable length and
width. The effect of the slot on the radiating patch is
observed by introducing a single slot along the length of
the radiating patch. The dimension of the slot is so
chosen to match with the electrical length A/4 of the
patch antenna that helps to create inductive effect in the
equivalent circuit influencing the resonant frequency of
the antenna. The number of slots on the radiating patch is
designed with six slots in the form of windows as given
in the Figure 1. The window slots on patch resonate at a
lower operating frequency of 1.58 GHz with Sy; -15.05
dB and a wide band response at the higher operating
bands of 7.2 GHz to 8.5 GHz. The antenna achieves a
frequency miniaturization of 34.16% from the
fundamental operating frequency.
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with operating frequency of the patch. The length of the
L slit is optimized by changing the length and width of
the slot. The L slit in the top and bottom of the radiating
structure reduces the effective length of the antenna and
alters the electrical length of the physical structure. The
electromagnetic coupling however affects the isolated
structure and improves the radiation efficiency of the
antenna. The slits in the edges create a meandering effect
for the current to flow on the radiating patch. The
parallel slots are created with a width of 2.5 mm and
length of 15 mm. The Sy, against the frequency plot for
the antenna with dual slits for miniaturization is shown
in the Figure 3.
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Figure 1. Radiating patch with window slots

To achieve miniaturization narrow slits are used
along the edges of the patch to facilitate meaeffect. The
slits in the edges help the antenna to have frequency
alterations in the higher bands, and help to isolate
unwanted higher bands of frequency. The antenna is
designed with two L slits one at the top left and the other
at the bottom right edge of the patch with the dimensions
as given in Figure 2.
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Figure 2. Dimension of Antenna Structure

The length of the L slit is varied and analyzed for an
optimum length of 15 mm whose electrical length is /16

27.1mm
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Figure 3. Radiating patch with Window Slots and L Slits
in edges

The lower frequency shift to a lower frequency
of 1.48 GHz with Sy; value -10 dB and the other
operating multiband covering the frequency bands 3.2 -
3.39 GHz, 4.1 - 4.34 GHz, 6.63 - 6.83 GHz, 8.43 - 9.45
GHz with good impedance matching in the operating
bands. The VSWR against frequency for the designed
antenna achieved less than 1.6 for the entire operating
multiband as shown in Figure 4.
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Figure 4. VSWR vs Operating Multiband Frequency

Results and Discussions
The simulated antenna was fabricated and an Sy;
characteristic was tested using the Agilent Network
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Analyzer. The antenna achieved good matching between
the simulated and measured values. The Sy testing o i

Measured S|
Simulated S |

performed with network analyzer is given in the Figure 5 R
(i) and the fabricated antenna structure with L slits 1
having length 15 mm and 31.2 mm is shown in the
Figure 5 (ii).

8,, (dB)

R T O (L

Es, oo L R

goralschaaiadiatentieneds

Frequency (GHz)
Figure 6. Simulated and Measured S;; Characteristics

The antenna  exhibits good radiation
characteristics as required for commercial wireless
communications. The antenna operates with a total gain
of 6.49 dB having a directivity of 6.29 dB as given in
Figure 7 (i) and 7 (ii).
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Figure 5. (i) Testing with Network Analyzer

Figure 7. (i) Directivity at 8.91GHz

dB{(GainTotal)

Window
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(i) Fabricated

The comparison of simulated results with
measured values of Sy; characteristics is given in Figure
6.
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(ii) Gain Plot at 8.91 GHz

62



Beno. 2015

The fabricated antenna is tested for radiation
characteristics in the anechoic chamber as shown in
Figure 8.

Figure 8. Antenna Testing with Anechoic Chamber

The simulated antenna radiation pattern for the
E- field and H-field is given in the Figure 9 (i) and 9 (ii).
The radiation pattern testing is performed in the anechoic
chamber for E-field co-polarization and cross
polarization as shown in Figure 10 (i) and 10 (ii).

-180

Figure 9. (i) Simulated E-field Radiation Pattern

-180

(ii) Simulated H-field Radiation Pattern
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; —— E-Copolarization

Figure 10. (i) Measured E-field Co-polarization

o | —E~Cross polarization

(ii) Measured E-field Cross Polarization

Similarly the antenna is tested for the H-field
co-polarization and cross polarization shown in Figure
11(i) and (ii). The obtained pattern gives the E-Field and
H-field distribution with good directivity and gains most
suitable for the different wireless applications. The
antenna is tested for the entire operating multiband and it
satisfied the radiation pattern requirements.
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Conclusion

In this paper a novel design of parallel slotted
dual L slit microstrip patch antenna is presented. The
design helps to give an insight into the concept of
achieving miniaturization using slots. The work presents
the effect of a slot on radiating patch to the introduction
of the dual L slits in the structure and its influence on Sy;
characteristics. The antenna operated in the fundamental
frequency of 2.4 GHz is made to operate in multiband
having the lower band starting at 1.4 GHz achieving a
frequency miniaturization of 41.6%. The antenna operate
as multiband covering the frequency band 1.3 - 1.6 GHz
(GPS), 2.4 - 2.75 GHz (WLAN), 2.9 - 3.1 GHz (S-
Band), 4.4 - 4.6 GHz (IMT), 5.4 - 5.7 GHz (Wi-Max)
and 7.55 - 10 GHz (X-Band). The antenna achieved good
radiation characteristics with a peak gain of 6.49 dB and
above 2 dB in all the operating bands.
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