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Abstract .
A simple, small, compact, low cost, and practical antenna for 2.4 GHz ap S is
proposed in this paper. A detailed investigation on miniaturized mlcrostrl antenna

design using a combination of proposed shorted patch and meapdering presented.
All design and simulations are done using Computer Slmuﬁﬁ udlo@software For
accuracy reasons, verification has been done, all bricated, and
measurements on return loss and impedance ban Were ed by using RF

Analyzer.
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1. Introduction % @

Wireless feature implementation ﬂe rapldlys&gxled over the past decades. Driven by
this rapid progress, requweme%& IIer,a eaper antenna design becomes an integral
factor in the deployment of wi S en ucts. It is evident that the wireless feature
has become an important agpgct in an i u ion of any new products nowadays, regardless
it being mobile or n cturerg n ays are pushing for a cheaper, smaller, simpler
and more integrate @ mplem% wireless features [1]. One key element in wireless
feature is the ante ign. the appropriate antenna design is crucial in order to
optimize the s cover and robustness of the transmission. The selection will also
reflect to th erial co ementation simplicity and manufacturability of the product.
The size of the antenna Qﬂ important factor. Small sized is typically desirable since it is
generally cheaper an le to be used in small products. Nevertheless the limitation of
antenna size is sfi nded to its relation the wavelength of the transmission [1]. Thus
reductions of an generally will have a negative impact to the performance. In most
needs to be done in order to get good balance between all of these factors [2].
in the standard requirements and a good knowledge on the variation of
n will greatly aid this trading off process. It is well known that the microstrip
a ave been widely used in the past decade for wireless enabled devices. This is
r@due to its attractive characteristics such as small size, low profile, low cost and good
repeatability, among others. Although microstrip antennas is by conventions are physically
small, the requirement to further shrinkage in size is still highly desired [3].

In this article, we implementing a combination of the proposed patch shorting and
meandering technique for antenna size reduction. Target resonance frequency is set to 2.4
GHz. The shorted patch method realized by the theory that when an antenna is operating in
the lowest mode, a virtual short circuit forms through a plane centered between the two
radiating edges [4]. This is achieved by implementing either a shorting wall, shorting plate or
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shorting pin. The proposed method in this implementation is the Planar Inverted F-Antenna
(PIFA). As for meandering technique, resonant frequency is lowered by lengthening surface
current paths. This is achieved by introducing disruption on the resonant-length path causing
the surface current to wonder according to a longer path. The proposed method in this
implementation is the Meandered Line Antenna (MLA) and the Bowtie Antenna [4].

In ensuring this work is relevant to a practical implementation of a wireless module
commonly used in the industry, a few limitations are set. The following describes these
limitations and its reasoning:

e  Microstrip-Fed Antenna: This feeding method is more practical especially for
integrated antenna wireless module since RF circuit and antenna will be on the same side of
the Printed Circuit Board (PCB).

e  Low Cost PCB material: Due to economy of scale, FR4 PCB material is sigrifica t+y
cheaper than others. 2 layer FR4 PCB is chosen in this work.

e  Full ground plane backed: To minimize internal interference from t suct itself
to the wireless transmission, a full grounded antenna structure is maintaine @

e  2-D structure: To simplify manufacturability and %ability %antenna a 2b
antenna structure is proposed. The antenna design and utilizes CST

his
studio simulation software. O \/

2. Design methods

A microstrip rectangular patch antenn e the ma@sic antenna configuration
used for practical application. A rect pa h¢ahtenna can be represented as an
array of two radiating narrow apert weach o and heights, h, separated by a
distance, L [5], typically hal ngth o& mtended resonance frequency as
illustrated in Figure 1. Becaus |mens the patch are finite along the length
and width, the fields at the e of th undergo fringing. Radiation will occur
from this fringing field whi extend\e ective open circuit beyond the edge.
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Figure 1. Antenna Structure
Due to the fringing field, the patch is electrically slightly larger than its actual physical

length. This difference between electrical and physical length is dependent on the height and
dielectric constant of the PCB. This deviation is given by formula below.
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0.412(h)(&; (W) + 0.3 4026
AL = h

W
(67 (W)= 0.25)(—-+0.8)

)

The effective dielectric constant, &gt can be further reduced to:

e, =t gt
22 W

&r is the substrate dielectric constant. ;
Since the length of the patch has been extended by AL on eac e the effeeti gth, Legof
the patch is now (L=A/2 for dominant T<010 mode with no@ g) Q

Le =L+2

For the dominant TM010 mode, the resonant fre , Tres 1S deMon the length of the
antenna itself, which is written as: %

S =

| =

2L & 4

Where po, &, and c are h&ee space eability, permittivity and speed of light,
respectively. This gives equatio h physical length in relation of resonant
frequency. For a design efficient r or, the following equation solves an optimized

width, W that prow 0 radlatl iciency, [5].

O 6@ Zf,,es g, +1

3. Simulation yS|s and Fabrication

()

a conventional rectangular patch antenna with inset feed is designed by using
e model and simulation. This is aimed to be a benchmark for antenna
n study in terms of size and radiation properties. Consistency of PCB
in simulation and material in fabrication is maintained for accurate comparison.
ensions are realized in the theory [5, 6]. By solving the equation discussed is section
2, a conventional rectangular patch was designed as performance benchmark in this study.
The target resonance frequency, f.s is 2.45GHz with center frequency of 2.4GHz ISM band.
Figure 2(a) illustrates the dimension of the conventional antenna. To confirm the actual
performance of the designed and simulated antenna, the design is fabricated by using actual
mass producer of PCB as in Figure 2(b).
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Figure 2. Proposed Antenna, (a) Measures (b) Fabricatia@Q
Table 1. Simulation Param& @
Parameter V. V
Size 1
Resonance frequency Hz \\/

10dB bandwidth 2.14%
Return 1055y | -35 dB, ™

Dlrfai : 3i\
ﬁ“ x\&

4. Results and Discussio

A few miniaturized antenng_desi pted in this work to observe the working
principle of proposed sho patch an ndering. The first design is based on shorting
wall concept where as of vias arg added in the middle of the patch where current is set
maximum and volta ero tity and positioning were tuned to optimize the size

and reduce induc ects. The of antenna is half of conventional patch where L = A/4
as [7]. Figur@ s the re@ of surface analysis for the proposed antenna.
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Figure 3. Schematic of the LNA to be Improved [3]

|

o i

As shown in Figure 4, in this design we obtained return loss of -30.4dB and an accurate
desired resonance frequency at 2.45 GHz is achieved. This is true as long as impedance of the
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pin shorting remains low. With high impedance shorting path the antenna will detune and
causes the resonance frequency to be shifted as [7]. It is also observed that the impedance
bandwidth of the antenna at10dB is 1.7% which is a little reduced compared to a full patch.
This reduction also causes the radiation pattern to behave differently compared to a full patch
antenna. As seen in Figure 6, the radiation spreads equally above the ground plane. This
result a lowers the directivity compared to a full patch antenna. The simulated directivity of
this antenna is 4.61 dB. The efficiency remains the same at 45%.
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Figure 4. Simulation Results (a) ?n LOSS@R&dI&tIOH Pattern
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5. Conclusions X
Novel, compact and low ¢ t@pende late antenna miniaturization design for

2.4GHz application has be sented. bserved that significant size reduction
from a conventional rectapgular patc a can be achieved by implementing these
proposed techniques. F , the radiatien properties such as impedance band width,

return loss, gain, direct |ty, effi ency, radiation pattern and surface current was

discussed and a } Imp@ nts were also made based on best efforts to
minimize the@&tlon
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