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Abstract

Abstract: - A design procedure for Microstrip rectangular patch antenna for Bluetooth application is presented. In Bluetooth open
wireless technology important constraints are size and installation of the antenna. In this paper the proposed antenna is designed
using transmission line model and can create resonance at 2.45 GHz with in Bluetooth freguency range 2400-2485 MHz. Coaxial
feed technique is used to excite the patch even though microstrip inset feed technique is present because of low radiation and
ease of installation. Placement of co axial feed for this patch is taken almost one third of length from virtual ground linei.e., at
the center line of the patch which is along the width lines and can creates resonance at 2.45 GHz with minimum reflection
coefficient (sy1) at this feed position. Fabrication is done using photolithographic technique and is tested with Agilent Network
Analyzer to measure VOAR and S;; parameters. S-parameters are used to measure the antenna performance and shown that Sy,
value is low at resonant frequency. Variation of input impedance as function of frequency is also presented using Smith Chart.
Radiation patterns are drawn both in E-plane, H-plane in anechoic chamber and parameters like gain, beam width (both E and H
planes) are measured. Designed antenna is ssimulated on FR4 substrate with loss tangent tand=0.02 using Agilent Advance

Design System (ADS) software. Smulation and measurement results are compared and discussed.

Index Terms: Transmission line model, Blue tooth communications, S-parameters, VSWR, Anechoic chamber.

1. INTRODUCTION

To exchange the data over a short distance comatiorica
wireless technology called Bluetooth is used with
frequency range 2400-2485 MHz. So antenna is aangab
device to transmit the data through unguided mebha.
wireless communication applications the major cwists
are size, weight and ease of installation of araenithese
constraints are overcome by using a low or flatfilero
Microstrip Antenna(MSA). MSA is a simplest configtion
of radiating patch of different shapes on one safe
dielectric material whose dielectric constant lied<eg, <12
and ground plane on the other side. It is a natvamnd wide
beam antenna. The conductors used for patch aerajln
copper and gold of different shapes. In order topé$ify
mathematical analysis and to predict patch perfanaaat
resonance frequency, conventional shapes like rrgutar,
square, circular etc. are generally preferred. takon of
patch is done by using different techniques likeetnfeed,
co-axial feed, aperture coupling etc. This papescdbes
designing procedure for rectangular patch antenitia o
axial feed technique at 2.4 GHz resonant frequesoy
radiating characteristics are presented in bothnH B
planes.

In transmission line model, the microstrip antenisa
represented by two slots of width W and heightepasated

by a transmission line of length L. Most of theotlie fields
are reside in the substrate and parts of some éreq air.
Since microstrip line is a non homogeneous, it cat
support Transverse Electromagnetic Mode (TEM)
transmission and because of phase velocities chiangi
and dielectric media, it can support quasi-TEM moadéy.
By considering the fringing effect and wave propaga
effective dielectric constante{s) is obtained rather than
dielectric constantef) whose value is slightly less thap
The length of the patch is slightly less thaf2, wherekgis
guided wavelength in dielectric medibo/(\/g) and kg is

free space wavelength to support jbivhode.

Patch is treated as an open-end transmissioratidehence
current is minimum and voltage is maximum at oped:e
At the center line of the patch along the widthelinhe
voltage falls to minimum and almost becomes to zbrd
current rises to maximum and forms virtual groumee.l
Beyond that line again voltage rises to maximumewverse
polarity and current falls to zero. So input impecka ( Z,)
of the patch varies along length line and remaimsstant
along width (W) lines. Normal and tangential caments
of electric fields are present at the edges ofpéeh with
respect to ground. Since these two slots are Seyolatzy

of

distance of\4/2, the normal electric field components are in

opposite direction along the width at the two edges
hence they cancel with each other in broadsidectitire
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However, tangential components are in phase ragulti
combined electric field and maximum radiation nolrrta
the substrate surface. Presence of the fringingsfialong
the radiating slots causes microstrip patch eleltyi
greater than physical dimension. The extended tefrgt)

is given empirically by Hammerstad [1]. Fig 1 shows

photographic negative of co-axial fed Rectangulatcip
antenna used for fabrication.

The loss tangent of dielectric media indicatesghantity of
electric energy converted into heat by dielectradma itself.
The antenna efficiency can be increased by havimgest
possible loss tangent. The relative dielectric tamtsg,
determines the physical dimension of antenna. Lotlver

value ofeg, larger the antenna size and vice versa. In this

presentation antenna is designed with, lRRaterial having
g=4.4, thickness h=1.6 mm and loss tangeni%@r02. FR
is inexpensive and can be used for wireless comration
applications. Moreover, it gives better results amdt is
effective. SMA( Sub-Miniature) co-axial connectos i
chosen to excite patch antenna. The main applicatio
SMA connector is on component for microwave systems

STDANUDEEP2011 CS

Fig-1: Photographic negative of patch antenna

2. ANTENNA DESIGN

The proposed antenna is designed with the spetifitsaas
Resonant frequency,) = 2.45 GHz, dielectric constany, {
= 4.4, height (h) = 1.6 mm. The width and effectigagth
of the patch are given by the fallowing formulag &hd
calculated values for above specifications are

w=—C&  =37.26mm
2f, & +1
2

Ly =32.920im

_ C
TN

Physical length of the proposed patch antenna can b

calculated by considering effect of extended lengthdue
to fringing effects along the widths and is

(6 + 0.3)["% + 0.2649

AL=0.41h = 0.7308m

(b -0.258(¥+ 0.%

1/2
Where o BRI et PURPALE B
2 2 W

and finally the physical length is| = Ly —2AL = 28.84mm
The input impedance of rectangular patch antenravien
[2] and is R —u

Zy =X+
1+ -
i

Since a coaxial cable of 80impedance is used as input
feed line of antenna, a 30 impedance point on patch can
be located by using the fallowing formula [1] asdjiven as

X = Lsin'l{ L] = 4.32nm
T R

e

The dimensions for ground plane are selected ih auway
that it can cover spurious radiation present atetiges of
the patch and are given ag+4.L+6h = 38.44 mm and \g\/:
W+6h = 46.86 mm. The gain of the antenna is GIAA =
4.19 dB and beam widths in E and H planes are leaéml
[4] using fallowing formulas

B = 2cOS™ % = 73.66 and
3B,W "+ foh
1/2
Gy, =2c08!| — | =110.2%
BH .
2(1+W?'8°]

With above calculated values the antenna is siradl@n
FR4 material with loss tangent of 0.02 using Adwahc
Design System (ADS) software. The size of the ardeis
37.26X28.84 mm which is suitable for Blue tooth
communication. The co axial probe can carefullyrizerted
to reduce the radiation. Ease of insertion and fmabe
radiation is advantages of probe feeding as cordp&oe
microstip line feeding. Fig 2 shows the proposedcstire of
antenna using ADS software Layout.

Fig-2: Layout of proposed antenna
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3. FABRICATION AND TESTING

The transformation of geometric shapes on a mastkeo
surface of FR4 wafer can be done by using photmitaphy
and the steps involved in this process are wafeariig,
barrier layer formation, photoresist applicationpfts
banking, mask alignment, exposure and developmedt a
hard banking. Below Fig 3, Fig 4 and Fig 5 shows th
ground plane negative of proposed antenna, frodtbeatk
photographic views respectively.

Ir089330uUnAdTE 22

Fig-3:ground plane negative of proposed antenna.

Fig-4: Front View of antenna

Fig-5: Back View of antenna

The performance of the designed antenna can besindd
by measuring parameters like reflection coeffici¢gt),
VSWR and input impedance {Zmeasurement using Smith
Chart. They have been measured by using two patbre
Network Analyzer. Fig 6 shows testing of fabricatedenna
using Agilent Network Analyzer.
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Fig-6: Testing of antenna using Network Analyzer

Radiation patterns are drawn by placing antenran@choic
chamber as shown in Fig 7 which is a room desigoed
completely absorb reflections of either sound or
electromagnetic waves. They are also insulated from
exterior source of noise means that chamber islatedi as

an open-space of infinite dimension

Fig 7: Testing of antenna in Anechoic Chamber

4. RESULTS AND DISCUSSIONS

Simulation and measured results of proposed migpost
rectangular patch antenna is presented in thisosedtable

1 and Table 2 shows the dielectric specificatimrsahtenna
design and calculated values for patch design.ign8Rhe
simulation input return loss; Swhich is about -12.529 dB at
2.417 GHz and is comparable with measured inputrmet
loss S; as shown in Fig 9 and is -9.04 dB at 2.38GHz. The
second major result of this antenna is VS\ER2 which is
very important. The VSWR corresponding to the netioss
as a function of frequency is given in Fig 10. Timportant
parameter of the antenna is impedance matchingisand
achieved by using a co axial cable of®@nd the variation
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PIEE s11 Log Mag 10.00ds/ Ref 0.000ds [F1]

of input impedance as a function of frequency isvah in 0.0
. . 1 2.3456160 GHz -9.3337 dB
Smith Chart and is about &4at 2.38 GHz. 4 LIRS m R

40.00

Table 1: Dielectric material specification for antenna
fabrication

30.00

20.00

Substrate Conductor

10.00

Dielectric | Substrate; Loss | Copper | Conductivity
constant | thickness| tangent| thickness o000

q
4.4 16mm| 0.02| 20um 5.8X10 W

-20.00

Table 2: Calculated parameters for patch design 3000
Width (W) 37.26 mm e
Effect|ve permlt“v'tyéreﬁ) 408 T:j{lzgﬁw IFEW 70 kHe = stop 25 Gz @l
Effective length (L) 32.92 mm Fig-9: S;; parameter measured using Network Analyzer
Extended lengthAL) 0.7303 mm e e e
Length (L) 28.84 mm
Ground length (L) 38.44 mm ' \
Ground width (W) 46.86 mm -
Feed position (x) 4.32 mm
ml 2.000 3
freq=2.417GHz i 2 i
dB(patCh245_m0m..S(l,l)):'12-529 TEtla.th‘ZGHz TFBW 70 kHe 2 smuzsemﬂ!"
S11 Fig-10: VSWR Variation measured using Network Analyzer
0 ! MR 511 Smith (Rejx) Scale 1.000U [F1]
2 A Yoo g Tisar b ires o 1ss
4
s,
g 8-
s 4
-10—
212
-14 T I T I T I T I T
20 2.2 24 26 2.8 3.0
Frequency
T_stavtzzGHz TFBW 70 kHe 2 = stop 2.5 Gz (@0
Fig-8: S;; parameter simulation using ADS Fig-11: Input impedance variation using Network Analyzer
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The drawn radiation patterns in both E and H plame
control room section of anechoic chamber are ptedeim

Table-3: Gain Measurement

Fig 12 and Fig 13 are in both rectangular and polar Frequency| STD | A.U.T | Difference | STD (SA) | Gain
ordinates respectively. The measured beamwidths9dte inGHz | Horn | PrA | inPrLevel HORN | A.U.T
and 114in E and H planes respectively and are agreed with PrH | (dB) Gain(dBi) | (dBi)
calculated and simulated values. The gain of theraa is (dB) PrH-PrA

measured by using two element antenna method with

standard Horn antenna of gain 16.9 dB. The gairhef 2.35 -19.8 | -33.3 -13.5 16.9 3.4
proposed antenna is 3.4 dB at 2.35 GHz which is

comparable with calculated and simulated resulehld 3
shows gain measurement.

Comparative results obtained by calculation, sitnoteand

Project Name: PATCH Antenna Model No.: 2.35GHz

Date: 4102013

measurement are presented in below Table 4.

2357 GaN 235 GAN Table-4: comparison of proposed antenna parameters
Parameters| Calculated Simulated Measured
frequency 2450MHz 2417 MHz 2350MHz
Bandwidth | 40.55MHz  39.32 MHz| 43.1 MHz

Beam 73.67 81.8 9
Width E-
Beam 119.29 105 114
Width H-
Gain 4.19dB 2.59 dB 3.4dB
CONCLUSIONS
This paper presents design procedure of a co-dgil
microstrip rectangular patch antenna at 2.45 GHe fo

Fig-12: radiation patterns in polar coordinates

Project Name: PATCH Antenna
Date: 4/10°2013

Model No.: 2.35CHz
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Fig-13: Radiation patterns (E and H Planes) in Rectamgula
Coordinates

Bluetooth application. Main parameters such asrmeloss
(S1p), input impedance @, gain and radiation patterns have
been studied and are agreed with measured rediits.
antenna can be used for Bluetooth application argdfully
utilizes the entire frequency range 2.4-2.48 GHheT
resonant frequency of proposed antenna is occatr@d38
GHz and also VSWR is<2 which are important results.
Moreover, any patch antenna with co-axial feed napke
with good resonant frequency can be designed wtith t
procedure.
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