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Abstract: In this paper a new rectangular microstrip patctermmafor wireless communication systems
designed and tested practically. The rectanguléchps modified by changing the basic parametedsliray
triangular pieces to the bottom patch ,making ltssio the edge of the patch and etching rectanglarir the
ground plane .The optimized antenna (final modifag give a band of (2..-20) GHz in which the return lo:
S11 is less tharl®dB and a gain of (C-8) dBi . The slotted rectangular antenna is fabricated=R4 having
relative dielectric constant @r=4.3 and loss tangent of 0.02.The dimension ofphieh is (4x40x1.6)mn?
.The slotted rectangular patch is tested pracyicaing the Vector Spectrum Analys (VNA) for insertion loss
(S11),voltage standing ratio(VSWR), and input imgeck . It s found that the simulation results ag
(mostly) with the practical results. The antenngedby 5(Q transmission line.

Keyword: Microstrip patch antenna, Return loss (S11), Voltage standing wave ratio (VOWR), Sotted
rectangular antenna
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1. Introduction

An antenna is an element used for transmi or receivhg electromagnetic wave. T
antenna isavailable in several different size and shapes,thed all operate according to t
same basic principles efectromagnetics. Many types of portable electrdenxices, such ¢
cellular phones, GPS receivers, pagers, palm elactdevices, telematics unit in vehic
and laptop computers, need an efficient and effeantenna for communicating wireles
with other fixed or mobile communication units. Aicrostrip patch antenna is a ty of
antennas that advance a low profi.e. thin and easy to fabricateshich provides a grei
advantage over traditional anteni[1,2]. Patch amnnas are planar antennas used in wire
links and other microwave applications. Microsttgn be fabricated using photolithograyg
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techniques. It is easily fabricated into linear ppanar arrays and readily integrated v
microwave integrated circ@itThere are several techniques to feed microstriprenat. Thes
techniques areidided into two groug contacting and nonentacting. The contacting fe
technique such as coaxial cable and microstrip, liwkile the no-contacting such &
proximity couping and aperture couplii [3,4,5].

When using transmission line model to design ofamgular microstrip patch antent
we have to firsidentify the operating resonant frency ‘f’, the relative dielectric conste
‘e, and the height of the substrate (thickne’h’. The width ‘W’ of the patch can |
calculated from [6,7].

[« 2
W=—
2f+f er+1

(1)

Where ‘c’ is the freespace velocity of light. After calculating the whdtthe effective
dielectric constant valuereff’' is calculated by using the equati(2) [8]

_ -1/2
greff :srz—l + 81’2 ! [ + 12 %:I (2)

Now the calculation of extension in length of treggh ‘AL’ is required which can be done |

(erefr+0.3)(1-+0.264)

(erefr—0.258)(1+0.8)

AL =h x 0.412 3)

The length of the patch ‘L’ can kcalculated by subtracting the extension in lengit
both sides of the patcfhe pictorial representation of the extensiotemgth AL’ is shown
in figure (1)

L= 2% 2AL  (4)

2. TheProposed Rectangular Patch Antenna

The antenna is fed by a @Cmicrostrip feed line on a substrate of sizex Lg). The
substrate used with a thickness .6 mm and relative dielectric consteg,= 4.3 with loss
tangent tard= 0.02. The rectangular radiation patch which fed bgrostrip feed line printe
on oneside of substrate and the ground plane pr on reverse side. The rectangular p¢
with the initial parameters is shown in fig
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Figure 1: Proposed antenna with initial parameter
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The parameters L, W, s, W;, Ly and W, affect the antenna characteristics and
optimized for wideband respon Let us study the effect of each parameter when albther
parameters are fixed.

2.1 The€effect of patch length (L)

The firstparameter is length the rectangular patch which shown in fg.lt is observed the
L=23mm give better impedance bandwidth, with theues of other parameters W=29m
Li=15mm, W=2.5mm, l;=12mm and Vz=40mm. It gives dual band (2&8) GHz and (8.1-
9.5) GHz

511(dB)

Figure 2: Simulated the return losses as a function of frequency at varying L.

2.2 Theeffect of patch width (W)
Fig.3 shows the simulated reflection coefficients of #r@genna with the varying tt

width of the rectangular patch. It is clear tha thestresult atw=30mmwith the values of
other parameters L=23mm=15mm, W=2.5mm, l;=12mm and WW=40mm also dual band
(2.5-3.7) GHz and (8-9.3%)Hz is obtained

W 511(dB)

Figure 3: Simulated the return losses as a function of frequency at varying W.

2.3 The€effect of feeder length (L)
The effect of varying tt feeder length on the return losses is shown . It is

observed from the figure th#te feeder length give best resultgt15mnwith the values of
other parameters ale=23mm, W=30mm, \=2.5mm, lg=12mm and Vg= 40mm. Also it
gives dual bandss before .
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Figure 4: Simulated return losses versus frequency at varying Lf

2.4 Theeffect of feeder width (W)

The effect of the widtlof the feeder is clear in fig. It is observed that when decre:
feeder width to W=2.2 mmwith the values of other parameters are23mm, W=30mm
L=15mm, Lg=12mm and W=40mm. It givis dual bands (2.9-3.QHz and (7.-9.3) GH in
which S11< -10dB.

s11(dB)

IS Y DRI SO SRR -4 [/ S 1.9 mm
—f=2.2 mm

S S S S
H === wf=2.5 mm

—» «—W;

2 4 6 8 10 12 14 16 18 20
Frequency / GHz

Figure 5: Simulated return losses versus frequency at varying Wf

2.5 Theeffect of addition of triangular pieceto the Patch

Fig. 6 shows add triangular shape to the bottom rectangatch.At fixed parameter
atL=23mm, W=30mm, £15mm, W=2.2mm, lg=12mm and W=40mnit gives four bands,
they are (2.6-4.5)GHz, (910.8)GHz, (14.-15.7)GHz and (17.49.5)GHz

STA(fiB) —

— add triangular

Added ) = = = yith out add triangular

. 22
triangular shape 2 4 6 8 10 12 14 16 18 20
Frequency / GHz

Figure 6: Simulated return losses versus frequency at adding triangular and without addition of triangular piece

2.6 Theeffect of ground plane length (Lg)

The effect of varying the length of the ground plaa shown i fig.7. It is clear that
decreasing thground plane width to =11mm,(with the value®f other paramete are
L=23mm, W=30mm, =15mm, W=2.2 mm and W} 40mm), lead to ¢ triple bands (2.5-
4.3) GHz, (8.4-115Hz and (13.-19.4)GHz.
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Figure 7: Simulated return losses versus frequency at varying Lg

2.7 Theeffect of ground plane width (W)

The effect of varying the width of the ground plaeseshown in fig.8. It isobserved that for
Wg=14mm(with the valuef other paramete areL=23mm, W=30mm, ;=15 mm, W=2.2
mm and lg=11mm),leads tdriple bans (2.3-5.4) GHz, (8.32.4)GHz and (14-19)GHz.

511(dB)
0

-— - wg=10 mm
|=—wg=14mm|

; i A | T Wg=20 mm N
—> <—Wg 20 - = wg=40 mm
2 4 6 8 10 12 14 16 18 20

Frequency / GHz

Figure 8: Simulated return losses relation to frequency at varying Wg.

2.8 Cutson the Patch and Ground

It is observed that when iut of L shape is made in the rectangular edges wiilisead
to triple bands (2.3-5.83Hz, (6.210.6) GHz and (12.7-2@Hz as shown | Fig.9 .

s11(dB)

—— cut edge of rectangular
e = with out cut edge of rectangular

. 4 20 3
[ S WA O St S SO A SO SO S
24

Frequency / GHz

Figure9: Show simulated result of cut edge of rectangular and without cut rectangular edge

To increase the bandwidth of antenna we cut stapartriangular part (the patch as
shown in fig.10, which results dual bands (2.3-11.9) GHz and (12.3-@W)z.
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Frequency / GHz

Figure 10: Show simulated result of cut step in triangular and without cut

In cutting the rectangular sloin the ground plane. It can be obsel that this will
increase the bandwidth of the ante and the final characteristicsseown in ig. 11 which
shows that it gives only a single transmissiondo@n2¢-20) GHz.
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Figure 11: Show simulated result of cut rectangular slot and without cut

3. The Performance of the Proposed Antenna

The performance of proposed antenna in terms oéatfin coefficient, gain, curre
distribution and dr field radiation pattern are discus:

The parameters of the optimd antenna design that givettae performanc (i.e better
reflection coefficient) arehown in table 1

Table 1: optimal deign dimensions of the proposed rectangular antenna.

Parameter Description Value
Ls Substrate length 42mrmr

Ws Substrate width 40mrr

L Rectangular patch length 23mn

w Rectangular patch width 30mn

L¢ Feeder length 15mm

W; Feeder width 2.2mn

Ly Ground plane length 11lmm
Wy Ground plane width 14mn

The gain of the proposed antenna is shown in figultich shows the gain variation in t
range of (-8.4-10.5) dBi..
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Figure 12: Simulated the gain of the modified antenna

To improve the gain characterist many slots are added with different shapes and
to the patch as shown in fig.. The new gain is in the range (0.8elBi as shown in fig.1.
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Figure 13: Modified antenna with slots
» \‘ | with slots

= = = without slots

Frequency / GHz

Figure 14: Simulated gain of antenna with slots and without slots

The rectangular antenna with slis fabricated and tested. Photograph of the fabric
antennais shown in fig. 1. The reflection coefficient is measuresging VNA. The
simulation results angheasured resu are compared as shown in figs. 16,17,18 respegi
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Figure 15: Photograph of the fabricated antenna, (a) Top view, (b) Bottom view
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Figure 16: Simulation and measured S11 versus frequency for the final modified antenna.
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Figure 17: Simulation and measured VSWR versus frequency for the slotted antenna
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The current distributiorof the proposed antenna is shown in fig.19, theeairis not
distributed equallyn structureFig.19(a) shows the currentstiibution at frequenc3.2 GHz.
The maximum current i441.2 A/m, from the figure we obsee that the mo current
concentrationsn the feedlineln fig.19(b), the current distribution at frequel 10.35 GHz.
the maximum current i$12.1< A/m, from figure observe that the most concentrations cul
in feedline and arounthe slots in the patch. Fig.(c), the current distribution at frequen
18.9 GHz, The maximum current 160.8 A/m, from the figure weobserve that the nst
current concentrations is the lower edges of the pat
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Figure 19: Currents distribution in the optimized antenna, (a) f=3.2GHz, (b) f=10.35GHz and (c) f=18.9GHz

The radiation characteristicf the final modified antenna asfunction of space coordin:
show in fig.20 For a linearly polarized antenna, performancefien described in terms
the E and H plane patterrnishe E-plane is the plane thabntaining vector of the electric fie
and the directions of maximum radiation while th-plane is the plane thicontain the
magnetic field vector and the direction of maum radiation [9] .
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Figure 20: Radiation pattern of the optimal proposed antenna at, (a) f=3.2GHz, (b) f=10.35GHz and f=18.9GHz

The elevation plane x-plane with some certain azimuth an¢) is the principle -plane
while for the azimuth plane-y plane with some certain elevation angles the principle o
H-plane[10] The two dimensional -plane and Hdlane are simulated at tle frequencies as
shown in fig.20. In the plane, the value ¢¢ is (0°, 45° and 90°) while in -plane, the take
value off is (0°, 45°and 90°). Three frequencies witpass band that uized for radiation
plot, which are at the lower bound2GHz, 10.3&Hz at the middle bound and 9 GHz at
the upper bound.

The simulation far field -D radiation patterns of thénal modified antenna at variol
frequencies 3.2GHz, 10.8%1z and 18GHz is shown in fig.21These figures show tt
directivity over the phi and theta angles for th#eana. For the frequencies2GHz the
maximum directivity is 2.96dBi, 10..GHz the maximum directivity is 5..dBi and 18.9GHz
the maximum directivity is 4.tdBi.
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Figure 21: Simulated far field 3-D radiation patterns for the optimal proposed antenna at; (a) f=3.2GHz, (b)
f=10.35GHz and (c) f=18.9GHz.

4. Conclusions

A rectangularantenna is designed and tested practically. Ioisyd that themodified
antenna give good pasmnd (i.e S1< —10dB) is (2.25-20GHz. The performancof the
antenna is improved bwdding many slots tohe rectangulapatch so that the gain
improved to(0.8 —8)dBiTheoptimized antenna if&bricated and tested practically using
vector network analyzer (VNA) and the results oftSYSWR and input impedance ¢
compared with the simulation results. It is fourdt the results agrees (mostly) w
simulation results and the slight difference isilatited to fabrication error. This leads to
suitability of the antenna for the frequency bi (2.220)GHz wireless communicatic
applications.
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