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Abstract: In this manuscript, compact multiband antenna for
four different wireless applications is presented. Two stubs
which are embedded on radiating patch produces resonances for
Global Positioning System (GPS) and Universal Mobile
Telecommunication system (UMTS). Also, the other two
resonating bands are obtained by etching two slots which
produces resonances for WiMAX and WLAN bands. Antenna
offers good gain and radiation pattern at operating frequencies
bands. Furthermore, to control resonating bands which are
obtained by means of stubs and slots, antenna is reconfigured by
using 4 PIN diodes. Antenna is designed on Rogers RT
Duroid5870 with compact dimensions of 20x20 mm?,

Index Terms: GPS, UMTS, WiMAX, WLAN, RT Duroid, PIN
Diode

I. INTRODUCTION

As the demand for use of existing wireless applications
like Global Positioning System (GPS), Universal Mobile
Telecommunication System (UMTS), Bluetooth, WiMAX &
WLAN, need for single antenna covering all the above
applications has also increased due to miniaturization of
Printed Circuit Board (PCB). Literature survey reveals
numerous multiband antennas which are also reconfigured. A
simple antenna presented in [1] provides operation for
WIMAX and WLAN bands which also permits switching
upto ten frequency bands between 2.20GHz-6.00GHz. Area
of the antenna occupies 50x45mm? space of PCB and two
PIN diodes are used to convert multiband antenna into
reconfigurable characteristics. Also, four bands antenna
based on loaded metamaterial and slots targets wireless
applications such as GPS, WLAN and WiMAX wireless
system occupying volume of 0.212(x0.23X,x0.01%, with
designed center frequency of 2.40GHz [2]. Hexaband antenna
resonating at 1.30GHz, 1.75GHz, 33.35GHz, 6.50GHz and
7.60GHz respectively is reported in [3] which uses three
asymmetric fork-shaped radiating elements including U-type
radiator with slit. Antenna designed on FR4 substrate with
area 27x24mm? having proximity coupled feed operates for
LTE2300 (2.30GHz-2.40GHz), Bluetooth
(2.400GHz-2.485GHz), WiMAX (3.30GHz-3.70GHz) and
WLAN  (5.150GHz-5.825GHz) wireless applications.
Complete antenna consists of rectangular patch which is
cornered truncated, microstrip feed (meandered) and DGS
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(Defected Ground Structure) [4]. By cutting U-shape slots on
radiating patch [5], tunable triple band antenna is obtained
covering bands like 2.07GHz-2.60GHz, 2.86GHz-3.57GHz
and 4.59GHz-5.39GHz. Dual polarized antenna, one linearly
polarized for UMTS, WLAN (2.40GHz) & WIiMAX
(3.50GHz) and circularly polarized for
GPS(1.575GHz)/GLONASS is result of three rectangular
stubs fed by microstrip [6]. Also, three operating bands are
obtained by means of pair of L-shaped slots and rectangular
slots [7]. S-type fractal with three iterations results in
resonance for 2.50GHz, 5.30GHz, 7.10GHz and 8.40GHz
respectively. These applications targets Bluetooth, WiMAX
and WLAN bands [8]. F-shaped radiator with defected
ground plane results in triple band of operation intended to
cover WiMAX and WLAN applications [9]. Ground plane
and radiating patch over the antenna size of 30x34x0.8 mm®
is capable of covering UMTS, WiMAX and WLAN wireless
applications [10]. L-U shaped slots on rectangular patch,
combination of fractals (Koch Snowflake and Sierpinski
Carpet) also results in multiband functional antennas [11-12].
Proposed work shows design of antenna on Silicon Substrate
with compact dimension of 20x20mm?. Antenna offers four
bands of operation for Bluetooth, WiMAX, WLAN and X
Band applications.

II. ANTENNA CONFIGURATION AND
RECONFIGURABLE CHARACTERISTICS
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Fig.1. Antenna Configuration (a) Inclined Plane View (b) Designed
Multiband Antenna (Front view without Multiband function) (c) Multiband
Characteristics (Front view).

Complete antenna design is shown by Fig. 1 which illustrates
explanation of designed antenna. Fig. 1(a) is inclined view of
proposed antenna which shows radiating patch on one plane
and ground on opposite plane of Microwave substrate Rogers
RT Duroid5870 with electrical properties €=2.33 &
tan6=0.012. Patch is fed by 50Q microstrip line which has
dimension of D;gxD;; mm? and height Dz mm. In order to
achieve reconfigurable characteristics, four RF PIN diodes
are used. Fig. 1(b) provides initial design to obtain single
resonant frequency which is combination of partial hexagon
and ellipse. Fig. 1(c) explain multifunctionality feature of
designed antenna. Two stubs provides necessary resonance
for GPS and UMTS wireless applications, whereas, two stubs
etched on radiating patch results in WiMAX and WLAN
wireless communication system. Furthermore, to convert
multiband antenna to reconfigurable 4 PIN diodes are used by
which individual wireless application band can be controlled
(ON/OFF state of PIN diode). All the parameters shown in
Fig. 1(a)-(c) are optimized by EM simulator Ansys HFSS and
are tabulated in Table I:

Table I: Optimized Parameters

Parameter mm Parameter mm
D; 20.00 D13 7.00
D, 20.00 Di4 2.00
D3 0.787 Dis 2.75
Dy 2.85 Dis 7.00
Ds 9.00 Di7 20.00
Ds 14.00 Dig 5.00
Dy 5.00 Dig 5.67
Dg 5.10 Dyo 2.00
Dy 12.00 Dy 5.00
Dio 9.00 Dw 8.50
D11 3.00 D 4.675
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Fig.2. Configuration of Antenna (a) Antenna A (b) Antenna B (c) Antenna
C.

Fig. 2 provides the study of single band antenna with antenna
design shown by Fig. 2(a)-(b) and respective return loss of
-10dB bandwidth by Fig. 2(c). For the initial design
consisting of hexagon patch and rectangular ground plane
provides resonance at 5.53GHz (RL=-28.32) and covers
bandwidth of 4.52GHz-7.11GHz. To further decrease the
resonant frequency, Step 1 is modified by embedding ellipse
on hexagon patch leading to completion of Step 2 which gives
new resonance frequency at 3.31GHz (RL=-21.85) and
bandwidth of 2.35GHz-4.98GHz. At this stage of design, it is
possible to convert proposed single band antenna to
multiband antenna.
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Fig.3. (a) Multiband Antenna (b) Return loss curve for various condition of
PIN Diodes.

Fig. 3(a) illustrates front view of proposed antenna with
multiband characteristics. Fig. 3(b) represents Return Loss
curve for various ON/OFF conditions of PIN diodes and
respective results are tabulated in Table II.

Table 11: Analysis of proposed antenna

. . Return Loss (dB)
Diode Condition X\g;?ils:;ions I(Bé:'(i\)mdth with Resonating
Frequency (GHz)
PD1=0OFF, PD;
=OFF, PD3 =0ON, Single Band 2.35-4.98 -21.85 at 3.25GHz
PD4=ON
PD;FON, PDz
=OFF, PD3=0N, GPS 1.562-1.591 -31.33 at 1.577GHz
PD,=ON
Eg}\IOP’é;P:I(D)ZN, GPS 1568-1.588 | -41.22 at 1.579GHz
PD,=ON UMTS 1.96-2.28 -39.65 at 2.15GHz
PD;=0ON, PD, GPS 1.559-1.577 -44.98 at 1.573GHz
=ON, PD3 =OFF, UMTS 1.81-2.25 -32.33 at 2.12GHz
PD,=ON WIMAX 3.36-3.57 -28.39 at 3.49GHz
GPS 1.568-1.582 -48.33 at 1.573GHz
Do POy | umTS 190220 | -44.81at 2.05GHz
PD4=YOFF ' WIMAX 3.36-3.57 -25.22 at 3.49GHz
WLAN 5.03-5.38 -29.93 at 5.17GHz

With condition PD,=OFF, PD,=OFF, PD;=ON and PD,=ON
antenna provides single band operation. GPS band
(1.562GHz-1.591GHz) is achieved when PD;=ON,
PD,=0OFF, PD3=ON and PD,=ON state. Under the condition
PD;=ON, PD,=ON, PD;=ON and PD,=ON state, GPS
wireless system including UMTS bands are achieved. Tri
band applications are achieved PD;=ON, PD,=0ON,
PD;=0OFF and PD,=ON state. Multiband antenna is achieved
with resonating at four different frequencies covering GPS
(1.568GHz-1.582GHz, -48.33 at 1.573GHz), UMTS
(1.90GHz-2.20GHz, -44.81 at 2.05GHz), WIMAX
(3.36GHz-3.57GHz, -25.22 at 3.49GHz) and WLAN
(5.03GHz-5.38GHz, -29.93 at 5.17GHz) wireless systems.
To obtain this, PD;=ON, PD,=ON, PD3;=OFF and PD,=OFF
states are set.

I11. ANALYSIS OF SURFACE CURRENT DENSITY
DISTRIBUTION, RESULTS AND DISCUSSION
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(©) (d
Fig.4. Surface current denity distribution at (a) 2.447GHz (b) 3.60GHz (c)
5.56GHz (d) 10.58GHz.

Antenna behavior is also analyzed by studying surface current
density distribution at resonating frequencies which are
centered at 1.575GHz, 2.00GHz, 3.50GHz and 5.25GHz
which are shown in Fig. 4(a)-(d). It | evident from Fig.
4(a)-(b) that the current density distribution is different for
different resonant frequencies. For first and second resonant
frequency centered at 1.575GHz and 2.00GHz, large surface
current density distribution is seen at corresponding stubs.
Whereas, as observed from Fig. 4(c)-(d), large current density
is observed around slots for resonating frequencies centered
at 3.50GHz and 5.25GHz respectively with common feature
that large current is also concentrated along CPW feed line.
To confirm the results obtained, simulated results are
compared by using two simulators, EM Simulator Ansys
HFSS and CST Microwave studio. Fig. 5 shows return loss
curve obtained by both simulators and Table 111 tabulated
values. From table, conclusion can be drawn that almost there
is good agreement between both the simulated results

confirming the design characteristics for multiband
applications.
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Fig. 5. Return Loss comparison (HFSS & CST Microwave studio) (a)
UMTS, WiMAX and WLAN bands (b) GPS application.

Table I11: Return Loss Comparison

Return Loss (dB) with
Simulator Bandwidth (GHz) Resonating Frequency
(GHz)
1.568-1.582 -48.33 at 1.573GHz
HESS 1.90-2.20 -44.81 at 2.05GHz
3.36-3.57 -25.22 at 3.49GHz
5.02-5.36 -29.93 at 5.17GHz
1.551-1.586 -40.289 at 1.576GHz
CST Microwave 1.92-2.27 -33.987 at 2.11GHz
Studio 3.31-3.58 -21.895 at 3.52GHz
4.93-5.35 -33.698 at 5.22GHz
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Fig.6. Simulated normalized radiation patterns in E and H-plane (dB) at (a)
1.576GHz (b) 1.97GHz (b) 3.44GHz (b) 5.26GHz.

Table 111 shows return loss comparison of two EM simulators
HFSS and CST microwave studio obtained from Fig. 5. It can
be concluded that there is very little variation with respective
to operating bands for GPS, UMTS, WiMAX and WLAN
bands due to working of simulators on different analytical
platform.
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Fig.7. Gain of Antenna and Radiation Efficiency.

Normalized radiation pattern for frequencies 1.576GHz.
3.58GHz, 3.44GHz and 5.26GHz are shown in Fig. 6 for
E-plane and H-plane. It can be observed that there is good
agreement  between two simulators which  shows
omnidirectional pattern in H-plane and dipole like pattern in
E-plane.
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Fig.7 represents gain of simulated antenna. For GPS
wireless application, gain varies from 3.66dBi to 4.02dBi.
Similarly for UMTS, WiMAX and WLAN application, gain
ranges between 4.22dbi-4.91dBi, 4.66dBi-4.89dBi and
4.62dbi-6.574dBi. Fig. 7 also represents radiation efficiency
of antenna with maximum radiation of 91%.

IV. CONCLUSIONS

Miniaturized compact multiband antenna designed for
Microwave substrate Rogers RTDuroid5870 is presented
(Dimension: 20x20x0.787 mm® for multiple wireless
applications including GPS/UMTS/WiMAX/WLAN
systems. Results are compared by using two simulators
(HFSS and CST Microwave Studio) which are in good
agreement with each other. Antenna has also good far field
characteristics including maximum gain of 6.574 dBi,
radiation efficiency of 89.63% and desirable radiation
patterns.
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