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. Abstract
This research worlwasconducte to examine and design different configuratioh frequency reconfigurable antenna arrays for
satellite communication. Different configurateof microstrippatch antenna arrays halveen designed and simulated to attin
wide bandwidth and assortmeint frequency radiationsRF PIN dodes were used as a switch for frequency hoppirgpur
different antenna arraywhich wereconjunctby power dividerghrough port feed configuratiowere designed and simulated
Depending on the state of RF PINode the frequency reconfigurable antenna arrays were capable of operating at different
frequenciesDeprived of making any modification in the geetny, frequency hopping wasxamired by only changing the RF
PIN dode switching stateBy changing the switchmconditions of switche$requency reonfigurable antenna arrays caperate
in single, dual and triple modes of band. All four frequency reconfigurable antennawerayexamined and compared in terms
of their microwave performance parameters suchreguency bandwidth, radiation patter@§WR, peak gain and return loss.
From these configurationsconsiderablywide bandwidthwas achieved inT-shapal metal stub patch anthe preeminent
frequency configurability achieved the wheelpatch configuration
Index Termsd Microstrip, Antenna Arrays, RF PIN diodes, frequency re-configurability . (keywords)

. Introduction
In moderntelecommunicationte-configurable atennas are vital because of thieige demand. Reonfigurable antennas offer
the aptitude taynamically adjust their operating frequency and other antenna parameters such as radiation pattern, bandwi
and polarizationTheseantennas are particularly helpful where several communication systems converged and due to multipl
antennas are requireth that case a single reconfigurable antenna can be used for getting optimum results to reduce spa
complexity. To make antenna reconfigurable, different techniques can be cimgsiderelectically by using RF PIN diodes,
Varactor diode and RF MEMS.
Single element antenna outcomes are low gain and directivity. Single element antenna also gives the broad radiation patt
Those systems in which high gain is on priority basis then array of radiating elements are used. Arrays are simply nahbinatio
two or more radiating elements so that they can enhance the effect to improve gain of antenna, directivity etc, which is r
possible by usingingle elemenfl]. Mi crostrip patch antennas posses6 small
immensely used imillimeter wave applicationf2]. A rotatable antenna array, which also carries the properties of pattern and
frequency reconfigurable has been designed. In this paper tlaleen2nt arrays have been designed and to achieve high gain
properties of quasjaggi antenna were follow. The designed arrays have 2.66GHZ2&GHz frequencyunable band3]. This
paper proposed a capswenformal antena array, which consist of two mirrored dual band element operating at frequencies
434MHz and 2.45GHz ISM. This antenna array is pattern and frequency reconfigurable, designed for bioelectronics to m
challenges of next generationtimman body4]. A bow-tie antenna, which is having the property of pattrerconfigurability for
imaging applications of functional brain has been proposed. For patteomfigurability pindiodes has been inserted to control
the direction of main beam. The realized gain of #immantenna is increased from 1.29dbi to 2.38tthoperating frequency
3GHz, by using metasurface structuf®]. Polarization reconfigurable antenna array for wireless application as satellite
communication and radar systems has been proposed. For polarizatioigteabld characteristics four pin diode are modeled
into the ground slot. The scanning range of array is’ 1@l +20 in X- and Kuband respectively6]. In this paper a cube
antenna system operating at frequency 5.8GHbgd) with characteristics of pattern reconfigurability for cognitive radio
application has been presented. In center a reconfigurable feeding network is placed to control fou etsliatints of antenna
array. A microstrip line configuration with reflective SP8T switch is used which allows four output ports teereight
radiation patterng7]. There are many benefits of using reconfigurable antemsathey have ability to beer more than one
wireless standard. They are cost vise low, reduce space complexity, and make integration more simple and low front e
processing. Reconfigurable antennas can give narrow and wide bandwidths depending upesigtiieg@B]. A compact
frequency reconfigurable antenna using six RF PIN Diodes with double slots has been addressed. This anterataslenafs cap
operating at eleven different frequencies depending upon the switching condition of RF PIN[@lio®@esign and analysis of
reconfigurable microstrip patch antenna has been proposed. This antenna design is based on RF PIN diodes to gefaadiation a
different frequencies, different switching conditions gives results in different hoping of notch freq[igjcyA frequency
reconfigurable microstrip circular patch antenna for wireless devices has been proposed. This antenna consists ofatircular p
and circular slot and two RF PIN diodes Switching[11]. A 4-element reconfigurable antenna array have been designed with
the capability of switching using Rpin diodes. Fabricated bandwidth ofgfsintenna arra®7.2 to 28.35 GHz was achievE®].
Switching mechanism for reconfigurable antennas has been analyzed by means of electrical and mechanical al$o. Diffel
techniques to make antenna reconfigurable has been reviewed like to make antenna reconfigurable electrically and mechanic
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the options are varactor diode, mi cr o el etcircuibthasrbeeo hnalyrédc a |
[13]. A compact reconfigurable monopole antenna design of size (42*i6ham been proposed. This antenna was able to
radiate in seven bands by using switching mechanism of PIN diode. The band in which this antenna radiateg5&e, 1.
2.4GHz, 3.5GHz5GHz, 5.5GHz, 6GHz, 9.2GHA4]. A frequency reconfigurable microstrip patch antenna has been modeled
for Wireless Body Area Network (WBANgpplications. For frequency hopping PIN diode were used to obtain 2.45GHz
frequency at ON state and 4GHz frequency at OFF staf#5]. In this paper several lately projed antennas for applications
such as 4G/5G, multiplmput multipleoutput (MIMO), UltraWideband (UWB) has been reviewed. Different antennas and their
reconfigurability mechanism are compared onlihsis of their performancés6]. A hexagonal shape microstyyatch frequency
reconfigurable antenna design has been addressed forimpuitimultroutput (MIMO) applications. The frequency range of this
modeled antennaedign is from 1.3 to 2.6GHA7].For wireless commueation a multiband frequency reconfigurable monopole
antenna has been designed. Liable to the switching conditions the proposed antenna worksaindsthgié mode of frequency
[18]. In this paper frequency reconfigurable antennas have been reviewed. diffieeentconfigurationsof antennas as slot
antenna, planar monopole antenna and tunable electromagetigap (EBG) are analyzE®].

This paper omprises of detail study and analysis of four different designs of patch arrays with RF PIN Diode switches. Th
configurations were designed and optimizedachieve wide bandwidths and frequerregonfigurability and matched port
networks in all arrays achieved maximum power transmission

1] Designand DevelopmentDescriptions
Feed mechanisrmand switching circuits
To give feed, power dividing network which contains microstrip lines is designed. Firstlyplanb@nicrostriptransmission line
is divided into two 10@hm microstrip lines. Calculated thickness of 400n is very small when compared with-60m line
also conferring to network their length were designed. To joindt®O microstrip line with 5@hm microstrip linequarter wave
transformer is used with 70dhm resistance. Due to curvature in microstrip line mitered microstrip line is used for providing
compensation to the discontinuity. To match the impedance of wheel shape patch a quarter wave transforred isodiac
ohm tranamission line. For changing the electrical dimensions of antenna arrays, RF PIN diodes were used as switches &
switching is @rried out by using forward anceversed lasing ofequivalent R and RLC circuits.

Figl. Equivalent circuit athImplementation of forward and reverse biasing of PIN diode

=

Al. FrequencyReconfigurable 2Element Wheel Patch Slotted Array
i. Array Design
This modeled frequency reconfigurablement array design comprises four RF PIN Diodes which are assembled in slotted
wheel shape patch array. RF PIN Diodes are designed in between the sloésige the dimensions electrically array.
The change in electrical di mensions would give frequet
switches were designed in each elem@&his array was designed for 10GHz frequency and for frequency hoping we use
switches ON and OFFaes. For ON state circuit is closed and for Offestircuit condition is open.
Fig2. Geometry of Microstrip Slotted wheel with RF PIN diodes and Implemented desigremhént array.
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ii. Simulated Results and discussion

State 1 isdesignated to the switches in which all switches are in ON condition which depicts that switches are forwar
biased. In state 1 wheel patch antenna array radiatedoand and Ktband. Radiation in »band is from 8.6GHz to 8.8GHz
frequency. Radiation in kcband are 12GHz to 12.6GHz, 12.7GHz to 13.96GHz and 15.9GHz to 16.4GHz. State 2 is labellec
to the switches in which all the switches are in OFF condition which shows that switches are reversed biased. In state 2 wt
patch antenna array radiates in-Band. Radiation in Kidpand are 12GHz to 12.6GHz and 12.7GHz to 14.2GHz.

Table 1. Performance Parameters with diode Switching state 1 and 2

State 1 (All Switches On)
Sr. No | Frequency | Bandwidth Parameter
Ghz Mhz Return Loss VSWR | Reflection Coefficient Mismatch Loss

1 8.7 200 -17.69 1.30 0.13 0.07
2 12.2 580 -19.64 1.23 0.10 0.05
3 13.2 1170 -15.65 1.40 0.17 0.12
4 16.14 560 -13.79 1.51 0.20 0.19

State # 2 (All Switches Off)
1 12.3 600 -15.6 1.40 0.17 0.12
2 13.2 1300 -17.3 1.32 0.14 0.08

State 3 is designated to the switches in which switch 1 and 2 are forward biased while switch 3 and 4 are in reverseldiased m
In this state wheel patch antenna array radiates wbat and Kband. Radiation in Kdband are 12GHz to 12GHz and
12.7GHz to 14GHz. Radiation in-Band is from 18.8GHz to 20GHz. State 4 is labelled to the switches in which switch 1 and 2
are reversed biased and switch 3 and 4 are forward biased. In this state wheel patch antenna array radiated. iRadtions

in Ku-band are 12GHz to 12.5GHz and 12.7GHz to 13.96GHz.

Table 2. Performance Parameters with diode Switching state 3 and 4

State # 3 (Swl,2 On Sw3,4 Off)

Sr. Frequency Bandwidth Parameter

No

GHz MHz Return Loss VSWR Reflection Coefficient Mismatch Loss

1 12.2 500 -16.5 1.35 0.15 0.10

2 13.2 1300 -15.4 1.41 0.17 0.13

3 19.7 1200 -16.3 1.36 0.15 0.10
State # 4 (Sw1l, 2 Off Sw3, 4 On)

1 12.2 500 -16.5 1.35 0.15 0.10

2 13.2 1300 -15.4 1.41 0.17 0.13
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Fig 3. Simulated return loss parameters (a) state. 1 and 2 (b) state 3 and state 4
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A2. Frequency Reconfigurable 2Element YagirUda Shape Patch Array
i. Array Design

A frequency reconfigurable- @ement microstrip patch antenna array is proposed. The shape of antenna array re

sembles with the shape of Yadda antenna shap@&he main patch of microstrip patch is distributed into deputize patches.
The designed deputizeafches are diminutive in width as compared to the main microstrip patch. Connectivity between the
main patch and deputized patch is only possible through RF PIN Diode. RF PIN Diode connectivity change the electric
dimensions of antenna arrayd thus yikls frequency hoging. The ON state of RF PIN Diode allow current to flow in
respective deputize patches, while the OFF state of RF PIN Diode cease the current. By applying different switchir
conditions to antenna array results the change of electricaindion every time which gives frequency hoppkay. forward

biasing or ON state of RF PIN Diode the values of.Rnd C are L= 20nH, R = 1000 ohms, C#r reverse biasing or

OFF state of RF PIN Diode the values of R, L and C axe2DnH, R = 1000 ohs) C = 20 pF

Fig 4. a) single element design schematic of YHigia array Array b) Complete Geometry feERement Array

a b

ii. Simulated Resultsand Discussion

State 1 is labelled to the switches in which all 4 switches are in forward biased mode. In this staidayabgpe antenna array
radiates in Xband, Kuband and Kband. Radiation in »and is from 9.78GHz to 10.16GHz. Radiation in-land is from
12.48@GHz to 13.05GHz and 15.53GHz to 16.29GHz while radiation-tmaldd is 18.64GHz to 18.90GHz. State 2 is designated to
switches in which all 4 switch are reversed biased. In this state-ydggshape patch antenna array radiates-raixd and Ku
band. Radiabn in X-band is 9.75GHz to 10.14GHz while radiation in-Kand is 12.45GHz to 13.02GHz.
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Table 3.Performance Parameters with diode Switching state 1 and 2

State # 1 (All Switches On)

Sr. No Frequency Bandwidth Parameter
GHz MHz Return Loss VSWR Reflection Coefficient Mismatch Loss
1 10 400 -12.87 1.59 0.23 0.23
2 12.75 610 -11.13 1.77 0.28 0.35
3 15.82 720 -13.72 1.52 0.21 0.19
4 18.77 280 -15.29 1.42 0.17 0.13

State # 2 (All Switches Are Off)

1 10 390 -13.59 1.53 0.21 0.19

2 12.75 579 -10.89 1.80 0.29 0.37

State 3 is designated to switches in which switch 1 and 2 are forward biased and rest are reversed biased. In thisustate yagg
shape patch antenna array radiateX-band and Keband. Radiation in »and is from 9.76GHz to 10.15GHz and radiation in
Ku-band is from 12.47GHz to 13.02GHz and from 15.52GHz to 16.25GHz. State 4 is labelled to switches in which switch 1 and
are reverse biased and rest are forwardebiak this state yaggida shape patch antenna array also radiatesband and Ku

band. Radiation in »0and is from 9.76Ghz to 10.16GHz and radiation irkiémd is from 12.45GHz to 13.02GHz and also from
15.61GHz to 16.18GHz.

Table 4. Performance Paratars wih diode Switching state 3 and 4

STATE # 3 (SW-1, 2 ON SW3, 4 OFF)

SR. | FREQUENCY | BANDWIDTH PARAMETER
NO
GHZ MHZ RETURN | VSWR REFLECTION MISMATCH LOSS
LOSS COEFFICIENT
1 10 400 -13.44 1.54 0.21 0.20
2 12.75 530 -10.85 1.80 0.29 0.37
3 15.82 730 -15.39 1.41 0.17 0.13

STATE # 4(SW-1, 2 OFF SW3, 4 ON)

1 10 400 -12.94 1.58 0.23 0.23
2 12.75 660 -11.34 1.74 0.27 0.33
3 15.82 640 -11.89 1.68 0.25 0.29

Fig 5. Simulated return logsarameters (a) state. 1 and 2 (b) state 3 and state 4
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A3. Frequency Reconfigurable 2Element Polygon Shape Patch Array
i. Array Design

An eight sided polygon shaped microstrip patch antenna array is propbseghape is obtained by cutting the edges equally of
rectangular microstrip patch. For the change in electrical dimeandfrequency hopping a slot is introduced in pateébur RF
PIN diode are used two in each slot, there ON and OFF state ensures frequency hopping. For forward biasing or ON state of
PIN Diode the values of R, L and C are L= 20nH, R = 1000 ohm8, Eer reverse biasing or OFF state of RF PIN Diode the
values of R, L and C are L = 20nH, R 60D ohms, C = 20 pF.

Fig 6. Geometry of single element polygon shape Microstrip antenna with RF PIN diodes and Complete geometry of 2 elemer

polygon shape rarostrip antenna array

ii. Simulated Resultsand Discussion

State 1 is assigned to switches in which all switches are in ON state and forward biased mode. In this state polygéchshape
antenna array radiates inband and Ktband. Radiation in »andis from 9.59GHz to 9.95GHz. Radiation in ¥and is from
12.37GHz to 12.90GHz and 14.59GHz to 15.63GHz. State 2 is designated to switches in which all switches are in reverse bia
mode. In this state polygon shape patch antenna array also radiatesaimd Xand Keband but with different bandwidths.
Radiation in Xband is from 9.34GHz to 9.66GHz and from 10.88GHz to 10.93GHz. Radiationlrakdiis from 14.40GHz to
14.30GHz and from 15.06GHz to 15.63GHz.

Table 5. Performance Parameters with diode @ig state 1 and 2

State # 1 (All Switches On)
Sr. No Frequency Bandwidth Parameter
GHz Mhz Return Loss VSWR Reflection Coefficient Mismatch Loss

1 9.7 360 -12.80 1.59 0.23 0.23

2 12.60 530 -10.86 1.80 0.29 0.37

3 15 1040 -16.25 1.36 0.15 0.10
State # 2 (All Switches Off)

1 9.49 320 -24.27 1.13 0.06 0.02

2 10.91 50 -12.17 1.65 0.25 0.27
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3 14.61 530 -17.96 1.29 0.13 0.07

4 15.21 570 -12.90 1.59 0.23 0.23

State 3 is labelled to switches in which switch 1 and 2 are forward biasedswitidd 3 and 4 are reverse biased. In this state
polygon shape patch antenna array radiates-baxd and Ktband. Radiation in »and is from 9.44GHz to 9.78GHz and
radiation in Kuband is from 12.35GHz to 14.97GHz. State 4 is assigned to switches im sviitch 1 and 2 are reverse biased
and rest are forward biased. In this state polygon shape antenna array also radiatemd aXd Keband with different
bandwidths. Radiation in-¥and is from 9.44GHz to 9.74GHz and radiation irb&ndis from 12.37@1z to 12.90GHz

Table 6 Performance Parameters with diode Switching state 3 and 4

State # 3 (Swl, 2 On Sw3, 4 Off)
Sr. No Frequency Bandwidth Parameter
GHz MHz Return Loss VSWR Reflection Coefficient Mismatch Loss

1 9.7 340 -15.6 1.40 0.17 0.12

2 12.98 2620 -13.10 1.57 0.22 0.22
State # 4 (Swl, 2 Off Sw3, 4 On)

1 9.61 300 -14.76 1.45 0.18 0.15

2 12.60 530 -10.77 1.81 0.29 0.38

Fig 7. Simulated return loss parameters of (a) states 1 and 2 (b) state 3 and 4

. Frequency Reconfigurable ZElement slotted T-Stub Patch Array

i. Array Design

A slotted tstub shape patch antenna array is proposed. In this desigipé metadtub behaves like parallel plate capacitor, also
t-stub is connected to main patch by electrical means. This type of configuration gives polarization diversity. Facyfreque
hopping four RF PIN Diode is used in slot. Slot chatigeelectrical dimension of array and for frequency reconfigurability ON
and OFF state of RF PIN Diode is utilized. For forward biasing or ON state of RF PIN Diode the values of R, L and C are L
20nH, R = 1000 ohms, C=0. For reverse biasing or OFF state of RF PIN Diode the values of R, L and C are L = 2008, R = 1C
ohms, C =20 pF.

Fig 8. Schematic of single element T stub microstrip patch antenna and complete geometry of 2 elementiiosttip aritenna
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ii. Simulated Resultsand Discussions

State 1 is designated to switches in which all switches are in forward biased mode. In thistgbapatch antenna array radiates

in X-band and Ktband. Radiation in »band are fron8.70Ghz to 9.02GHz and then it radiates from 11.88GHz-baixd to
13.41GHz in Kuband. Radiation in Kidband is from 15.15GHz to 16.03GHz. State 2 is labelled to switches in which all 4
switches are reverse biased. In this state slotstubtpatch antemnarray radiates in-¥and and Ktband. Radiation in »and is

from 8.7GHz to 9.08GHz and radiation in dand from 12.01GHz to 13.58GHz.

Table7. Performance Parameters with diode Switching state 1 and 2

State # 1(All Switches On):
Sr. No | Frequency| Bandwidth Parameter
Ghz Mhz Return Loss| VSWR | Reflection Coefficient Mismatch Loss
1 8.8 320 -19.40 1.24 0.11 0.05
2 12.73 1530 -21.39 1.19 0.09 0.03
3 155 870 -23.44 1.14 0.07 0.02
State # 2(All Switches Are Off)
1 8.8 380 -31.66 1.05 0.03 0.00
2 12.58 1570 -20.33 1.21 0.10 0.04

State 3 is designated to switches in which switch 1 and 2 are forward biased and switch 3 and 4 reverse biased. siotted state
t-stub patch antenna array radiates Hvatid and Keband. Radiation ixX-band is from 8.7GHz to 9.08GHz and radiation from
11.88GHz in Xband to 13.54GHz in kband. Radiation in Kidband is from 14.93GHz to 15.93GHz. State 4 is labelled to
switches in which switch 1 and 2 are reverse biased while rest are forward biasesistaté slotted-dtub patch antenna array
also radiates in »band and Ktband with different bandwidths. Radiations inb&nd is from 8.6GHz to 8.94GHz and from
11.65GHz in Xband to 13.13GHz in kband. Radiation in Ki#band is from 15GHz to 15.93GHz.

Table 8. Performance Parameters with diode Switching state 3 and 4

State # 3 (Swl, 2 On Sw3, 4 Off)

Sr. No Frequency Bandwidth Parameter

GHz MHz Return Loss Vswr Reflection Coefficient Mismatch Loss

WirTi221011 1
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1 8.8 380 -21.87 1.18 0.08 0.03
2 12.75 1570 -20.41 1.21 0.10 0.04
3 15.14 1000 -17.41 131 0.13 0.08

State # 4(Swl, 2 Off Sw3, 4 On)

1 8.8 340 -21.47 1.18 0.08 0.03
2 11.94 1480 -19.94 1.22 0.10 0.04
3 15.29 930 -18.74 1.26 0.12 0.06

Fig 9. Simulated return loss parameters oftaje 1 and 2 (b) state 3 aigdLO. Implemented design of arrays (a) Wheel patch
antenna array (b) Yagdddashape patch antenna array (c) Polygon
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IV. Inter-Comparison of Frequency Ranges & Bandwidths

The comparative measurementssimulated return loss parametefsarrays hasveen carried out using four specified states of
switchingof PIN diodesStatel in which all four switches are QNtate 2 in which all switches kept OFF, state 3 in which1SW
and SW2 kept ON and SWB and SW4 kept off and exact opposissvitching of sate 3in state 4The arrays are radiating at four
differentrangesof frequencies and optimized to ensures maximum power transfer.

Fig 11. Simulated return loss of all reconfigurable microgigifch antenna arrays combined in (a) state 1 (b) state 2 (c) state 3 (d)
state 4.
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Slotted wheel patch array, yaggi udalad tstub patch arrays exhibits dual band operation while radiating in state 2, whereas in
state 1, all configurations exhibits-and or tetrdband operations achieving minimum bandwidths. Similarly in state 3 and 4, all
the arraysexhibit bothdual and trdband radiationsvith maximum bandwidth achieved in polygon shape antenna array i.e. 2620
MHz. For state 1 and 2 thmmaximum bandwidth achieved is 1570 MHz in the configuration of slotséaght patch antenna ayra

and this configuration is aapatible for Ku band applications.

Table 9.Bandwidths and range of fjgencies ofadiating arrays in state 1 and 2

Array frequency bandwidths | Frequency Bandwidths
ranges Ranges
GHz MHz Ghz Mhz
State 1 State 2
frequency reconfigurable slotteahicrostrip wheel patch 8.6-8.8 200 12-12.6 600
antenna array 12-12.6 500 12.714.2 1300
12.7-13.96 1170
15.916.4 560
frequency reconfigurable yaggi udda shape patch ant| 9.7810.16 400 9.7510.14 390
array 12.4813.05 610 12.4513.02 579
15.5316.29 720
18.6418.90 280
frequency reconfigurable slotted polygon shape p{ 9.599.95 360 9.349.66 320
antenna array 12.3712.90 530 10.8810.93 50
14.5915.63 1040 14.4014.30 530
15.0615.63 570
frequency reconfigurable slottedtub patch antenrearay | 8.709.02 320 8.7-9.08 380
11.8813.41 1530 12.0:13.58 1570
15.1516.03 870
OTTTTIT T‘; f
= —1“
»—ﬁ\ | ‘ e
| L ﬁH
o | LT |
| l‘
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Table 10Bandwidths and range of frequencies in which arrays radi#ttestate 3 and state 4
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Frequency Bandwidths Frequency Bandwidths
Array Ranges Ranges
Ghz Mhz Ghz Mhz
State 3 State 4
Frequency Reconfigurable Slotted Microstrip Wheel Pg 12-12.5 500 12125 500
Antenna Array 12.714 1300 12 7_1'3 96 1300
18.820 1200 ' '
, . | 9.7610.16
Frequency Reconfigurable Yaggi Udda Shape P{ 9.7610.15 400 400
12.4513.02
Antenna Array 12.4713.02 530 15.6116.18 660
15.5216.25 730 ' ' 640
Z]etgzﬁchrrZeconﬂgurable Slotted Polygon Shape P 9.449.78 340 944974 300
y 12.3514.97 2620 12.3712.90 530
) | 8.6-8.94
Frequency Reconfigurable SlottedStub Patch Antenni 8.7-9.08 380 11.6513.13 340
Array 11.8813.45 1570 15'15 93' 1480
14.9315.93 1000 ' 930

Conclusion

In this paper, four different configurations of microstrip paatenna arrays are designsitihulated,frequency reconfigurability
of all four arraysanalyed and obtainedimulation results wereompared. Frequency reconfigurable slotted microstrip wheel
patch antenna array and frequency reconfigurable yagii udda shape patch antenna array was opelbatiag keband and k

band by giving frequency of 10 GHz. Frequency reconfigurable slotted polygon shape patch antenna array and frequen

reconfigurable slotted -Btub patch antenna array was operating -mard and kiband by applying frequency of 10 GHz.
Directivity and high gairis obtained from yaggiidda shape array while wide bandwidths achieved frstalt shape array. In

wheel shape patch antenna array two characteristics are observed as reconfigurability of frequency and radiation pattern wi

shows noruniformity of patcles leads to the radiation pattern reconfiguration.
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