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Abstract— An iinnovative iand icompact idesign iof 

imicrostrip iantenna iis iintroduced iand ipresented iin ithis 

iPaper. iThe iproposed ipatch iantenna iin ithe ipresent ipaper iis 

iembedded iwith ithe isquare isplit iring iresonator, iWhich iis 

iplaced iinside ithe icircular isubstrate. i iA ico-axial iprobe ifeed 

iis iused ito iexcite ithe ipatch iantenna. iThe iproposed ipatch 

iantenna iis idesigned, iand isimulated iusing iansoft iHFSS 

isimulation isoftware. iIncorporation i iof isquare iSRR iinside 

ithe isubstrate ican iproduce isub-wave ilength iresonant 

ifrequency. iVarious iantenna iparameters iobserved iin ithis 

ipaper iare iVSWR, iReturn iloss, iResonant ifrequency iand 

igain. iThe iproposed iantenna iproduces iimproved iresults iin 

ithe ifrequency iband ifrom i5.5GHz ito i5.9GHZ. iThe iresults 

iobtained iare ireturn iloss-15dB, iVSWR i1.8 iand iantenna 

igain i6.47dBi. 

 

Keywords: isquare iSRR, i igain, imetamaterial, imicro istrip 

iantenna, ireturn iloss, iVSWR i. 

I. INTRODUCTION 

iRevolutionary iincrease iin iwireless icommunication 

idemands ihigh igain iand ilarge iband iwidth iantennas, 

iCovering iall irange iof ifrequencies. iThe igrowth iin 

itechnology ineeded icompact iyet ihigh iperformance 

iantennas. iAntennas ibecame ian iimportant ilink iin 

itoday's icommunication iworld ifor ieffective iinformation 

isharing. iThe iinformation ishared iby iarmed iforces iusing 

icommunication idevices ineeds ia icompact ipatch iantenna 

iwith igood iresolution. iThe iproposed iantenna iworks iin 

iC iband. iC iband iis ia iradio ifrequency iband iwhich 

iextends ifrom i4 ito i8 iGHz. iThe idesigned iantenna 

iworks ifrom i5.5 iGHz ito i5.9 iGHZ iwhich iis ihighly i 

suitable ifor imilitary iradio icommunication. iUltra iwide 

iband iantennas ihave iwide irange iof iinnovative 

applications isuch ias isensor idata icollections, itracking 

iapplications, imedical iengineering ifields ietc. 

iMetamaterials iare ihaving iproperties iwhich iare inot 

iusually ifound iin inatural imaterials. i iThey ihave 

inegative irefractive iindex. iMetamaterials ialong iwith ithe 

imicrostrip ipatch iantenna ican iimprove iantenna iradiation 

icharacteristics iand ireduce isize iof ithe iantenna. 
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iMetamaterials iare imade ifrom iassembles iof imultiple 

ielements ifashioned ifrom icomposite imaterials isuch ias 

imetals ior iplastics[1]. iThe imaterials iare iarranged iin 

irepeating ipatterns. iMeta imaterials iare idesigned ias 

iarrays iof ielectrical iconductive ielements iwith isuitable 

ireactive ielement icharacteristics. iSquare isplit iring 

iresonator iis ione itype iof imetamaterial. 

Table.1. i iClassification iof imaterial ion ithe ibasis iof 

iµ iand iɛ 

 

ε<0,µ>0. 

Single inegative 

imetamaterial i. 

iEvanescent idecaying 

iwaves. 

 

Ɛ>0,µ>0 

Conventional iMaterial. 

iWave i iPropagates iin 

iforward idirection 

 

 

ε<0,µ<0 

Double inegative 

imetamaterials. i i i i i i i i i 

i i i i i i i i i i i i i i i i i i i i i 

i i i i i i i i i i i i i i i i i i i i i 

i iBackward iwave iis 

iproduced 

 

ε>0,µ<0 

split iring iresonator. 

iEvanescent idecaying 

iwaves 

 

 i i iA isquare isplit iring iresonator iis iartificially 

iproduced imaterial iwhich iacts ias imeta imaterial. iIt ican 

igenerate idesired imagnetic isusceptibility. iUnlike inatural 

imaterials, i isquare isplit iring iresonator iproduces istrong 

imagnetic icoupling ito ian iapplied ielectromagnetic ifield. 

iNegative ipermeability ican ibe iobtained iwith ia iperiodic 

iarrangement iof isquare isplit iring iresonator. iMicrostrip 

ipatch iantenna idesigned iwith ia iplaner ithin imetamaterial 

ibased ion ia inear izero irefractive iindex iresults iin ia 

ihigh igain iantenna i[2]. iMicrostrip iantennas ihave iwider 

ichances iin iWLAN iand iWIMAX iapplications idue ito 

itheir icompact idesign i[3]. iMany imethods itested 

isuccessfully iand isimulated ito iimprove ithe igain iof 

ipatch iantenna. iGain ican ibe iimproved iby ithe iaddition 

iof ia isuperstrate i iover ia isubstrate i[4]. iIt iis ialso ifound 

ithat ithe igain ican ibe iimproved iby ithe ireduced isurface 

iwave iantenna ior iparasitic ielement i[5-7].An 

ielectromagnetic iband igap istructure iis ialso ione iof ithe 

ieffective imethod ito ienhance ithe i iantenna iparameters. 

 i i 
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 iThis ipaper iintroduces iinsertion iof isquare isplit iring 

iresonator iinside ia icircular isubstrate. iThis imethodology 

iallows ithe ipossibility iof icompact iantenna idesign. iThe 

ipaper ihas idifferent isections iand itheir iarrangement iis 

ias ifollows. iSection iII iexplains ithe imodel iof iantenna 

idesign. iSection iIII idiscusses ion  

iresults iand iits iimpacts iand iSection iIV iconcludes ithe 

ipaper. 

II. ANTENNA DESIGN 

 i i iA irectangular imicrostrip iantenna iand iwith ia 

isquare isplit iring iresonator iinside ia icircular isubstrate 

iwas idesigned iusing iansoft iHFSS isimulation isoftware. 

iA icircular isubstrate iwith iradius i23.1 imm iand iheight 

i2mm iwas icreated ion ia irectangular ipatch iwith 

idimensions i15mm iX i20mm iwas iplaced iwith ico-

ordinate iposition ix=-7.5, iy=-10 iand iz=2. iGround icut 

iout iwith iradius i1mm iwas icreated ito ifeed ithe ipatch. 

 

 
Fig. i1. i iBasic istructure iof iRectangular ipatch 

iantenna 

 

R i= i23.1mm i 

H= i2 

imm 

Fig. i2. i iSubstrate iDimensions 

 

 
Fig. i3. iSquare iSplit iRing iResonator 

 i i iSquare isplit iring iresonator iwas icreated iwith ithe 

ico-ordinate ientry ifields ix=5, iy=-5 iand iz=1 iwith 

idimensions i10mm iX i10mm iin iwhich islots iwere 

iplaced ito icomplete isquare isplit iring iresonator. iIn iFig 

i3 ithe igap ibetween ithe islots iand iwidth iof ithe islots iis 

iequal ito i1mm. 

 
Fig. i4. iSimulation iStructure iof ithe iPatch iantenna 

iwith iSRR 

 

2.1 iPatch iwidth icalculation i 

 i i i i i i i i i i i i i i i i i i

( )0 2
1

2 1rc r

u
W

f 
= →

+
 

 i i iEq. i1 iExplains ithe icalculation iof iwidth iof ithe 

ipatch. iIn ithis iequation iµo idenotes ispeed iof ilight, ifrc i 

idenotes ithe iresonant ifrequency iand i iεr idenotes ithe 

ivalue iof idielectric iconstant iof ithe isubstrate iused. 
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iEq. i2 iillustrates ithe icalculation iof iresonant 

ifrequency iwithout iconsidering ifringing ieffects. iIn ithis 

iequation iL iindicates ilength iof ithe ipatch. 

 

( ) ( )3
2

o

rc

eff reff

u
f

L 
= →

 
 

 i i iEq. i3 i iRepresents ithe icalculation iof ifrc i i. i i iIn 

ithis iequation ifrc i iis ithe iresonant ifrequency. iBy 

iconsidering ifringing ieffects, iLeff idenotes ieffective ipatch 

ilength iand iεreff iindicates ieffective idielectric iconstant iof 

ithe isubstrate. 

 

( )2 4effL L L= +  →
 

iEq. i4 idepicts ithe ieffective ilength iof ithe ipatch. iIn 

ithis iparticular iequation iΔL idenotes iincremental ilength 

iof ithe ipatch idue ito ifringing ieffects. 

2.2 Calculation of ε reff  

( )

1

21 1
1 12 5

2 2

r r
reff

h

W

 


−

+ −  
= + + → 

 
 

 i i iUsing iEq. i5 ieffective idielectric iconstant i(εreff) 

ican ibe icalculated. iIn ithis iequation ih idenotes iheight iof 

ithe isubstrate iand iw idenotes iwidth iof ithe ipatch. 

2.3 Calculation of ΔL 

( )
( 0.3)( 0.264)

0.412 6

( 0.258)( 0.264)

reff

reff

W

hL h
W

h





+ +

 = →

− +

 

 i i iEq. i6 idepicts, ithe iincremental ilength iΔL idue ito 

ifringing ieffects. iIn imicrostrip iantenna ithe iradiation 

ioccurs idue ito ifringing ifields. 

III. SIMULATION RESULTS 

 i i iProposed ipatch iantenna iwas isimulated iusing 

iAnsoft iHFSS itool iand icarried iout iexperiments ito 

iverify iantenna igain i, ireturn iloss, iand iVSWR iat iboth 

ifrequencies i5.6GHz iand i5.9GHz.The ipatch iantenna 

iembedded iwith iSRR iwas ifabricated ion iRT iduroid 

i5880. 

3.1 iReturn iLoss i 

 i i iFig i(5) idemonstrates ithe ivariation iof ireturn iloss 

iof ithe iproposed ipatch iantenna. iIt iis ipoor iin ithe 

ifrequency irange i1GHz ito i5.4GHz iand i6GHz ito i7 

iGHz. iReturn iloss iis iimproved iat ithe iresonant 

ifrequencies i5.5GHz iand i5.9GHz. iCarried iout 

iexperiments ishows ithat ithe ireturn iloss iis i-15dB iat ithe 

idual iband ifrequencies i5.5GHz iand i5.9GHz. iS11 

iindicates ireturn iloss iwhich idefines ireflected ipower. 

 

 

 
Fig. i5. iSimulated iReturn iloss 

3.2 iRadiation iPattern 

 i iThe imeasured itwo idimensional i(2D) iradiation 

ipatterns iare ievaluated iin iazimuthal iplane i(x-y iplanes) 

iat iresonant ifrequencies. i2D iradiation ipattern iexplains i 

iEθ iand iEø icomponents iseparately. iThe i2D iradiation 

icharacteristics iare ishown iin ifig i(6). i3D iradiation 

ipattern iindicates ioverall iradiation ipower iand iit ishows 

imaximum ipossible igain iis i6.47dBi.Radiation ipatterns 

idemonstrates ithe ispatial idistribution iof iradiated ienergy. 

Fig. i6. iSimulated iE- iand iH-plane iradiation ipatterns 

i i i i
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 i 

i i i iFig i.7. iThree-dimensional iradiation iintensity 

ipattern 

 

 i iThe iradiation ipattern i imeasurements ishows ithat 

ithe igain iis ifairly iconstant iover ithe ifrequencies i5.6GHz 

iand i5.9GHz. 

3.3 iVoltage istanding iwave iratio 

 i iFig i(8) ishows ithe ivariation iof iVSWR iover 

ifrequency irange i1GHz ito i6GHz. 

 
Fig i.8. iVSWR icharacteristics 

 

 i iSome ienergy iof ithe isignal iis ireflected idue ito 

iimpedance imismatches iat ithe iinput iand ioutput i iof i 

ithe iantenna. iThe iamount iof ienergy ireflection ican ibe 

imeasured iby icalculating ithe ivalue iof iVSWR. iIt iis ithe 

imeasure iof iimpedance imatching iof iloads. 

iMeasurements icarried iout ion iVSWR ishows ithat iits 

ivalue iis iin ithe iacceptable irange i(VSWR<2). iThe ivalue 

iobtained ifor iVSWR iin ithe ifrequency irange i5.5GHz ito 

i5.9 iGHz iis i1.8. 

IV. CONCLUSION 

 i i iA icompact idesign iof iultra iwide iband iantenna 

iwith i5.5GHz ito i5.9GHz idual iband icharacteristics iis 

idesigned iand isimulated iusing iansoft iHFSS itool. 

iIncorporation iof i isquare iSRR i inot ionly ireduces ithe 

isize iof ithe iantenna ibut ialso iimproves iits iperformance 

iin iterms iof ireturn iloss, iVSWR iand iantenna igain. iThe 

iproposed iantenna ishows ivery igood icharacteristics iin 

ithe ifrequency i iband i5.5GHz ito i5.9GHz.The isimulated 

iresults ithus iobtained iare ireturn iLoss i-15dB, iVSWR 

i1.8, iand iAntenna iGain i6.47dBi.These iresults iare ifound 

ito ibe ibest ifor ithe iproposed iantenna iin ithe ifrequency 

iband i5.5GHz ito i5.9GHz. 
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