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Abstract 

This research focuses on 5G mobile applications for high-band millimeter waves. The 

goal of the suggested microstrip patch antenna was to function at 28 and 38GHz, the 

first and most popular 5G frequency bands. In this work, a single rectangular patch, 

which is frequently used in other 5G antennas, is combined with a variety of two U slot 

shapes in order to improve the gain and other radiation properties of the antenna. Using 

CST Microwave Studio's electromagnetic simulation software, the suggested antenna 

has been built and investigated on a Rogers RT Duroid-5880 substrate with relative 

permittivity of 2.2.  The designed antenna's gain, bandwidth, return loss, VSWR, and 

efficiency are 9.12 dBi, 700 MHz, -23.79 dB, 1.1, and 75% for 28 GHz, and 9.77 dBi, 

950 MHz, -41.76 dB, 1.01, and 84% for 38 GHz respectively. The proposed antenna has 

a good chance of being used for 5G mmWave cellular communication.  
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Chapter 1 

Introduction  

Mobile Communication is the use of technology that allows us to communicate with 

others in different locations without the use of any physical connection (wires or cables). 

Mobile communication makes our life easier, and it saves time and effort. 

 

                      Figure 1.1   : Top level view of a mobile communications network 

Since the early 1970s, the mobile wireless industry has been developing, revolutionizing, 

and evolving. The cellular communication sector has grown at a breakneck pace since the 

mid-nineties. When the cellular thought was initially actualized within the 1960s and 1970s, 

no one might have anticipated how far reaching remote communication networks would 

gotten to be. Mobile cellular subscriptions are growing at a rate of 40% per year, and by the 

end of 2010, there will be four times as many as conventional telephone lines. The fast 

increase of cellular telephone customers throughout the world has shown beyond a shadow 

of a doubt that wireless communications is a reliable and viable voice and data delivery 

system. Because of cellular widespread popularity, other wireless systems and standards 

have been developed for a variety of different forms of telecommunication traffic in addition 

to mobile voice telephone calls.  
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1.1 Evolution of Mobile Communication    

Communication is changing quickly among generations, from generation Zero to 

generation Five. Cellular networks and technology have advanced meaningfully since their 

introduction in the late 1970s, with subsequent generations (2G through 4G) marking key 

signs in the evolution of mobile communication. Each network generation marked an 

important landmark in the evolution of mobile data communications.  

 

 

                                    Figure 1.2 Evolution  of communication  

 

1.2 Zero Generation Technology (0G)   

Wireless phone begun with 0G, which might have called Zero Generation, became 

accessible after the World War-II. The calls were set up by cell providers because there 

were few open communication channels at the time. These mobile devices might not be 

able to support the handover means feature. alter the channel's frequency while 0G 1G 

2G 3G 4G 5G moving. The term "zero generation" describes the early 1970s pre-cellular 

mobile system. Before cell phones were invented,, some subscribers had radio 

telephones in their vehicles. Modern cellular mobile-telephone technology was created 

by the mobile radio telephony system. These systems are referred to as 0G (Zero Era) 

Systems. Given that they were first generation cell phones' origin. Technologies used in 

Zero Generation systems included Mobile Telephone System (MTS), Public Land 

Mobile Telephony (PLT) , Improved Mobile Telephone Service (IMTS), Advanced 

Mobile Telephone System (AMTS), Norwegian Offending Land-Mobile Telephone 

(OLT),  and Swedish Mobile Telephony System D (MTD) and Push to Talk (PTT). 

Loggers, project managers, real estate agents, and famous people all used the system. 

Using just voice communication, the communication system was employed. [29] 



15 

1.3 First Generation Technology (1G)    

First Generation mobile networks first appeared in Japan, the year in 1979, though they 

were not termed 1G at the time, and then spread to other countries such as the United 

States in 1980 and the United Kingdom in 198 (1985). 1G network had such a channel 

capacity of 30 KHz and a speed of 2.4kbps. Frequency Division Multiple Access 

(FDMA) modulation was used in an analog technology known as the Advanced Mobile 

Phone System (AMPS). On 1G networks, only voice communication was possible due 

to reliability issues, signal interference issues, and insufficient hacker protection. First 

Generation system replaced 0G system, whose features includes mobile, radio, 

telephones and technologies as Advanced Mobile Telephone System (AMTS), Mobile 

Telephone System (MTS), Push to Talk (PTT) and Improved Mobile Telephone Service 

(IMTS). 

Features (technology) of 1G system - 

Key features of 1G system given below-  

• Frequency : 800 MHz and  900 MHz   

• Bandwidth :  10 MHz (666 duplex channels with bandwidth of 30 KHz)   

• Technology : Analogue switching   

• Modulation : Frequency Modulation (FM)   

• Method of service : voice only   

• Access technique: Frequency Division Multiple Access (FDMA)   

Limitations of 1G system 

Limitations of the 1G system as shown below: 

 Poor interference results in voice quality 

 A low battery life  

 Large mobile phone size (not convenient to carry)   
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 Reduced safety (calls could be decoded using an FM demodulator)  

 Limited user base and cell coverage  

 Moving between similar systems was impossible  

1.4 Second Generation Technology (2G)     

2G or Second-Generation wireless network was developed using early 1990 digital 

technologies. In Finland, 2G was launched in 1991. The 1st Generation network was not 

perfect, but it kept going until 1991 when it was supplanted by the 2G arrange. Even though 

the First Generation network wasn't ideal, it lasted until 1991, when the Second Generation 

network took its place. The capacity and security of this underutilized, flexible network were 

greatly improved by using computerized signals rather than simple ones. Clients could send 

SMS and MMS messages at modest rates of up to 64 kbps using 2G systems, which had 

transfer speeds ranging from 30 to 200 kHz. With the introduction of 2.5G, which included 

package exchange in the form of GPRS and EDGE, GSM technology continued to advance. 

And after the introduction of GPRS in 1997, customers could send and receive emails while 

traveling. For the past 20 years, this technology has undergone constant development in 

order to provide improved services. On the basis of the original GSM, various new 

technologies that are common in some reduction systems known as 2.5 generation (2.5 

G) systems have been created. [28].   

 

Features of 2G system: 

Key features of the 1G system as shown below-  

 Digital system (switching) 

 Possibility of SMS services 

 The ability to roam 

 Increased  security 

 Lower data rates on the first internet 

 Drawbacks of the 2G system 

 Low data rate 

 Limited user base and hardware capabilities 
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Limitations of 2G system : 

 Low data transmission rate 

 Partial mobility 

 Fewer features on mobile devices 

1.5 Third Generation Technology (3G)   

The third generation of wireless communication standards is defined by the 

Telecommunication Standards Group (3GThe major objective of 3G, which was moreover 

based on GSM, was to supply high-speed information, with the initial 3G innovation 

permitting information speeds of up to 14Mbps. Clients may conduct video discussions, get 

to the net, trade records, play online recreations, and indeed observe TV online much 

appreciated to 3G's capacity to transport bigger sums of information at quicker rates. 

Whereas 2G networks could download a 3-minute MP3 music in 6-9 minutes, 3G networks 

would take anything from 11 to 90 seconds to download the same file. 

 

Figure 1.3    3G vs. 2G Communications [27]  

With the use of 3G technology, network operators are able to provide their users with a 

wider range of more advanced amenities by improving network capacity and Spectral 

Efficiency. Wide-area wireless phone calls, video calls, mobile television, wireless 

broadband data, GPS service, and video conferencing are all included in the 3G system 

services, which are all provided in a portable wireless environment.   
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Features of 3G system  

Key features of 3G system is given below -  

 better data rate 

 calling a video 

 increased users, coverage, and improved security 

 support for mobile apps 

 support for multimedia messages 

 Maps and location tracking 

 A better web experience 

 streaming TV 

 Superior 3D games    

Limitations of 3G systems:  

Limitations of G system are written below: 

 Expensive spectrum  licenses   

 Expensive implementation, equipment, and infrastructure 

 Higher bandwidth requirements to support higher data rate   

 Costly mobile devices   

 Compatibility with frequency bands and older 2G systems [26] 

 1.6 Fourth Generation Technology (4G): 

4G is the fourth generation of broadband cellular network technology, succeeding 3G 

and preceding 5G. The introduction of 4G marked the beginning of the era of the smart 

phone and portable multipurpose device. 4G is the primary era to utilize Long-Term 

Evolution (LTE) innovation to attain potential download rates of 10Mbps to 1Gbps, 

giving conclusion clients with lower inactivity (less buffering), improved voice quality, 

moment informing and social organizing, high-quality gushing, and quicker download 
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rates. The innovation is being created to oblige the Quality of Benefit (QoS) and rate 

prerequisites required by applications such as remote broadband get to, Multimedia 

Messaging Service (MMS), video chat, and others. 4G is additionally the primary IP-

based versatile arrange, taking care of voice as fair another benefit. Clients may 

appreciate lower inactivity (less buffering), more prominent call quality, and fast get to 

to moment informing and social media, high-quality spilling. 

 

Figure 1.4 4G cell phone generation compared [27]  

Features of 4G systems: 

Features of 4G system is given below: 

 Far greater data speeds of up to 1Gbps   

 Protection and mobility improved   

 Reduced latency for essential applications for missions 

 Video streaming and gaming in high definition  

Limitations of 4G system: 

Limitations of 4G system is given below: 

 Expensive infrastructure and hardware  
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 Expensive Spectrum (most countries, the frequency bands are too costly.)   

 It needs high-end mobile devices compliant with 4G technology, which is     

expensive     

 It takes time for large deployment and upgrade [26]. 

   

 i1.7 iFifth iGeneration iTechnology i(5G) i i i 

5G iis ithe i5th igeneration imobile inetwork. i5G iwireless itechnology iis ia ipromising isolution 

ifor imulti-Gbps idata irates iin ifuture imobile icommunications. iIt iis ia inew iglobal iwireless 

istandard iafter i1G, i2G, i3G, iand i4G inetworks. i5G ienables ia inew ikind iof inetwork ithat iis 

idesigned ito iconnect ivirtually ieveryone iand ieverything itogether iincluding imachines, 

iobjects, iand idevices. iIt iis iUp ito i100 itimes ifaster ithan i4G, i5G iis icreating inever-before-

seen iopportunities ifor ipeople iand ibusinesses. i iFaster iconnectivity ispeeds, iultra-low 

ilatency iand igreater ibandwidth iis iadvancing isocieties, itransforming iindustries iand 

idramatically ienhancing iday-to-day iexperiences. iServices ithat iwe iused ito isee ias ifuturistic, 

isuch ias ie-health, iconnected ivehicles iand itraffic isystems iand iadvanced imobile icloud 

igaming ihave iarrived. i5G itechnology iis isupposed ito ibe ithe iwireless idegree iof iexcellence 

icommunication isystems iin icell iphone iwireless itechnologies. iWired icommunication ihas 

inow icome ito ibe ialmost iobsolete. iAt ipresent iCell iphones iare ia iserving ias ia 

icommunication itool iand ibeing iused ifor ia ivariety iof iother iuses. iEarlier iwireless 

itechnology iis ifacilitating iThe iease iof iexchanging itelephones iand idata iwhereas ififth 

igeneration iis ibringing iin ia inew ilevel iand itransforming ihuman ilife iinto ia itrue imobile ilife. i 

 

Features iof i5G i i i: 

Features iof i5G i iis igiven ibelow i i: 

 1-10Gbps iconnectivity ito ifield iend ipoints 

 1 ims iof ilatencies 

 A ibandwidth iper iarea iof i10x ito i100x 

 10 ito i100 itimes ias imany iconnected idevices 



21 

 99.999 ipercent iavailability 

 Complete icoverage 

 90% ireduction iin isystem ienergy iuse i[26] 

Global i5G ispectrum iupdate i i i i: 

Around ithe iworld, ithese ibands ihave ibeen iallocated ior itargeted 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 iFigure i1.5 i i: iGlobal i5G ispectrum 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 

High-band: iSpectrum iFrontiers igoverning ifor i5G imm iWave ibands i i i i 

Licensed iSpectrum i i 

1. 27.5 iGHz i– i28.35 iGHz i i 

2. 37.6 iGHz i– i38.6 iGHz i i 

3. 38.6 iGHz i- i40 iGHz i i 

1.9 i iAntenna iBasics i i 

An iantenna iis ia idevice ithat iis imade iout iof ia iconductive, imetallic imaterial iand ihas ithe 

ipurpose iof itransmitting iand/or ireceiving ielectromagnetic iwaves, iusually iradio iwave 

isignals. iIt iis ia idedicated itransducer iwhich itransforms iradio-frequency i(RF) ifields iinto 

ielectrical ienergy ior ivice-versa. iThere iare itwo ifundamental ikinds: ithe ireceiving iantenna, 

iwhich icollects iRF ienergy iand isends ialternating icurrent ito ithe idevice, iand ithe itransmitting 

 i  i 

 i  i 

 i  i 

 i  i 

 i 

 i 
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iantenna, iwhich ireceives ielectrical ienergy ifrom ithe iapparatus iand igenerates iradio-

frequency ifield. iMicrostrip ipatch iantennas iare ithe imost icommon itype iof iantenna iused iin 

iwireless iapplications i, iwhich iis iutilized ifor iwireless icommunications. iTypically, ionly 

imicrowave ifrequencies iare iappropriate ifor iusing imicrostrip ipatch iantennas. 

Frequency i i 

Frequency idescribes ithe inumber iof iwaves ithat ipass ia ifixed iplace iin ia igiven iamount iof 

itime. iAntenna iFrequency iis idefined ias ithe inumber iof icycles iof ia iwave iper isecond. i iIn i 

iengineering iterminology, i ifrequency iis iused ito i iidentify ithe irate iof ioscillatory iand 

ivibratory ioccurrences, ifor iexample iradio iwaves, iaudio isignal i(sound), imechanical 

ivibrations, i i iand ilight. iThe iSI i(International iSystem) iunit iof ifrequency iwhich iis ientitled 

iby ithe iGerman iphysicist iHeinrich iHertz iis ihertz i(Hz). iOne ihertz idenotes ithat ian ievent ior 

isignal irepeats ionce iper isecond. i i 

 

Figure i1.6. i iFrequency idiagram i 

 

Bandwidth i i i 

In icommunication isystems, ibandwidth iis idefined ias ithe icapacity iof ia iwired ior iwireless 

icommunications isystem ilink ito itransmit ithe imaximum iamount iof idata ifrom ia icertain 

iamount iof itime ifrom ione ipoint ito ianother iacross ia icomputer inetwork ior iinternet 

iconnection, itypically iin ione isecond. iConsidering iantenna, ithe iterm i"bandwidth" 

 i 
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idescribes ithe irange iof ifrequencies ithat ian iantenna ican ieffectively itransmit ior ireceive 

ienergy iover. iGenerally, ione iof ithe imost iimportant ifactors irequired ito iselect ian iantenna iis 

Bandwidth. 

hs. 

Figure i1.7 i i iBandwidth idiagram i 

Impedance iMatching i i 

The iapproximate iimpedance ivalue iof ithe itransmitter, iwhen iit iis iequal ito ithe iapproximate 

iimpedance ivalue iof ithe ireceiver, ior ivice iversa, iis ireferred ito ias iimpedance imatching. 

iImpedance imatching ibetween ithe iantenna iand ithe icircuitry iis irequired ifor iwireless 

itransmission. iTuning ior imatching ithe iantenna iis ithe iprocess iof iadjusting ithe iimpedance 

iof ithe iantenna, ithe itransmission iline, iand ithe ielectronics ithroughout ia ifrequency irange, 

iaccording ito ithe itheory iof iMaximum iPower iTransfer. iVSWR iis ia imeasurement iof ithe 

imatch's iquality, iand ibandwidth iis ithe irange iof ifrequencies iwhere ithe iantenna iimpedance 

iis iclose ito i50 iOhms ifor ia iparticular iVSWR. i 

 

Directivity iand iGain i i i 

The iability iof ian iantenna ito iradiate ienergy iin ia iparticular idirection iwhen iit iis itransmitted, 

ior ito ireceive ibetter ienergy ifrom ia iparticular idirection iwhen iit iis ireceived, iis icalled 

idirectivity. iAnd igain iis igenerally idefined ias ithe iratio iof ithe ipower igenerated iby ithe 

iantenna ifrom ia ifar-field isource ion ithe ibeam iaxis iof ithe iantenna ito ithe ipower igenerated iby 
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ia ihypothetical ilossless iisotropic iantenna ithat iis iequally isensitive ito iall idirections iof 

isignals. iThere iis ia irelationship i ibetween i igain i iand i idirectivity. i iThe iphenomenon iof 

iincreased idirectivity iwhen icomparing ia ilight ibulb ito ia ispotlight irecognizes ithis 

irelationship. iIn ia ispecific idirection, ia i100-watt ispotlight ican ihave imore ilight ithan ia 

i100watt ilight ibulb iand iless ilight iin iother idirections. iIt ican ibe isaid ithe ilight ibulb ihas iless 

i"directivity" ias iopposed ito ithe ispotlight. iThe ispotlight iis iclose ito ia ihigh-directivity 

iantenna. iThe ifunctional ibenefit iof idirectness iis igain. iMathematically igain iequals ito ithe 

imultiplication iof idirectivity iand iefficiency. iThe irelation ibetween igain iand idirectivity 

iincludes ia inew iparameter i(η) iwhich iis iknown ias ithe iefficiency iof ithe iantenna. 

 

 

 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 iFigure i1.8: iDirectivity iand iGain 

 Voltage iStanding iWave iRatio i(VSWR) i i i 

VSWR i(Voltage iStanding iWave iRatio) iis ia icalculation iof ihow iradio-frequency ipower iis 

itransmitted ieffectively ifrom ia ipower isource ithrough ia iload ivia ia itransmission iline. iIn 

iother iwords, ithe iratio iof imaximum ipower ito iminimum iwave ipower ican ibe icalculated iand 

ithe istanding iwave iratio iis icalled i(SWR). iIn iterm iof ivoltage, ithe iratio iof ithe ireflected 

ivoltage iover ithe iincident ivoltage iis icalled iVSWR. iThe iVSWR iis ialways ian iantenna 

inumber ithat iis itrue iand ipositive. iThe ilower ithe iVSWR iis, ithe imore ithe itransmission iline 

iis imatched ito ithe iantenna iand ithe imore ipower iis isupplied ito ithe iantenna. iIn ithis icase, ino 
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ipower iis ireflected ifrom ithe iantenna, iwhich iis ithe iperfect icase[7]. iThe iminimum iVSWR iis 

i1 iThe iVSWR iis ishown iin iFigure i1.8 

 i 

 

Figure i1.9 i iVSWR 

 

 

 iReturn iLoss i(RL) i i 

The iReturn iLoss iof ian iantenna iis ia istatistic ithat ishows ithe iproportion iof iradio iwaves 

iarriving iat ithe iantenna iinput ithat iare irejected ias ia iratio icompared ito ithose iaccepted. iIn  

irelation ito ia ishort icircuit, iit iis iexpressed iin idecibels i(dB) i(100 ipercent irejection). iAnother 

iway ito iexpress ithe imismatch ibetween ithe iantenna iand ithe ifeed iline iis ireturn iloss i(RL). 

iThe ialgorithmic iratio, icalculated iin idB, icontrasts ithe ipower ireflected iby ithe iantenna iwith 

ithe ipower ifed iinto ithe iantenna ifrom ithe itransmission iline. iThe iRL iis icorrelated idirectly 

iwith ithe iVSWR. iIn ipractice, ithe imost icommonly iquoted iparameter iin iregards ito iantennas 

iis iS11. iS11 iis iactually inothing ibut ithe ireturn iloss i(RL).If iS11 i= i0dB, ithen inothing iis 

iradiated iand iall ithe ipowers ireflected ifrom ithe iantenna. iIf iS11 i= i-6 idB, ithis iimplies ithat iif 

i3 idB iof ipower iis idelivered ito ithe iantenna, i-3 idB iis ithe ireflected ipower. iThe iacceptable 

iVSWR iof iless ithan ior iequal ito i2 icorresponds ito ia iRL ior iS11 iof i-9.5 idB ior ilower. iIn ithis 

ithesis iRL iof i-10 idB iis itaken ias iacceptable i[30]. i i i 

 i1.10 iMicrostrip iAntenna i i i 

A imicrostrip ipatch iantenna iconsists iof ia iradiating ipatch ion ione iside iof ia idielectric 

isubstrate iwhich ihas ia iground iplane ion ithe iother iside ias ishown iin iFigure i1.9. iThe ipatch iis 

igenerally imade iof iconducting imaterial isuch ias icopper ior igold iand ican itake iany ipossible 
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ishape.iOn ithe idielectric isubstrate, ithe iradiating ipatch iand ithe ifeed ilines iare iusually iphoto 

iengraved. i i 

 

 i i 

 

Figure i1.10 i i iA iMicrostrip iPatch iAntenna iArrangement i[31] 

The ipatch iis iusually isquare, irectangular, icircular, itriangular iand ielliptical ior isome iother 

itypical ishape ito isimplify ithe ianalysis iand iperformance iforecast. iThe ilength i(L) iof ithe 

ipatch iis inormally i0.3333λ i0<L i<0.55-0070 iin ithe icase iof ia irectangular ipatch, iwhere i5007 

iis ithe ifree-space iwavelength. iThe ipatch iis iselected ito ibe ivery ismall, iso iit iis it<<0 i(where 

itis ithe ipatch ithickness). iThe idielectric isubstrate iheight ih iis itypically i0.0035-007- 

0 i⁇ ih i0.055-0070. iThe isubstrate idielectric iconstant i(шr) iis iusually iwithin ithe irange iof i2.2 

i≤ iшr≤ i12. i i 

 iAdvantages iand iDisadvantages iof iMicrostrip iAntenna i i i: 

Thanks ito itheir ilow-profile iconstruction, imicrostrip ipatch iantennas iare igrowing iin 

ipopularity ifor iuse iin iwireless iapplications. iThey iare ialso ihighly icompatible iwith 

iembedded iantennas iin iwireless ihandheld idevices, isuch ias imobile iphones, ipagers, ietc. 

iThe itelemetry iand icontact iantennas ion imissiles imust ibe ismall iand iconformal iand iare ialso 

ipatch iantennas ifor imicrostrips. i i i 

Some iadvantages iof ithe imicrostrip iantenna iare igiven ibelow: i i i 

1. Microstrip iantennas iare ilightweight iand ilow ivolume. i i 

 i 
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2. They ican ibe imanufactured iat ia ilow icost iand ican itherefore ibe iproduced iin ilarge 

iquantities. i i 

3. They ihave ia ilow-profile iplanar iconfiguration ithat ican ibe ieasily iadapted ito ithe ihost 

isurface. i 

4. Supports iboth ilinear ipolarization iand icircular ipolarization. i 

5. Microstrip iantennas ican ibe ieasily iintegrated iwith iintegrated imicrowave icircuits i. 

6. They're icapable iof idual iand itriple ifrequency ioperations. i i i 

Some idisadvantages iof ithe iMicro-strip iantenna iare igiven ibelow: i i 

1. Microstrip iantenna ihas inarrow ibandwidth. i i i 

2. Their iefficiency iis ilow. i i i 

3. They iare iof ilow igain. i i 

4. They isuffer ifrom iexternal iradiation ifrom ifeeds iand ijunctions. i 

5. Their icapacity ifor ihandling ipower iis ilow. i 

 

 

1.11 iDesign iTool i i 

CST iMicrowave iStudio i: i 

CST iMICROWAVE iSTUDIO i(CST iMWS) iis ia ihigh-quality imeans iof ielectromagnetic 

i3D ihigh ifrequency isimulation. iCST iMWS iallows ithe iuser ito iquickly iand ireliably 

ievaluate ihigh-frequency icomponents, isuch ias iantennas, ifilters, icouplers, iplanar iand 

imulti-layer istructures, iand iSI iand iEMC ieffects. iBoth isolvers ifor ithe itime idomain iand 

isolvers ifor ithe ifrequency idomain iare iavailable iin ithe isoftware. iMore isolver imodules iare 

idealt iwith iby iCST ifor iparticular iapplications. iImport ifilters ifor icomplex iCAD ifiles iand 

iextraction iof iSPICE iparameters iimprove idesign ipossibilities iand isave itime. iFor 

ielectromagnetic idesign iand ianalysis, iCST iprovides iprecise, ieffective icomputational 

isolutions. iOur iuser-friendly i3D iEM isimulation iprogram ihelps iyou ito iselect ithe imost 
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isuitable iapproach ifor idesigning iand ioptimizing isystems ithat iwork iacross ia iwide irange iof 

ifrequencies. i 

1.12 iMotivation i i 

Due ito iits icost-efficiency, iversatility, imobility iand imany iother ifeatures, iit ihas ibecome 

ivery ipopular isince ithe istart iof iwireless icommunication. iAs ia iresult, ithere ihas ibeen ia irapid 

iincrease iin idemand ifor imobile iconnections, idata irates iand imobile idata itraffic iover ithe 

ilast ithree idecades. iAgain, ia inew idimension ihas ibeen iapplied ito ithese idemands iby ithe 

iInternet iof iThings i(IoT). iIn ialmost ievery idecade, ithe itelecommunications iindustry ihas 

ievolved ifrom idifferent igenerations iof istandards ito imeet ithis igrowing idemand. iAs ia 

iresult, ithe i5th igeneration i(5G) iis iplanned ito imeet ithe iconnectivity irequirements iof imore 

ithan i100 ibillion iwireless idevices, ilow imillisecond ilatency, i10 iGbps idata irate, iInternet iof 

iThings, ietc. ithat iwere iintroduced iin ithe iearly i2020s i[1]. iOne iof ithe ikey ichallenges ifor ithe 

ideployment iof i5G iis ithe ipath-loss iin ihigh ifrequency iwhich imotivated ius ito idesign ian 

iantenna ithat ican icope iwith ithis ichallenge. i i 

  i  
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Chapter i2 i 

Literature iReview i i 

2.1 iRequirements iof i5G 

In iarrange ito iguarantee ithat ithe iproper i5G iremote iframework iis ideveloped, iit iis 

ifundamental ito igather iand iconcur ithe inecessities iof ithe iframework. iBy icollecting ithe 

iprerequisites, iit iis iconceivable ito iget ithe iwants iand idesign ithe i5G iremote iframework ito 

imeet ithe iprerequisites, iand iin ithat iway isatisfy iwants. iBy iconcurring ithe iprerequisites, iall 

iparties ican iwork itowards ideveloping ithe isame iframework iand icreate iwork-arounds 

iwhere ithem, iIt ipossess ispecific ineeds imay inot ibe isufficiently imet. iCare ishould ibe itaken 

ithat ithe i5G iprerequisites iare icarefully icollected iand iexamined iso ithat ithe imost iexcellent 

iframework iis iaccomplished. iSomething ielse iit iseems iresult iin ia iframework ithat's inot 

iusable. 

 i i i i i i i i i i i i 
 Potential iof i1ms i 

 1000x ibandwidth iin iper iunit iarea. i 

 10x ito i100x inumber iof ilinked idevices. i 

 Availability iis i99.999 ipercent. i 

 100 ipercent icoverage. i 

 90 ipercent isaving iin isystem ienergy iusage. i 

 

 

 

2.2  iPaper iReview i i 

The iwork iof iother iresearchers irelated ito ithis ithesis i"Design iand iSimulation iof ia iDual 

iBand i iMicrostrip iPatch iAntenna ifor i5G iMobile iApplications" iwill ibe ireviewed iin ithis 

isection. iThis iis ia icritical ielement ifor iactive iresearch ion ian iexisting iantenna's ififth 

igeneration i(5G) imobile iapplication. iTherefore, iwith ienhanced iefficiency iand iease iof 

idevelopment ifor ithe idesign iand isimulation iof ian iantenna. i i 
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[1] Small iForm iFactor iDual iBand i(28/38 iGHz) iPIFA iAntenna ifor i5G 

iApplications 

This ipaper ipresents ifor ithe ifirst itime, ithe idesign iof ia idual iband iPIFA iantenna ifor i5G 

iapplications ion ia ilow-cost isubstrate iwith ismallest iform ifactor iand iwidest ibandwidth iin 

iboth ibands i(28 iGHz iand i38 iGHz). iThe iproposed idual iband iPIFA iantenna iconsists iof ia 

ishorted ipatch iand ia imodified iU-shaped islot iin ithe ipatch. iThe iantenna ishows igood 

imatching iat iand iaround iboth icenter ifrequencies. iThe iantenna ishows iclean iradiation 

ipattern iand ibandwidth iof i3.34 iGHz iand i1.395 iGHz iand igain iof i3.75 idBi iand i5.06 idBi iat 

i28 iand i38 iGHz irespectively.[1] 

 

[2] Design iof ia iTri-Band iMicrostrip iPatch iAntenna ifor i5G iApplication. 

In ithis iarticle, ia itriple iband imicrostrip ipatch iantenna iis iproposed ifor ifuture i5G iwireless 

icommunication. iThe iantenna isubstrate iis iused iby iRogers iRT iDuroid-5880, iwhich ihas ia 

ilow irelative ipermittivity iof i2.2 iand ia ithickness iof i0.25 imm. iTwo iseparate icommercial 

ielectromagnetic isimulation iapplications, inamely iIE3D iand iHFSS, idesigns iand isimulates 

ithe iexpected iantenna iand icompares iboth iresults. iSimulation iresults ishow ithat iat ithree i5 iG 

ibands, ithe ibuilt iantenna iprovides ia ireflection icoefficient iof ibetter ithan i10 idB. iAt i24.4 

iGHz, i28 iGHz iand i38 iGHz, ithe imaximum igain iis i6.65 idBi, i7.02 idBi iand i5.05 idBi i.[2] 

[3] Single iFeed iCompact iMillimeter iWave iAntenna ifor iFuture i5G iApplications 

In ithis iresearch, ia isingle-layer icompact iplanar iantenna ihas ibeen iproposed ifor iupcoming 

i5G iwireless itransmission iapplications, iprinted ion ia ilow-cost idielectric isubstrate 

i(RTduroid i5880) iand iresonating iat itwo ifrequencies- i28 iGHz iand i38 iGHz. iThe ifinite 

ielement imethod i(FEM) iof iMaxwell’s ielectromagnetic iequations iand ithe iparametric istudy 

iconducted ishowed ithe iperformances ias ipeak igain i8.05dB, ibandwidth i921MHz iat i28 iGHz 

iband iand ipeak igain i8.28dB, ibandwidth i1.0451 iGHz iat i38 iGHz iband. iIn iaddition, 

ibandwidths ifor iboth iresonance ifrequencies iimprove isignificantly iby ithe iidea iof imerging 

iunwanted inarrow ibandwidths i.[3] 
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[4] Design iand iAnalysis iof iMillimeter iWave iDielectric iResonator iAntenna ifor i5G 

iWireless iCommunication iSystems 

This iwork ipresents ia inovel imultiband irectangular idielectric iresonator iantenna ifor ifuture 

i5G iwireless icommunication isystem, ihaving istacked iradiator iwith isemi-circular islots 

ietched ion ithe ileft iand iright isides iof ian iupper iradiator. iAdditionally, ia isemi-elliptical islots 

irectangular imicrostrip ipatch iantenna iof ithe isame idimensions ifor ithe ipurpose iof 

icomparison iis idesigned. i28 iand i38 iGHz, iwhich iare ithe iproposed i5G ibands iby imost 

iresearchers, iare ithe icore itarget iof ithis iwork. iOn ithe iother ihand, ithe iproposed imicrostrip 

iantenna iresonates iat i28 iand i38GHz iwith ia i1.49 iand i1.01GHz iof imoderate iimpedance 

ibandwidth, ihaving i−23.6 iand i−27.1 idB iof isatisfactory ireturn iloss. iFurther, ithe iproposed 

ipatch iantenna ihas ia imaximum iradiation iefficiency iof i90.33% iat i28 iGHz, iwith ioverall 

iradiation iefficiency iof igreater ithan i84%, iand imoderate igain iof i5.45 idBi iis ialso inoted.[4] 

 

[5] 28/38 iGHz iDual-band iDual-polarized iHighly iIsolated iAntenna ifor i5G iPhased 

iArray iApplications 

This ipaper iproposed ia inew idual-band idual-polarized iarray iantenna ioperating iat i28 iGHz 

iand i38 iGHz ifor i5G icommunication iapplications. iThree istacked ipatches iare iadopted ito 

iachieve ithe idual-band ioperation. iThe ilower iband ifrom i27.48 ito i28.50 iGHz iis iachieved iby 

iusing ithe ilower ilarge ipatch, iwhich iis icouple-fed iby ithe imiddle ipatch. i iFor ithe iantenna 

ielement, ithe isimulated i-12 idB ibandwidths iare i27.48-28.50 iGHz iand i36.94-40.43 iGHz ifor 

ithe itwo ibands, irespectively. iThe iin-band igains iare iover i6 idBi iin ithe ilower iband, iand iover 

i4 idBi iin ithe iupper iband. iFor ithe i2×2 iantenna iarray, ithe iisolations iare ibetter ithan i20 idB iin 

iboth iband. [5] 

[6] Novel iDual-Band i28/38 iGHz iMIMO iAntennas ifor i5G iMobile iApplications 

This ipaper iintroduces inew icompact imicrostrip iline ifed idual-band iprinted iMIMO iantennas 

iresonating iat i28 iGHz iand i38 iGHz iwhich iare iappropriate ifor i5G imobile icommunications. 

iThe idual-band iresponse iis iattained ifrom iinverted iI-shaped islots iinserted iin imain ipatches. 

iThe isubstrate isize iis i55×110mm2, iwhile ithe iintroduced iantennas ihave ivery imodest 

iplanar iconfigurations iand iinhabit ian iinsignificant iarea iwhich imake ithem ifit ieasier iwithin 
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ihandset idevices ifor ithe iforthcoming i5G imobile icommunications. iBetter ireturn ilosses iand 

ilarger ibandwidths iare irealized. i[6] 

 

[7] A iSingle iBand iAntenna iDesign ifor iFuture iMillimeter iWave iWireless 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 iCommunication iat i38 iGHz 

 
In ithis ipaper, ithey iproposed ian iantenna, iwhich iis isuitable ifor ithe imillimeter iwave 

ifrequency. iThe isingle iband iantenna iconsists iof inew islot iloaded ion ithe iradiating ipatch 

iwith ithe i50 iohms imicrostrip iline ifeeding iused. iThis isingle iband iantenna iwas isimulated 

ion ia iFR4 idielectric isubstrate ihave irelative ipermittivity i4.4, iloss itangent i0.02, iand iheight 

i1.6 imm. iThe iantenna iwas isimulated iby iElectromagnetic isimulation, icomputer isoftware 

itechnology iHigh iFrequency iStructural iSimulator. iAnd isimulated iresult ion ireturn iloss, 

iVSWR, iradiation ipattern iand i3D igain iwas ipresented.[7] 

 

[8] Design iof i28/38 iGHz iDual-Band iTriangular-Shaped iSlot i iMicrostrip iAntenna 

iArray ifor i5G iApplications 

In ithis ipaper, idual iband isingle ielement, itwo ielements, ifour ielements iand isix ielements 

iarray iantennas iare iproposed. iThe iresults ishow ithat ithe idesigned i5G iantenna iarray ihas 

idual-band iresponse iat i28 iGHz iand i38 iGHz ibands. iThe isimulated igain iof isingle ielement 

iantenna iis i5.75 idBi iand i7.23 idBi iat i28 iGHz iand i38 iGHz irespectively. iFor ia isix ielement 

iarray, ithe ihighest igain iis iobtained. iThe igain iwould ibe i7.47 idBi iand i12.1 idBi. iThe 

iaddition iof ithe iradiating ielements i(array) iof ithe iantenna ithus iaffects ithe iantenna igain i.[8] 

[9] Single-feed iDual-band iAperture icoupled iAntenna ifor i5G iApplication 

In ithis ipaper, iA ilightweight, ihigh-gain, isingle-feed, idual-band iantenna ifor i5G 

iapplications ihas ibeen iproposed ifor idesign iand isimulation. iA i28 iGHz, i6.25 idBi islot 

iantenna iand ia i38 iGHz, i8.5 idBi ipatch iantenna iare ipart iof ithe iplanned iantenna. iBoth 

iantennas ihave ia icross ipolarization ifrequency iof iless ithan i48 idB iand ian iestimated i2 iGHz 

ibandwidth i.[9] 
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[10] Compact iPlanar iFour-port iMIMO iAntenna ifor i28/38 iGHz iMillimeter-wave 

i5G iApplications i 

This iarticle ipresents ia iplanar ifour-port imicrostrip iline-fed iMultiple-Input iMultiple-

Output i(MIMO) iantenna ioperating iat i5G imillimeter-wave icandidate ibands iof i28 iGHz iand 

i38 iGHz. iA irectangular ishaped i ipatch iantenna iis idesigned ias ia imain iradiator ito iobtain ia 

iresonance iat i28 iGHz. iEtching iof ia isingle ielement isplit-ring iresonator i(SRR) 

imetamaterial iunit icell ifrom ithe ibasic ipatch iradiator iintroduces ian iadditional iresonance 

iband iat i38 iGHz. iThe iinvestigated idiversity iperformance iparameters, iwhich iresult iin ian 

ienvelope icorrelation icoefficient ibelow i0.005, idiversity igain iof ialmost i10 idB, iand ichannel 

icapacity iloss iof iless ithan i0.35 ibits/s/Hz, iare iall ifound iwithin itheir iconventional ilimits. 

iThe ifindings ishow ithe iviability iof ithe idesign ifor imillimeter-wave i5G iapplications.[10] 

 

[11] Broadband iElliptical i iSlotted i iPatch i iAntenna i ifor i i5G i iCommunications. 

In ithis ipaper, ian ielliptical islotted ibroadband ipatch iantenna ifor ifuture i5G icommunications 

iis iproposed. iThe isize iof ithe iproposed iantenna i4.2×4.2 imm2 i iand ithe iheight iis i0.127 imm. 

iA irectangular iground iwith ithe ielliptical islot iand iT ishaped islotted ipatch iis icombined iwith 

ia i50 iohm imicrostrip itransmission iline ifeeding itechnique iis idesigned. iThe idesigned 

iantenna icovers ithe iwhole iband ifrom i22 iGHz ito i48 iGHz iwhich iconsists iof ithree i5G 

ifrequency iband, iwith iappropriate igain iand ialso iobtained iomnidirectional iradiation 

ipattern. iThe idesigned iantenna iarray irealized ia ihigh igain iof inearby i18 idBi iat i28 iGHz iand 

i21 idBi iat i38 iGHz. iThe iproposed iantenna iin ithis ipaper ican ibe ia igood icandidate ifor 

iupcoming i5G iwireless icommunication i.[11] 

[12] 5G imm-wave iAntenna iArray iBased ion iT-slot iAntenna ifor iTerminals 

In ithis ipaper, iA iphased-array iantenna isystem ithat ican ibe iused iin imobile iterminals iis 

iproposed ibased ion ithe iT-slot iantenna. iThe iT-slot iantenna's ireturn ifailure, iradiation iand 

iscanning ibehaviors iare idiscussed. iThe iantenna igain iof ithe iT-slot iantenna iis imore iuniform 

icompared ito ithe iusual irectangular islot iantenna, iso iit iis imore isuitable ifor ithe i5G imm-wave 

imobile iterminal iuse i.[12] 
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[13] Design iof ia iDual-band iMIMO iAntenna ifor i5G iSmartphone iApplication 

In ithis ipaper, ia idual-band ifour-antenna iMIMO iarray ifor i5G imobile iapps iis isuggested. 

iFour iantennas ioperating iat i3300-3600 iMHz iand i4800-5000 iMHz iconstitute ithe iproposed 

iantenna. iIn iline iwith ithe itrend iof ia ifull-screen ismartphone iantenna idesign, ithe iproposed 

iantenna iis ipositioned iin ithe iside iframe, ion ithe ipremise iof ithe ireflection icoefficient ito 

imeet ithe irequirements, ito iachieve ia ireasonably ihigh iisolation, ithe iantenna isize iis 

irelatively ismall, isuitable ifor iultra-thin ismartphone icommunications itoday.[13] 

 

[14] Small iForm iFactor iPIFA iAntenna iDesign iat i28 iGHz ifor i5G iApplications. 

This ipaper ipresents ithe idesign iand istudy ifor ipotential i5G iMobile iapplications iof ithe 

ilowest iform ifactor iplanar iInverted-F iAntenna iat i28GHz. iFor ithe ifeeding iand ishorting iof 

ithe iantenna, imetallic istrips iare iused. iThis iantenna’s iessential ifeatures iare iits ismall 

ifootmark i(0.25λg), i4.5dBi igain, i1.55 iGHz iimpedance ibandwidth iof i10 idB iand i94 ipercent 

iradiation iefficiency. i0.25λg iis ithe isum isize iof ithe iPIFA iantenna. iThe iefficiency iof iPIFA 

iantennas irelies igreatly ion ithe isize iof ithe iground iplane iand iits ilocation ion ithe iground 

iplane. iWhen ilocated iat ithe icorner ior iside, iit idisplays ia istrong iradiation ipattern. iThe iPIFA 

iantenna iis imounted ion ia iFR-4 isubstrate i0.8 imm ithick. iTo ienhance ithe ibandwidth, iit iis 

ipossible ito iadd iadditional iparasitic ielements i.[14] 

 

[15] A iMillimeter-Wave iConnected iAntenna iArray ifor i5G iApplications. i i 

For ihigh idata irate ifuture i5G iwireless icommunications, ia iwide-band inovel iprinted iwired 

iantenna iarray iarchitecture iis iproposed iin ithis ipaper iat i28 iGHz iband. iThe iarchitecture iof 

ithe iantenna ito ibe iused ifor icell iphone iapplications iwas iplanar, icompact iand ithin. iIt 

iproduced ipeak igain iranges ifrom i4.29 idBi ito i6.68 idBi iusing i4* i4 iButler imatrix ifor i4 

iswitched ibeam ipositions i.[15] 
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[16] A iNovel iConnected iPIFA iArray iwith iMIMO iConfiguration ifor i5G iMobile 

iApplications. 

A inovel iConnected iPIFA imultiple iinput imultiple ioutput iantenna ihas ibeen idemonstrated 

iin ithis iwork ifor iupcoming i5G iwireless iapplications. iThe iantenna iis icontained iof ifour 

iMIMO iantenna ieach iof iwhich iconsists iof i8-element iconnected iantenna iarray. iAgain, 

ieach iarray iis iformed iwith ieight iconnected iprinted iInverted-F iantennas i(PIFA). iThe ireturn 

iloss igraph ishows ithat ithe iantenna ioperates iat i28 iGHz i5G iband iwith ithe ibandwidth iof 

iaround i i1 iGHz. iThe ipeak igain iis i12 idBi iand ithe iradiation iefficiency iis i85% i.[16] 

 

[17] mmWave iNovel iMultiband iMicrostrip iPatch iAntenna iDesign ifor i5G 

iCommunication. 

 i 

For i5G icommunication, ithis ipaper iintroduces ia inew immWave imultiband ipatch iantenna 

iarchitecture. iThe i5G immWave iantenna iresonates iwith ia imaximum ibandwidth iof i5.5 

iGHz iand i8.67 iGHz iin ithe i37 iGHz iand i54 iGHz ibands, irespectively. iThe i5G immWave 

imultiband iantenna iis idesigned iwith ifeatures isuch ias ilight iweight, ilow icost, ilow iprofile, 

ihigh iperformance iand ihigh iefficiency iusing imicrostripe itechnology. iCST iMWS 

isimulation isoftware iis iused ito idesign ithe i5G iantenna. iIt ihas ia itiny i7.2 ito i5.0 ito i0.787 

imm3 iform ifactor. iA iappropriate igain iof i5 idBi iand i6 idBi irespectively ihas ibeen iachieved 

iby ithe i5G imultiband iantenna. iIt ican ibe iconveniently iintegrated iand iused ifor i5G 

inetworking iin ismart idevices i.[17] 

[18] Dual-band iMicrostrip iPatch iAntenna iArray ifor i5G iMobile 

iCommunications. 

This ipaper ipresents ithe ispecification ifor idual-band i5G icommunication ifor ithe i8-element 

imicrostrip ipatch iantenna i(MPA) iseries. ithe iproposed iantenna iarray iis icompact. iBy 

ietching ithe iU-shaped iinverted islot ifrom ithe imain iradiator, idual-band iresponse iis 

iachieved. iThe ifindings ishow ithat ifor ithe idesired ifrequency ibands, ithe iproposed iarray iis 

iable ito iprovide iresonance. iIn iaddition, ithe iproposed iantenna iarray idisplays iOmni-

directional iradiation iand iprovides iboth ifrequency ibands iwith ian iappropriate igain.[18] 
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[19] A iSmall iDual iBand i(28/38 iGHz) iElliptical iAntenna iFor i5G iApplications 

iWith iDGS 

In ithis ipaper, ia icompact ielliptical idual-band imicrostrip iantenna ifed iwith ia icoplanar 

iwaveguide iis ipresented. iThe iproposed iantenna iis idesigned iand ianalyzed iusing ia i3-D ifull-

wave ielectromagnetic isoftware inamed, iHigh iFrequency iStructure iSimulator i(HFSS) 

isoftware ibased ion ifinite ielement imethod i(FEM). iThe idesign iadopts ia ibi-layer isubstrate 

iconfiguration iwhere ithe ielliptical iradiating ipatch iis iprinted ion ia iRogers iRO3010 

isubstrate iof idimensions i2.265x2x0.75mm3, iwith ia idielectric iconstant iof i10.2 iand iloss 

itangent iof i3.5.10-3 iat i9.4 iGHz ion iwhich ithe iradiating ipatch ioccupies ia isurface iarea iof 

i0.754mm2. iMoreover, iRogers iRO3010 iis iplaced ion ithe itop iof ianother idielectric, iwhich iis 

ia iRogers iRO4350B, ihaving ia irelative ipermittivity iconstant iof i3.66 iand iloss itangent iof 

i4.10-3 iat i9.4 iGHz. iThe iantenna ioperates iat i28GHz iand i38GHz, itwo iof ithe iselected ibands 

iallocated ito i5G iby iInternational iTelecommunications iUnion. iThe isimulation iresults ishow 

ithat ithe iantenna iachieves ia iminimum iwide ibandwidth iof i4.14GHz iand ia iconstant igain iof 

i6dB iover ithe ioperating ifrequency irange.[19] 

 

[20] Dual-Band i28/38 iGHz iInverted-F iArray iAntenna ifor iFifth iGeneration 

iMobile iApplications 

 

In ithis iarticle, ia inew i28/38 iGHz idual-band i“inverted-F” iarray iantenna ifor i5G iapplications 

iis iproposed. iThis iantenna ican ibe iintegrated iin iOLEDs i(Organic iLight iEmitting iDiodes) 

ipanels iwhich ican ibe iused iboth ifor ilighting ior idisplay. iThis i5G iantenna, icomposed iof i32 

ielements, ihas ithe iadvantage iof ia idual-band iand icompact istructure. iEach ielement iof ithe 

iarray iantenna ihas ithe ishape iof ian i“inverted-F” iantenna. iThis iarray iantenna ican icover ithe 

i28 iGHz iband i(27.94–28.83 iGHz) iand ithe i38 iGHz iband i(37.97–38.96 iGHz) iwith imutual 

icoupling ibetween ithe ielements iless ithan i i35 idB.[20] 
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 i 
[21] Dual-Band i28/38 iGHz iCoupled iQuarter-Mode iSubstrate iIntegrated 

iWaveguide iAntenna iArray ifor iNext-Generation iWireless iSystems 

 

A inovel idual-band isubstrate iintegrated iwaveguide i(SIW) iantenna iarray itopology iis 

iproposed ifor ioperation iin ithe i28 iGHz iand i38 iGHz ifrequency ibands. iThe icomputer-aided 

idesign iprocess iyields ia ifour-element iantenna iarray ithat ientirely icovers ithe i28 iGHz iband 

i(27.5 i– i29.5 iGHz) iand i38 iGHz iband i(37.0 i– i38.6 iGHz) iwith ia imeasured iimpedance 

ibandwidth iof i3.65 iGHz iand i2.19 iGHz, irespectively. iA imeasured ibroadside igain iof i10.1 

idBi, ia iradiation iefficiency iof i75.75 i% iand ia i3 idB ibeamwidth iof i25° iare iachieved iin ithe i28 

iGHz iband. iMoreover, iin ithe i38 iGHz iband ithe imeasured ibroadside igain iamounts ito i10.2 

idBi, ia iradiation iefficiency iof i70.65 i% iis iachieved iand ithe i3 idB ibeamwidth iis i20°.[21] 

 

[22] 5G idual-band islotted iSIW iarray iantenna i2019 

 

A idual-band islotted isubstrate-integrated iwaveguide ifour-element iarray iantenna ifor ithe 

i5G icommunication isystem iis ipresented iin ithis imanuscript. iTwo ilongitudinal islots iare 

iresponsible ifor igenerating ifrequency ibands iof i28 iand i38 iGHz. iThe iproposed iantenna iis 

idesigned ion ithe isubstrate iduroid i5880/Rogers ihaving ia iloss itangent iand idielectric 

iconstant iof i0.003 iand i2.2, irespectively. iThe ideveloped isingle-element idesign iat i28 iGHz 

iprovides i6.35 idBi igain, iwhile iat i38 iGHz iit iprovides i7.3 idBi igain iand ithe isimulation iis 

icarried iout iwith iCST iMicrowave iStudio, i2018. iThe idesigned iantenna iarray iattains ithe 

iradiation iefficiency iof i88.08% iwith i12.7 idBi igain iat i28 iGHz iand ithe iefficiency iof 

i84.44% iwith i15.5 idBi igain iat i38 iGHz iband.[22] 

[23] Design iof i28/38 iGHz iDual-Band iSIW iSlot iantenna ifor i5G iApplications 

This ipaper ishows ia idual-band ilinearly ipolarized isubstrate iintegrated iwaveguide i(SIW) 

iantenna iwith itwo islots ion ithe isubstrate ifor ifuture i5G icommunication inetworks. iThe 

iproposed iantenna istructure iis iresonating iat i28 iGHz iand i38 iGHz ifrequency ibands,which 

iare isuitable ifor i5G imobile icommunications. iThe ipresented iSIW iantenna iis idesigned ion 

ilow iloss iRogers iRT/duroid i5880 isubstrate iwith idielectric iconstant ir iof i2.2 iand iloss 

itangent itan iof i0.003. iThe iantenna ishows ithe ibandwidth iof i0.99 iGHz iand i0.40 iGHz iat i28 
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iand i38 iGHz iseparately. iThe iacquired idirective igain iand iefficiency iof ithe iproposed 

idesignfor i28 iGHz iis i7.2dBi iand i93.28% irespectively, iand ifor i38 iGHz ithe idirective igain 

iis i11.2dBi iand iefficiency iis i85.68%.[23] 

 

[24] Dual-band iPlanar iSpiral iMonopole iAntenna ifor i28/38 iGHz iFrequency 

iBands 

 

This ipaper ipresents ia idual-band ispiral iplanar imonopole iantenna iworking iin i5G icandidate 

ibands iof i28 iand i38 iGHz. iStructure iof ithe iproposed iantenna iis ia ispiral ithat ihas itwo iarms, 

ieach ione iresponsible ifor ia idifferent iresonant ifrequency. iThe iantenna ihas ia ipeak igain iof 

i4.73 idBi iand iefficiency igreater ithan i90% iin iboth ibands. iThe iproposed iantenna ihas ia isize 

iof i4×8 imm2. iA ivery ihigh igain iof i12.7 idBi iis iobtained iwhen ithe iantenna iis iused iin ian i8-

element iarray iconfiguration. iThe ioverall iantenna iarray ihas ia isize iof i8×48 imm2. iThe 

iradiation ipatterns iexhibit ia ivery inarrow ibeam-width iof ias inarrow ias i8 idegrees. iThe ihigh 

igain iand ismall isize imakes ithis iantenna isuitable ifor ifuture i5G imobile iphones.[24] 

 

[25] 28/38 iGHz iDual-Band iMicrostrip iPatch iAntenna iwith iDGS iand iStub-Slot 

iConfigurations iand iIts i2x2 iMIMO iAntenna iDesign ifor i5G iWireless 

iCommunication 

This ipaper iproposed ia idual-band imicrostrip ipatch iantenna iwith ia iwide ibandwidth ithat 

iworks ifor i28 iGHz iand i38 iGHz ifrequency ibands. iDefected iGround iStructure i(DGS) iand 

istub islot iconfiguration ihave ibeen iused ito iachieve iwide ibandwidth iand idual-band, ithe 

ioverall isize iof ithe iantenna iis i8.25 ix i9.69x0.45 imm3. iThe iproposed iantenna iexhibits ia i-

10-dB iimpedance ibandwidth iof i5.13 iGHz iand i11.63 iGHz, igain iof i8.31 idB iand i6.38 idB 

iand i98% iefficiency ifor iboth i28 iand i38.5 iGHz iresonant ifrequency irespectively. iA i2x2 

iMIMO iantenna ialso idesigned iwhere iisolation iis iless ithan i-20 idB ibetween idifferent 

iports.[25] 
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2.2 i iSummary i i i 

Several istudies ihave ibeen iconducted ion ithe iconstruction iof idual iband ipatch iantennas 

iusing islot iantenna ifor ivarious ibands. iThe icurrent iresearch imakes iit iclear ithat ithe ivarious 

imillimeter iwave ibands iare ithe imost iprospective iand isignificant ichoice ifor i5G iwireless 

icommunication, ias ia ilot iof iresearch ihas ibeen idone ithat icovers ithose ifrequency ibands. 

iAgain, idesigning ia ihigh-gain islot iantenna ito iovercome ihigh isignal iloss iwhile ibeing 

isufficiently ismall ito icomplying iwith ithe inew iand ibe isimpler ito iproduce iinto ia imobile 

iphone iis ithe imost ichallenging itask iin i5G ideployment. 
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Chapter i3 

Methodology 

3.1 i Methodology i i i 

Methodology iis ithe ione ikind iof i ispecific iprocedures ior itechniques. iMainly, iit’s iused ito 

iidentify, iselect, iprocess iand ianalyze iinformation iabout ia itopic. iAn iusers ican ialso iuse ithe 

iterm i“methodology” iin ihis iresearch ipaper ifor ithe ireader ito icritically ievaluate ia istudy’s  

ioverall ivalidity iand ireliability. iMethodology ican ibe idivided iinto itwo isections ione iis 

iqualitative imethodology iand ianother iis iquantitative imethodology. iIf iwe ican isay ilike 

igiven iexample ilike iTo iunderstand ithe iviews iof ipeople iregarding ian iincident ithat itook 

iplace, ior ia icandidate irunning ifor ipresident, ia iqualitative iapproach imay ibe iused. iIn 

icomparison ito ithis, iwhere ithe iresearch iobjectives iand itargets iare iconfirmatory iin inature, 

ia iquantitative iapproach iis iusually iused. i 

3.2 i Research iDesign i i i 

The iframework ican ibe ifind iout ithe isolution ito itheir iresearch iproblem iis iknown ias ithe 

iresearch idesign. iMainly, ia iresearch idesign iis iused ito ifind iout ithe iresearch iquestions. 

iOutline ithe iresearch iresources iof ia iresearch iwork. iFor iexample, iresearch iquestions, 

idependent iand iindependent ivariables, iexperimental idesign iand, iwhere iapplicable, idata 

icollection imethods, iand ia istrategy ifor istatistical ianalysis. i i 

Improvement iof istudy ifor ithis iresearch: i 

• Study ion ievolution itowards i i5G. i i 

• Study ion iantenna irequirements ifor i5G. i i 

• Study iliterature ion islot ibased imicrostrip ipatch iantenna iand iexisting i5G i iantennas. i 

• Study iprocedure islot ibased i(MPA) iantenna idesign. i 

• Study iantenna idesign iprocedure iin iCST iMicrowave iStudio. i 

• Calculate iappropriate iparameters ito idesign iantenna. i 

• Implement ithe iprocedure. i 
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3.3 i Pilot iStudy i i i i 

A ipilot istudy, ipilot iproject, ipilot itest ior ipilot iexperiment iis ia ismall-scale iexperimental 

istudy iconducted ito idetermine ifeasibility, itime, icost, ihostile ioccurrences iand idevelop ithe 

inature iof ithe istudy ibefore iconducting ia ifull-scale iresearch iwork. iIt iis idone ibefore ithe 

iresearch iis iplanned. iIn igeneral, ipilot istudies iare iconducted ias iplanned ifor ithe iresearch. 

iAlthough ia ipilot istudy icannot irule iout iany isystematic ierrors ior iunexpected iproblems, iit 

ireduces iso imany ierrors ithat ithe iinitial istudy iwill iwaste itime iand ieffort. i i 

Importance iof iPilot istudy: i i 

• To itest ithe iresearch iprocess iand/or iprotocol. i i i 

• To icategorize ivariables iof iconcern iand ielect ihow ito ifunctionalize ieach ione. i i i 

• To idevelop ior iexamine ithe ieffectiveness iof iresearch iinstruments iand iprotocols 

• To ievaluate istatistical iparameters ifor ilater iinvestigations. i i i 

3.4 i Software i i 

Microwave iStudio iComputer iSimulation iTechnology i(CST iMWS) iis ia ipowerful itool ifor 

i3D ielectrical isimulation iof ihigh igain ifrequency icomponents. iCST iMWS iallows ifor ia 

irapid iand iprecise iassessment iof iHF isystems isuch ias ifilters, icouplers, iantennas, isingle iand 

imultilayer iconstructions iand iSI iand iEMC iimpacts. iCST iMWS iprovides iunprecedented 

iperformance, imaking iit ithe ifirst itechnology-leading ichoice iin iR&D idepartments. 

iExceptionally iuser-friendly, iCST iMWS igives ithe iuser ia iquick ioverview iof ihigh-

frequency imodel iEM iconduct. i 

3.5 i i iObjectives i i 

 To idesign iand isimulate  dual band patch iantenna ifor ifuture i5G imobile isystems ifor 

i28 iGHz iand i38 iGHz. i 

 To improve performance of parameters from existing antenna 5G mobile systems 

in comparison to latest literatures. 

 To isimulate ithe idesigned iantenna iin iCST. 
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3.6 Design iprocedure i i: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

i i i i i i i i i i i i i i i i i iFigure i3.1 iDesign iFlow iChart iof iProposed iAntenna 

Design iMicrostrip ipatch iantenna ifor i28 iGHz i& i38 iGHz iantenna 

Find iout ibest isubstrate ibased ion i5G irequirement 

Find iout ibest isubstrate iheight 

Find iout ibest ifeeding itechnique 

Simulate ithe iantenna 

Simulate iand iobserve ithe iresults 

Are ithe iresult ibetter ithan ithe 

iexisting 

START 

Write ireport 

END 

No 

Yes 
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3.7Antenna iDesign by iEquation 

The ifirst istep iin ithe iantenna idesign iis ito iselect ithe iright idielectric isubstrate iwith ithe 

iappropriate ithickness i(h).iDielectrics iare iused ifor ielectrical iand imechanical istability 

ichanges. iThey iare iused ito ireduce ithe isize iof ithe iantenna iand ihelp igenerate idisplacement 

icurrent, iwhich iin ithe iMagnetic iField i(Ampere’s iLaw) iin iturn igenerates ivarying itime. iIn 

iturn, ithis itime ivarying iMagnetic iField iwill igenerate itime ivarying iElectric iField i(by ithe 

ilaw iof iFaraday) iand ian ielectromagnetic ipropagating ifield iis iformed. iIn ithis iway, ithe 

isubstrate ican iimprove ithe iradiation icapability iof ithe iantenna. I 

The idielectric iconstants iof ithe isubstrates iof ithe itable iabove iare icomparatively 

ihigh, iwhich iindicate ihigh iloss ifor idesigning iantenna iwith ielevated ibenefit. iThe 

iRogers iRT iDuroid i5880 imaterial iwith ia idielectric iconstant iclose ito i2.2 iis 

iselected ifor ithis idesign ibecause ithe ipurpose iof ithis istudy iis ito idesign ia 

imultiband ipatch iantenna. iThen iit iis iappropriate ito ipick ithe imaterial ion ithe 

imicrostrip iline iand ithe ifield. iWe ihave ithree ioptions iin ithis icase: iCopper, iSilver 

ior iGold. The conductivity of silver is higher than that of the other metals. iThe icost iof 

icopper, ihowever, iis ifar imore icomplex iand icheaper ithan ithe iother itwo. iThus, 

icopper iis icommonly iused. iSome icommon idielectric isubstrates iare ilisted iin itable i3.1 

iwith itheir iproperties. 

TABLE i3.1 iLIST iOF iSUBSTRATES i i 

 

 

 

 

 

 

Dielectric iName Dielectric iconstant 

FR4 4.4 

RT iDuroid-6002 2.94 

RO4730 3 

Rogers iRO i3200 3.02 

Rogers iRT iDuroid-5880 2.2 

Rogers iRT iDuroid-5870 2.33 

Foam 1 

TLC-32 4.3 
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 To icalculate ithe iantenna ilength iand iwidth iequations i(3.1 i–3.5) ihave ibeen iused i[45]. 

iiPatch iwidth iis igiven I by, i i 

  i  i  i  i  i  i (3.1) i i 

Where, ic i= iVelocity iof iLight i(3 i× i108
 i𝑚s-1

 i) i i 

Effective idielectric iconstant iis igiven iby, i 

  i i  i  i  i (3.2) i i 

 

Where, i i 

𝜀𝑒𝑓𝑓= iEffective idielectric iconstant, i 

𝜀ri= iDielectric iconstant iof isubstrate, i i 

h i= iHeight iof idielectric isubstrate, i i 

w i= iWidth iof ithe ipatch. i i 

For   ia igiven iresonance ifrequency i𝑓𝑟, ithe ieffective ilength iis igiven iby, 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 i i i i i i i i i i i i i i i i i(3.3) 

The iactual ilength iof ithe ipatch i iis igiven iby, i i 

 𝐿 i= i𝐿𝑒𝑓𝑓 i− i∇𝐿 i i  i  i  i  i (3.4) i i 

Where, i i 

  i i  i  i  i (3.5) i 
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3.8 Basic Antenna Design 

 

Fig 3.2 View of single element antenna 

 

The  ibasic iparameters iof ithe irectangular imicrostrip ipatch iantenna iare idetermined i iin 

iTable iNo i3.2  

TABLE i3.2 iParameters iof iSingle iElement iAntenna I 

Parameter Parameter Value  

Frequency (f)  28 GHz ; 38 GHz  

Substrate height (h)  .508 mm  

Dielectric Constant, €r  2.2   

Patch Length (lp)  9.7 mm  

Patch Width (wp)  9.9 mm  

Ground Thickness(hg)  0.035 mm  

Feed Width (wf)  0.7 mm  

Cut Length (lc)  2.3 mm  

Cut Width (wc)  1.6 mm  
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3.9 Slot Antenna Design  

A dual band u shape slot antenna is designed to meet the purpose of our research, which 

is to design a high gain antenna. A slot antenna is a flexible antenna with asmall slit in 

the ground plane.It has been used in several wireless and radar applications and can be 

fed by waveguide, co planar waveguide (CPW), coaxial, slot line, or microstrip with 

some changes. The slot canal so be cavity-or reflector-backed to prevent back side 

radiation, adding weight and complexity.  

The proposed antenna was designed on a Rogers RT5880 substrate with a dielectric 

constant of 2.2, and loss tangent of 0.0009. The top surface of the radiating patch 

consists of two U slots.  We cut our two U-shaped slots on either end of the antenna 

patch. One is on the far right side of the patch and the other is on the left side of the 

patch, which has feed in the middle. Two slots over the radiating patch have been 

adapted to resonate with the antenna at frequencies 28 & 38 GHz.  

 

Figure 3.3 Slot Antenna Design 

 

Table 3.3 Two slots parameter 

 

 

 

 

 

 

Parameter  Parameter Value 

Frequency 28 & 38 GHz  

Slot Length (ls) 5.90 mm 

Slot Width(ws) (1) 1.60 mm 

Slot Width(ws) (2) .65 mm 
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CHAPTER i4 

Simulations iand iResult iAnalysis i i 

This isection iis ipresents iand ianalyzes ithe iresults iattained iafter isimulating ithe idesigned 

antenna . 

4.1 iSimulation iResults iof iSingle iElement iAntenna i  i i 

 iReturn iLoss iGraph i i i 

The ireturn iloss ior iS11 iparameter iis ithe imost iimportant ithings ito itest ian iantenna’s ioutput. 

iReturn iloss igives iimportant inews irelated ithe ireflected ienergy iof ian iantenna. iFrom ithe 

igraph iof iS11 iparameter ivs ifrequency iwe ican ieasily ifind iout ithe ioperating ifrequency iand 

ibandwidth. iThe iparameter ivalue iof iS11 iwas idecreased ithe ihigher ithe iantenna’s 

iresonance. iThere iare itwo ifrequency iband iare ishown iin ibelow. iOne iis ilower ifrequency 

iband iand iother iis ihigher ifrequency iband. iIn ifigure i4.1 iis ishown ithe iS11 iparameter iof 

ilower iand ihigher ifrequency ibands iwhich ioperates iat i28 iAnd i38 iGHz. iFrom ithis igraph iit 

iis iseen ithat ithe iresonance ifrequency iare i28 iGHz iand i38 iGHz. iThe ireturn iloss ivalue iare 

iabout i-23.79 idB iand i-41.76 idB. i 

 

 

 i i i i i iFigure i4.1 iEquation-based isingle ielement iantenna ireturn iloss iplot ifor i28 i& i38 iGHz i i 
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Voltage iStanding iWave iRatio i(VSWR) i i 

Another iparameter iis iVSWR iwhich iis iplaying ia ivital irule ibecause iit’s iactually idetermines 

ithe iantenna’s iimpedance imatching. iIt iis ia ifunction iof iimpedance imatching iloads ito ithe 

icharacteristic iimpedance iof ia itransmission iline. Discriminations iin iimpedance iparaph ito ia 

istanding iwave ialong ithe itransmission iline iand iVSWR iis idefined ias ithe iratio iof ithe ipartial 

istanding iwave iamplitude ito ithe iamplitude iof ia inode ialong ithe iline. iThe idefault ivalue ifor 

iVSWR iis i1 ito i2. iFrom ithe igraph iof ithe isingle ielement iantenna ibelow i ishows ithat ithe 

iVSWR ivalue iis iwithin ithe iusual iworking ifrequency irange i1 ito i1.5. i 

 

 

Figure i4.2 iVSWR iplot iof iequations ibased isingle ielement iantenna ifor i28 iand i38 iGHz i 

2D iRadiation iPattern i i i 

The iterm iof iradiation ipattern iis idefined ito ithe idirectional idependence ion ithe iantenna iradio 

iwave iintensity ifor ithis ifield. iSingle ielement iantenna i2D iradiation ipattern iwhich ia igood 

iradiation ipattern iand ia ilimited ibeam iwidth ifor ithe iantenna ibeing ibuilt. iThe ipattern iof 

iradiation imicrostrip ipatch iantenna iis ihalf icircular iand iwe isee ithat iour iradiation ipattern iis 

iperfectly imatch ithe istandard iwhich iis inearly ihalf icircular. i i 
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Figure 4.3 Single element antenna 2D radiation pattern for 28 GHz 

 

Figure 4.4 Single element antenna 2D radiation pattern for 38 GHz 
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3D Radiation Pattern: 

 

An antenna which radiates energy in the surrounding space by the using of a 3D 

radiation pattern which show a 3-dimensional view. 3D Radiation pattern is known as 

the far-field which generally measured at a enough distance from the antenna. Simply, it 

is the energy radiated in a specific direction with mention to an isotropic antenna (a 

theoretical antenna that radiates equally in all the directions). It should be good antenna 

just like a 2D radiation pattern. Which operate the frequency range for its 3D radiation 

pattern. For a certain direction it’s very easy to observe delivered the energy from 3D 

radiation pattern. 3D radiation pattern is shown below  at 28 GHz and 38 GHz.  

 

 

 

Figure 4.5 Single Element Antenna 3D Radiation Pattern at 28 GHz  
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Figure 4.6 Single Element Antenna 3D Radiation Pattern at 38 GHz  

Antenna Efficiency    

Antenna efficiency is defined as the ratio of the aperture effective area to its actual 

physical size.The antenna efficiency graph of an antenna is shown below. 

              

Figure 4.7 Antenna efficiency of single element antenna for 28 GHz 
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Figure 4.8 Antenna efficiency of single element antenna for 38 GHz 

 

Generally, antenna effectiveness is defined between the relationship of the effective 

aperture area and its actual physical area. The physical aperture area usually denoted by 

the percentage which defines the radio frequency (RF). Normally antenna performance 

of the standard value is 70%. Above figure 4.7 and 4.8 demonstrate that antenna 

efficiency is  75%   percent for  28GHz  and  84%  for 38 GHz.  

 

Radiation Efficiency 

The proportion of the radiated energy of the antenna which is defined by the radiation 

efficiency. To the free space to the electrical energy received by the antenna from the 

feed line. The standard level of radiation efficiency is 70%. From the figure 4.7 and 4.8 

above seen that the radiation efficiency is 78%  for 28 GHz and 88%  for  38 GHz.  
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4.2 Final Design Result of Single Element    

In table 4.1, the single element antenna full simulation results were displayed. This 

antenna design shows good loss of return value through entire 28 GHz and 38 GHz 

band. In comparison, the antenna’s VSWR is below than 1.5. And gain also quite 

compared to the recent models of an antenna. Also this antenna directivity is almost 

10.34 dBi and 10.48 dBi that is shows better directional performance. Gain 9.12 dBi at 

28 GHz and 9.77 dBi at 38 GHz which are obtained by single element slot antenna. The 

antenna efficiency and radiation efficiency of this single component antenna reaches 75 

and 84 percent throughout the whole band.  

 

TABLE 4.1 Complete Simulation Result of Antenna Single Element 

    

4.3 Comparison with existing single element antennas  

In the table below the designed slot antenna's performances are compared with the other 

recent designed slot antennas by several researchers. From those comparison results 

views it can be seen that the mentioned antenna designed by the three elected parameters 

contented the 5G requirements better than the previous work.   

Parameters Value Standard [10] 

Resonate Frequency    28 GHz ; 38 GHz As per need 

Bandwidth  700 MHz ; 950 MHz As per need 

Return loss (S11)    -23.79 dB ; -41.76 dB less than -10 dB 

VSWR  1.1  ; 1.01 2 – 1 

Gain  9.12 dBi  ; 9.77 dBi 6-9 dBi 

Directivity  10.34 dBi ; 10.48 dBi 5-8 dBi 

Antenna Efficiency    75% ; 84% 70% 

Radiation Efficiency  78% ; 88% 70% 
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TABLE 4.2 Comparison with The Single Feature Antennas  

Antenna 

ref 

Frequency 

(GHz) 

Return loss 

(dB) 

 

Gain  

(dBi) 

Bandwidth 

 

VSWR Efficiency 

[1] 28 

38 

-40 

-18 

3.75 

5.06 

3.34 GHz 

1.39 GHz 

-- -- 

[2] 28 

38 

-19.3 

-18.7 

7.02 

5.05 

900 MHz 

480 MHz 

1.24 

1.26 

85% 

71% 

[3] 28 

38 

-23.81 

-17.09 

8.05 

8.28 

921 MHz 

1.045 GHz 

1.13 

1.32 

-- 

[4] 28 

38 

-23.6 

-27.1 

5.41 

4.89 

1.49 GHz 

1.01 GHz 

1.14 

1.09 

90% 

84% 

[5] 28 

38 

-30 

-22 

6 

4 

1.02 GHz 

3.49 GHz 

-- -- 

[6] 28 

38 

-21.57 

-24.59 

7.95 

8.27 

-- -- 89% 

88% 

[7] 38 -24.35 3.23 1.02 GHz -- -- 

[8] 28 

38 

-36 

-39 

1.27 

1.83 

2.55 GHz 

2.1 GHz 

-- 78% 

76% 

This 

Work 

28 

38 

-23.79 

-41.76 

9.12 

9.77 

700 MHz 

950 MHz 

1.1 

1.01 

75% 

84% 
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4.4 Result Analysis  

The single element antenna full simulation results were displayed. This antenna design 

shows good loss of return value through entire 28 GHz and 38 GHz band. In 

comparison, the antenna’s VSWR is below than 1.5. And our two frequency bandwidth 

is 700 MHz and 950 MHz.And gain also quite compared to the recent models of an 

antenna. Also this antenna directivity is almost 10.34 dBi and 10.48 dBi that is shows 

better directional performance. Gain 9.12 dBi at 28 GHz and 9.77 dBi at 38 GHz which 

are obtained by single element slot antenna. The antenna efficiency and radiation 

efficiency of this single component antenna reaches 75 and 84 percent throughout the 

whole band. All the papers we compared with did not give all the related values. But we 

have given the results of all the parameters of the antenna. Analyzing our results shows 

that our gain and return loss are much higher than the results of the papers we are 

comparing with our predecessors. Our efficiency is in the average value.. So by 

analyzing above discussion we can say our antenna is ahead in terms of gain and return 

loss compared to other papers. 
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Chapter 5 

Conclusion 

In response to the rising need for fast and reliable mobile communication devices, a 

rectangular slotted microstrip patch antenna was developed for high-band 5G 

applications. The main goal of our research was to enhance the antenna gain along with 

other radiation characteristics. The proposed antenna was intentionally designed with a 

single patch for simplicity and aimed to resonate the antenna at the 28 and 38GHz 5G 

frequency bands simultaneously.  

 

Achievments 

This antenna is designed and simulated successfully with 50 ohm probe feed for a dual 

band patch antenna. The proposed antenna operate below -10dB return loss with the 

frequency at 28 GHz and 38 GHz. For the whole frequency band the VSWR of the 

simulated never less than 1 which maintain the standard value between 1 and 2. As 

declared by the Commission of Federal Communications (FCC) the whole band of 28 

GHz which completely covers of the antenna bandwidth is around 700 MHz. Recently 

there are some high gain slot antennas are designed. But some of them do not cover the 

FCC and some of them are heavy size of mobile phone. So the proposed antenna, it will 

be used by the powerful candidate in future 5G mobile phones.  

Limitations    

The suggested antenna lacks beam steering capabilities. This would increase its 

effectiveness when used with a mobile phone. 

 

Future Work Field    

It is useful to add beam steering facility to improve the antenna coverage angle. In future 

we can improve our results by doing array antenna. 
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