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LOSS, GRAPHENE

MR. PHONGCHIT PHONKITIPHAN : DESIGN AND ANALYSIS THE MICROSTRIP
ANTENNA FOR 2.4 GHZ USING GRAPHENE MATERIAL THESIS ADVISOR : DR. PHAMORN
SILAPAN

In this paper, the design process of an annular ring microstrip antenna using

graphene material for 2.4 GHz bands and can be improved to dual-band applications.
It can operate in the range of frequencies 2.4 GHz 5.3 GHz. By using the short-pin
technique to switch between those frequencies. Including using as a dual-band
antenna. The microstrip antenna is modified using graphene-based annular ring
microstrip layers for patch and ground plane with FR-4 epoxy substrate in between.

The simulation considers the return loss, directional radiation pattern, and bandwidth.

The result by the EMCoS software shows that the antenna for 2.4 GHz. has
an operating range of frequency covers 1.6 GHz to 2.83 GHz with the minimum return
loss of -54.07 dB. And the antenna for dual-bands, It can operate in the range of
frequencies from 2.02 to 2.74 GHz and 5.02 to 5.4 GHz with the minimum return loss
of -29.33 dB and -39.49 dB respectively. Which is potentially feasible for various
applications such as mobile phone, Bluetooth, and radar in wireless communication
devices with the profit of ligsht-weight, easy-design, low-cost and compact size

(40-millimeter square)
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Neauvesminisun dnasudntwiiia warauaudfiiianana anviedadnluimundy

aweIMAanfivuinngiasale [16-20] 3saguladn niseenwuuaeanAlulasansualsly

[y

= @ a A wa o Aa = o A < =
annsfunsnziniannsuliquandflunisdiluivg flassadanelufinduse dan

ganguge viliAnn1sinevesatgeinialaein dumdniiun wazdaunsawmunli

o v o ] saaa v

agenAivwIafianas TAnisagdedoundu wasAuuInansneae

%

PNwRKaT lina1u1d1eiu §33eddldvinisvauiaiseinialulasansuld

¥ '
= ¥ v a

SEANSAMABIYU AeliANsanidudounduiinn LagAuuumiInYniely FeInetdnusil

=

e oot iauenisaieasenialulasandugunsasumusnnszvinialngld
Samnafuiteldanulugiunnud 2.4 GHz wazmsdsundasmessueuiazgnuiuasu
TdAmsimesaeg #du TnednsuSuvdsumundssuinnu fnsldnaia
1872995 (Short-pin technique) i aidauniousuanuifiunzanuszneufuldlusunsy

(EMCoS software) Tun1598nwUUBaLI1anInIsvinau



1.2 InUseaeAvaInIsIvY

1.2.1 iesenuuuaweindlulasansuiifawindnnsziinsa Tuguanud 2.4 GHz
InglTannsu

1.2.2 ilevhnsnageulagldlusunsy EMCoS software shassasanialulasansy

fiAud 2.4 GHz

1.3 YAULUAVBINITINY
1.3.1 Anwlassaiednuazvesaigoinialulasansusunsaawmuialdau
Tugumugd 2.4 GHz waswaudualgeiniadnsuassuaug 2.4 GHz 1ags.3 GHz

= a a

1.3.2 M FannsflulunisvihapeinialulasassUiisadsaneeiniandiussdns am

o

¥99AN138 LA BT OUNGU (Return loss) A18MI1dUAR Ul e (SWR) wavA1uuud3nei
(Bandwidth)

1.3.3 Asgayidedoundu fearindt <10 dB eglunasiinnsgiu

1.3.4 Admsndrunauils (SWR) anansasexsulslasalsiiu 2

1.3.5 ABUUAIANYS BMAUNINAIILDNIS IIUABALANLINTY

1.4 Uselewilvanside

1.4.1 laasiegeimidlulasaniUlnelddanyidansifugunsaisuniuauin
40x40 m19fiadns dnulugmenud 2.4 6Hz Tngldinadia short-pin

1.4.2 |fa$eargorniai idudouagainuanisnaasstaziilulszgndlday
yasnusTUUdoans

1.4.3 ansathlaseafrevesaisennialilasansusunssnsumuiviiomaia

18029958 T duangeiniadnsuansgtuanud (Dual-band) 19



UNi 2

nufuazauIdenineIdes

uAteilfunsfinwdusiifentu mssenuuuaeenalilasansusunsaaum
Tneldwada (Short-pin) Tnevheulugiuaud 2.4 GHz wagdluwmunluduaosgu
AR 2.4 GHz Uag 5.3 GHz ﬁqai"nﬂuéfaﬁﬂwmqwﬁL.Lawé’ﬂmsﬁugmﬁ’mum8@’1mﬁ
lulasansu unilazeSuienguiiisstemesaeeinialilasansuuazissaunssuiiiotos
daoludl

2.1 ANUMINEYBIANEBINIAYIBLETRINA (Antenna)

2.2 fulsiifinansynuiuagoinae

2.3 MIHNAINUBBIENEDINIA (Pattern)

2.4 lassavadulasansvuaslassainvedulasansugunsasuny

2.5 myoenuuululasaniuiunssnuniy

2.6 UITENNYITD4

2.1 ANUKRNYVBIEURINIA

aa

a1we1n1AfegUnSaldmMTusUdsRauAIUNINg (Radio frequency) inninilludey

<

was Ul duaaundmaniai wazlunandudufiuasuaduisiman Wi ndundsau

Iifwguiy 1Wugunsalnlddmdsnulugduuuaduiimaniiiiranuvasiddoyaludm

Y

v £ £ ) Y & A a ! =~ 1 k4 | v
151EJ\‘]ﬂ'ﬁﬁUEJ;IU@IG’IEJI“UE“H‘EJ@"Iﬂ’]ﬂLUUG]’Jﬂa'N NIBNEITNIN ﬂ'ﬁL‘U@llGlE]LL‘UUIiﬁ’]EJ mﬁmmﬂmm

MseudeNlSanstandusosdiareainiaildauane

2.2 AanUsniinansznunuagainid

v & ¢ a ~ aa o w = = Y v &
ar]fJ@']ﬂ']ﬂ"ﬂ@LUUQUﬂim%u@%uqmmﬂquaqﬂmmqﬂIULWﬁIUIaﬂﬂqiﬁ@ﬁqﬁliaqEJ MUY

TunsenuuuiinassatgoInietuIss i unazdesinlniuss ansanwlunissu-dedean

T o

[y 1 a [

TilaafiandadesadebsdadeniinasoUss@vsnmvesaisoinia Feiinadl
2.2.1 ABNTIAIUARUTS
A19MIIEIUAAUTY (SWR: Standing Wave Ratio) 138 VSWR (Voltage Standing

a a =

Wave Ratio) gnltlunisnsiadeuitaiseiniailldey uszdnsnmiiedla lnedudnsdu



sEnINAEIEaLazA1RNantlusnTdIuAauls naNAegnTdIUTEnINMAdiignassanly

o o 1 a

Romasdengnagounauin fadl

= M _1#T]

SWR= (2-1)
M 1111

min

o

oo T Ao duUsEaAnNSYRINISaTNoU

mx By AU YIBLTIRULLIANAGIAAIINAILBINA

Vi #e pduiieiud wiousssulniiasoundu

1YANNINIFIUYRIBATIE AT ULNILREN 1.1:1 — 1.5:1 nsdlsianlinlsiiu
2:1 walundnanuduassansainialdaiuisadaneniugmn AU LTuls 3edasldan

= ° ° al v P P -y aal P a a
A9nans kazinumuIaie EIusald nulanaennagiuanudNagldau Tnedt SWR fan

a

Ju 1.1:1 awenieveiissdnsaimgean

o A

2.2.2 AMsadeiiieaainnisdaunau

a ¥ v

ANTTaLAEgauNaY (Return loss + RL) %138 Sy, Ao Avasdysy asludui

o
[

dxNounaulilofinsasdyaianiIuszuufsn1sirgigainaldiinsae Neunauvesdyaiu

(TR

?Eqﬁaﬂ@ﬁﬁuﬂﬁzamémaqﬂﬂiazﬁau IF|=0w3e [T}=-10 dB

RL =-10log i (2-2)
R
P=P+P, (2-3)
Tagfl  RL Ae. aAnsgadeiiesannisdoundu
P fo mdsuvesduanafiassioundu
P fo Mdnuvesdyaaitasiiaundy
P fo mdsuvesdugaifiasvioundu

A1N1Tg i udoundu (Return loss) InulefiiTonianizAe dB 448167

a 14 v A

nsgadedounduiuinasuanaindinisasioundules lnsanzddaduszuvdeans
aunden aglirnudidyiuatiuinlaednazdesnisainisgydedoundugas wenay
WHUTIVOIF Y Y IUN ALV OUNAU FIA1AINENITN 2AINADINITAANDOUVDIT QY 10UA 8

= A o v [y v Y [ YY) A [y <
Wesannileduaziounduluindeiudygrundsndygrunazanouasiy



2.2.3 LUUMIAN

LUUAINY (Bandwidth) A 929n1eluveeniud FeUseansanangennieay

[y wa

FutuauaLTR T RN IZAIUNTAUDNEATN @N891NANES 19V UAINNTnSISUNITITUle

q

lugaemnudlannuivuudian deladndussezviisvesauiiadwasai Geeguuniud
6 QIJ v d‘ v v Ya o = v U
Audnardlaeiluualussuuioansiiany deswanuuuaigomealiilainnugadedoundu
79171 -10 dB Tut19989ANURUUAINYINIFBINNS Wianga1nelgaule
ANA LUUAIAYTvRsaIgRINIAaINYsakandlugUve MU I duy Tl
(Absolute bandwidth: ABW) 58 wuusInvigee (Fractional bandwidth: FBW) A28

ANudvauLY (f) wazanuiveuas (f) iusiuansweauivniisausulivasagoinaLuus

091 A1 ABW gninualuguredanadnifi1eneia i ive ukuLaInvivicaesdne A FBW gn

a

° Y} a i a o 1y} ¢ ::4' =
MnuatuanUEIRINLANAYIATRTTIBUAUANLAgUENaIT AuaunsN (2-4) 83 (2-6)

ABW = f, ~f, (2-0)
FBw < 2. T (2-5)
f, +f,

ANSUF18D1INIAUBSALULS (Broadband Antennas) WUUAIANENUITOLERS
aglusUdndiuresvauiiaettne Nasydninmeesaueinaausaseusula auauns

7l (2-6)

fH

H (2-6)
fi

BW =

2.3 ATWHWENUYBIEEDINA

sUMUUMSIEN s A JUA AL suansnuanTRYD s TusNE 191U
laddulufitansanay dilnsdnivgudrguuuunsuindnuiinaedalunuiduau
szeylng nsesuneAmuanTRvasnunNdIuITe A RMANT R Feluiife Ay
VBINTUHNGIITY ﬂmauﬁ’améwﬁ%ﬁﬁaLLamagﬂﬁuaawé'aqwuiﬁLﬂuﬂﬁ%’mawﬁ’wLmﬂqamﬁaﬁ

dunauileosmilasguuuunisusnganull 4 suwuudisll



2.3.1 lelglnsta (Isotropic)
g A nauyAvy lasliaaauUaniswanganwvindulunnianis
BNFIDEIYY UNaTI8kUUA (Point source) Wuaganakuuniaflianunsoainslaess

widnagliidudnussuisuivaieeiniaasuienunisuanInuaudf Lansiian1aves

d1ganNIA

Ul 1 musingaaunuulelelnsda [https:/is.gd/ABPLOP]

£
aa

2.3.2 a9FN19 (Directional)

a I

3 = wa A o a @ ¥
Wuansoiniadaiiguaudfvesnisdmioiuaaunimanlailaalufianied

ANUAAINITAANT L 2NN TN ULALNANIWEIDINIALUUSDUUS Y WedTaldefa aluae

4

£

Tuianenisunnszaeveseduazlianusasudyanallies Jovesaioniawuuinieould
fulsun l@1eInIALUULE ALADS (Sector Antenna) L@N8an1ALUUBNA (Yagi Antenna)
A189INAKUUNTA (Grid antenna) @1881NIAKUVIIY (Solid Dish Antenna) 991310818984

awenAwuuilegludnsnueny (Gain) Mg

Minor lobes

Main Lobe

Side lobe

Back lobe Null

(%
a

U 2 LUUMSURNESULUUTTAAMA [https:/is.gd/edXUCL]



2.3.3 YapsdiAnng (Bi-directional)
) = a va ! A v d{' 1 13 2/ a
Jumeenmaddlnuaudivesnisdmsesunduwlvdnliilaaluassiionig
ANMuAfe A1UNTY Lagaunas wiliveideds dilueglufienianis winsznevesniiy

agliaunsasudugalaiag

U 3 nsusmdssuLUUTaBaTianns (http://wow.in.th/7rez]

2.3.4 NMSUWHNEINULUUTBUTANIS (Omni Directional)
JunsdifitawyesdeeIn1awuudiieny Jsmeeiniaussnnidnanianis
WHINI¥LARUTOUNANIN 360 a3 wnzdmsuliandanuniesgnitefindeulmeylu

AwnUkas ANl uuau

SUM 4 wUUMSUHNE s ULUUSEUTIRTNS [https:/is.gd/YFaXAT]



2.4 laseas1evaslulasansy (Microstrip)
YagUuargenialulasansuiduangoiniaf denldiuegraunsvaralaeanis
Tuguaudlulasnn Wesnndauaudiiu Ao dmdnun ldiuitesiianyashuusu

= o a o a o & a i [V .
"?NL‘VISJ']%ﬂUﬂ’]iG]@GNV]LLUU?’W‘UI‘Uﬂ‘U‘WHNQ ﬁ’m'1iéﬂfﬁi'mﬂuﬂU’N‘Uii’miﬂJIﬂiL'ﬂW (Microwave

'
A o <X a Y

integrated circuit : MICs) ¥i1auld 2 84 3 audnseuduianuudauss Wevandadaiu

PR Yliesean1seanwuU kazas1sdmsuatganalulasansutullagneiunalasin

Y

a

Tuusazviinazdyuuuuuasauandiunnastusenly dufulunisoonuuuniadenld
angonasiialnazdesaiafsanmnzanlunisthluldeu

angonalulasan3yu (Microstrip Antenna) Usznaulusasdiudiviuununiediis
Fendunnd (Patch) Fadudailagialuazilldvarogunsatu Smdsuyuain asmaes

2anau 2w 1Jusy FgnuenaenanAumiewuIEIuN IR ANIU LA Ta N

Jutuvseisoninduiansn (Substrate) vesansladidinnin daandluzui 5 uag 6

O ©

Square Dipole Circular Annular-ring
Rectangular Elliptical Triangle

a s v 1
E‘U‘Vl 5 UANYLUUANHIUEHNE
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Patch
Microstrip Feed
/X /
= /f
Ground Plan Substrate

5UN 6 lassadeangenmeanuululasansy

e N
OO\ S/
- . — -
77 =~
[ ] W
H | | ,I ,-' "E"T
| 1 i
vv_ Y v | v

U 7 nszualwiwazdunizidunssliihiAnduuuunms (https:/is.gd/1tdNxb]

SUN 7 wananszualniuasidunswwesaudliinisluwasusnaseuunnd lag
Unfaunulniiusiiuveureawnndignaeigae i day a1 0uas A Un SNV UT KA

AeAMANURNITLANTEINYARUVBIEEDINA
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2.5 n1seantuululasansy

Wp

r 3
v

3
v

Ws

5T 8- mwonmelalasansugunssdivaeuiug

o dll a d‘ d‘ A ¥ a1 a 6 1
ﬂ’]iﬂ’]u%mL‘W@@@ﬂLL‘U‘UEﬂ’]Hﬂqﬂﬂﬂiuiﬂiﬁ@iﬂgﬂﬂiﬂﬁLM@EJ&IN“LJN'W UATNITIULADIANE)

nN3UN 8 azanunsadalafaunisaaluil [16-25]

= 1 Ly a a
- g, A AAsladliannin
-h fe enunuvesgIuIesiEn
¢ A enuduaeiian 3x108 m/s

- f Ae  ANUDNNANg

TAYANUNANIYDILNNS (W,) waw AUENVDILNNG ( L,) au15avlaanaunisi

(2-7) way (2-8)
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W 1)
2f g +1
2
L, =L —2AL (2-8)

TnefiA1ANeIUsEaNsNe (L, ) wazAiaueauvens (AL) awsanilaain

AU (2-9) way (2-10)

c
= (2-9)
& 21 Jeq
w
(&4 +0.3)(->+0.264)
AL =0.412h i (2-10)
(0 ~0-269)(17 +08)
AT meaLdTmEUTEANSHA (£ ) annsamifanaunisi (2-11)
1
e+l g -1 h .2
r r- [
AT g (2-11)

p

ANAINUNINNVBITLUIUNTIN (Wg) LALANAINENIVDITEUIUNTIIN ( Lg ) @1U1509

I@naNnTTT (2-12) way (2-13)
W, = 6h +W, (2-12)

L, =6h+L, (2-13)
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JUN 9 niseenuwuuagenIAlilasansusunswmiu

TudinvainsAmuaniiioranwuuagonalilasansUsunsnaumu IAmnsiives

#1499 9I03UT 9 ansnsaraldRiENnIsT (2-19) wag (2-15)

-f. fAe - Anudnenanl

Ay AR AlewmIzlzsdntunisyinaululuieves TM, dauiidu 3.2825
= 1 9 a a

-5, | Fe . Apsladlannsn

-t AE - ANUNUIUBNFIUTOIIAR

Tnevuinawiusaulu (a) kasauInawnIusauuen (b) auisarlaainaunisi

(2-14) uag (2-15)

a_3x108x121+§

- 27rfr\/Z 4

(2-14)

b=2a (2-15)
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2.6 uIReTAE e
MnmsFuanASeiiieestunmsesnuuuaeemanunSeiised
2.6.1 9uATevas T. S. Thillai waz T. R. G. Babu 1384 Rectangular Microstrip
Patch Antenna at ISM Band [4]
WV 2018 1WunsiLEusn1500ALUY N531889 NMTIWAILT LagAITIAA1YDY
awomalulasaniusunsedinasulasldianmnosunsdmsugiuaiiud 1SM band Tag
AnwnguAuAseEning 2.4 - 2.5 GHz IﬂEJmiEJEJﬂLLUULLa3ﬂﬁiﬁﬂaaﬂﬁgﬂﬁﬂiﬂﬂiﬂﬂmiﬂ

(Advanced Design System software : ADS) Faflawn 46.2 x 37.773 as1edadiuns

SUN 10 uniiuasmundsvedangeiniengnussiuguy (4]

MsadisEnse AL AIAIURLITBITUARS YT 1.6 Tadwnsuaviiailndianssn
vosTand 4.6 lngAunauaz AL MwnToLil 36.6 tay 28.173 fadwasmudiiu
YUNAVDIAIBDINIARNNTIE 2.9 TaBWIAS LaTAITLET 4630 Taduns F9n1SKadNITILe
i melalaefidnsgayidedeunduil -42.29 dB Adnsdmaduiled 1.52 Fsamnsn
Ul lunennaiadugy Bluetooth WLAN Wudu Taseuidedanunsasnluimudu

awenatuguaudala awemalunuiseiduuieinseiada uddadauuaing

uaveglnedAuszunm 8.33%

2.6.2 91439889 V. Asokan, S. Thilagam waz K. V. Kumar 509 Design and
Analysis of Microstrip Patch Antenna for 2.4GHz ISM Band and WLAN Application [6]
¥ 2015 Wumsthawomalulasaniulaelifagmosundildanluaiud

2.4 GHz FaeonuiwuuLiieauisalddmnsu 1ISM band waz WLAN application afivun

76.8 x 57.8 mifmﬁaalmsﬁqgﬂﬁ 11
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76.8 mm

39.4 mm

57.8 mm 28.9 mm

9.25 mm ’_| |_’
v
1m

A

k.
> <
3

23.7 mm

m

JUN 11 meenelulasansunsedvaey (6]

NM50DNLUVATEBINIAT AZUILAY FR-A AU AINUNUT 1.6 TadLunsian
ladiapn3nveeian 4.4 gniunld arundtwestlulasansuladimualid 3.1 dadwns
FANUAUNIY 50 1oL AAUALAAIIUNINUDIRNTITLAZ AINYIVBILNNTT 39.4 Tadiuns

2
v A

war 28.9 fadwns laun1sesniuuanyuzatagviliase N AlilAnsagdedaundu

i -23 dB usegalsimuatzenidluuidedasisuinaeud9lvg wagAMUUAIAN

AUTLAUBETIUTEIM 80 MHZ

2.6.3 91U338Y04 S. Sharma waz D. Sombanshi 1584 Annular-ring slotted
microstrip patch antenna for ISM band applications [23]
¥ 2015 Tufinsuaueniseonuuunazaswagenalulasansulaenisiaig
yosunndgunsnsumlastiluldanulugiu Ism Fsanmsathluldlstuuenmdnduleun
ZigBee WIMAX uagBluetooth I@EJmiﬁﬁLaua‘ﬁgﬂaaﬂLLUUlé’Qﬂa%ﬁaLLawmaauﬁshummﬁ
2.4 GHz Tnefigeanudfl 2.26 GHz - 2.58 GHz
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Fudue Tu ISM band umagsls

2.6.4 91U39VD9 A. Sarma K. Sarmah uaz K. K. Sarma 1384 Low return loss
slotted rectangular microstrip patch antenna at 2.4 GHz [24]
Tuunauilaiaueniseanwuvatganialulasaniusunsed vt eud

o Y

annsaldaulugiuanud 2.4 GHz Tnemunzdmiunisldaud fsnsnisdadeyags
Tnsanseniafisenuuuiniuiinstevlilasasuflinfiduuin 7.64 x 14.89 ms1efiadiuns
ImamammﬂﬁgﬂaaﬂLLuwuﬁuﬁaﬁﬁan% FR-4 fifleasiiladiannidn 4.4 Tneeanuuuway
Paedlulusunsu (High Frequency Structural simulator Software : HFSS) lngaunaaiuning

wazevesangeInNAlulasansy 62.04 ladluns uay 52.316 Tadwns audwunsgun 13
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A
\ 4

A
A 4

JUN 13 angomielulasarsusunsedivae

nseenuuuildmalvangainialidinisgeydudeunduiireudiannegi -40 dB
fiAndnsdumauils Ludegnslshnuasenialldiansianoawn uazddlvuiniinoudns

Tug) Tnedauusiniuszana 160 MHz

2.6.5 7UARBU4 B. S. Yan L. Wang Z. Q. Luo D. M. Deng uaz L. Y. Feng i394
Dual-band Microstrip Antenna Fed by Coaxial Probe [3]
TuunanuilfeniseenuuusazaivasorndlulasaniUsosudosg uaud
\ileneuausinudasn1sresszuulsane Imaawmmﬁlﬂmam%ﬂﬁgﬂﬂau Coxial probe
feed (Insulawanileoa) 50 loviu lnaniseanwuuazldmaidanis slot (@den) wavinadea

N5AY1NATAIUN 14 wae 15
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A A
X
L2
< > A 4
A
Lo Centre
L3
R L1 R
\ 4
»W Feed
\ 4
«< Wo >
gﬂﬁ 14 yueIn Nt vea@I8eIne
Patch SubStrate
Short— |___Short
Ground Coxial probe feed

d‘ ¥ ¥
E‘U‘VI 15 HHUBIMUTNUBIAIYBINFA

HAN3INABILAZHANTIATOIAIEINIAAINNTOVNULARTIAIND 2.45 GHz
lngdAn1saadedaundu -16.33 dB dmsulaundindy WLAN wag 5.25 GHz lagilan
n1saqdedaundu -12.66 dB dmsukaundiadu WiMax §eangeinialuaudsednlea

I Yo a a o Y ! a v a
sonuuufeltianuiianens lngimallalunsvhaeenalidugesduanudneldinaia

YIANIDT
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2.6.6 D. Kanchan M. Katore M. B. Kadu R. P. Labade wa¢ S. S. Dongare L'%'a\i
2.4/5.2 GHz Dual Band Rectangular Microstrip Antenna with Orthogonal
Polarization for Bluetooth and WLAN Applications [7]

UNAINT UILAUBNITDNLULLAZT TAININITUBIABITEULAEDINIA
lulasansulaeldianneauns IneiaTasnizeeniuululasansusunsedmasud v

Ugys wenndatudalugun 16

J Wsub -
A
F
Wp
Lsub Lp
d
—> «—Ws ILf
Y [ ]

JUN 16 argonalulasansudmsugiuaunifien

ngunseentvuasanalalasansulaefideinnunineveaunmd (W)
27.4 Ta8LUAT ANAINYIIVEILANT 36.1 HadLUAT AIAIUAT VBT UALATN (W)
50.1 §a8LUnT ANAINYIVITUELATN (Lyy,) 58.6 Aadlung AsoenuUUTHasnsilade
fiAnsgaydedounduil -45 dB finwiA 2.44 GHz Mé’amﬂﬁ?uwgﬂﬁmmaqL’fluawmmﬂ

lulasan3unuvaesguaudaslugun 17
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B Wsub -
A
« >
wp A
Lp
Lsub
d
'1_" L
Wi I
—> L
L [ ]

JUN 17 angenmalulasansudmsuaesguainud

1ngunsesniuvasendlulasansulagdidaranuninweunnd (W,)
28.7 4a8LUAT ANANYIIVOIUNNT 12 HaGIUNT ANAIINAT19VBITUALATN (W,,p)
36.7 TaAWAS ANANLENIVBY FUANTN (L) 24.7 fadtns nseonuuudnua gyl
Ansgydedoundudl 24 dB fieufl 2.4 GHz amnseviiulugue iR 2.41 GHz
89 2.47 GHz wazaAnIsandedoundy 27 dBft 5.25 GHz attnsavienlugtuarudsaud

5.05 GHz 014 5:45-GHz #e5895uUluMTMTUEWUaNs Way WLAN uannaiad

2.6.7 B. H. Gan L. Zhou Y.P. Zhang H. H. Zhou a2 J. F. Mao 309 Design of

a Dual-Band Microstrip. Antenna Using Slotted Annular-Ring and Concentric Disk
[25]

me']mfﬁ'n,auamiaaﬂLL‘U‘Uﬂ']EJmmﬂluiﬂsam%gﬂmmaLLmuﬁ”m%’Uaaa

grumuilagldimaiaunuianinautie Tneniseonuuuiasdudunislulnunwes T™y,

Fadugruaude (f,) sazuiuiaianauaululvuaves TM,, GTfQLi‘jJusuaﬂshumm?{qq

(f.,) Ineniiaosadongunsdmdeugnldiiieldnuuuiinnfinudalugui 18
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-

TJ\ -

— N

Substrate t

| | | *__ 413mm-SMA

Ground plane connector

(b)
JUT 19 (a) senuuuagainalulasansluuidesosadoniilufiila, (b) yuuesinudrmion

v A

ngUAanInausall (a) 7.88 Aadwuns vwinuiuseulu (b) 27.7 fadwns
YUINIAIIUTOVYDN. () 57.4 Hadn nafildainnisdiaosie G1unnudieand 2.45 GHz
Tnefiensgaydedounduil -20 dB wazeumuiged 5.3 GHz Taeifldnsgayidedeundy
-12.823 dB wazflevnsinatasarldingwanuisnazeyil 2.479 Tnefiansgade

a v U

foundu -17.5 dB wavduAIMAGI5.283GHz TaniiAnsasdedeundy -20.96 dB

2.6.8 X. Zhang uag L. Zhu 15 09 An impedance-agile microstrip patch
antenna with loading of a shorting pin [11]
unAnuiiauanisesnuuuasanalulasanslngldinadnnndnases Tned
mualangargninluanglianunnddsszuiunsn feduasiliaunulaiignsuniuds
wasoAMuF U uNe Taeillonnsiumi ey aldimnzanazdisausausulid

naneidunnudnivulilngliseauasugusniveannnd
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w
A
iWs a\_zra«E W
> o
T J
d
Zin
L\ J

SUT 20 yuewinuunvesasaMalilasansy

NNuyAvIERIsasaEgnAmualifiduts d/w = 0.1 luvazfinnuniisves
FEUIUNTIIN 116 Taduns AN wnnd 50 Tadkuns aunitwvedlulasansulay
1.3 fadwns lunmsesnwuuageniAlumuidbasiiuldifundemyavdnisasdna
sonsiasullasuegnumnd Sanaildidonsiumiomandnisasiiogamngauudn
ApnuiunudunnazanadetsiifedidniUszann 110 Teviu Tuvuzideatuaiiud

islouuudazgnideuann 1.55 GHz LUl 1.79 GHz

2.6.9S. C. Pan uae K. L. Wong 5 a9 Design of Dual-Frequency Microstrip
Antennas Using a Shorting-pin Loading [13]
Tuunauddnausniseenuuuargatnidlilasansudmsuassguainui

Ingldinainudnisasiuansusui 21

Probe feed Shorting pin
w * X
< L >
A
h Er Substrate

%

JUN 21 angomielulasansusunsedvasudmsuassguanudlagldmefinvdnems
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anpoImAbiiAuMLNT 0.762 Tadwasuazailadianssnii 4.4 amnuniiewes
WG 24.87 FAAAT LATANLEVOIUNS 37.3 Tadns Faniseanuuuasonalagly
Yagnasuns laglinalinundmasludnuasdedasdenalildnruium () azegil 766 MHz
Tnoditasnufiniredaus 722-950 MHz wageudfiaes (f,) azogdl 1886 MHz lnaiidas
AUANIISR LA 1900-2130 MHz Fsazidiuladn nsldimaiinvndasasazaunsavinld
arwornimduatgeiniadimsuassg1uaud e wazdereliladaiserniad dvuin

NILNASARNIY

2.6.10 S. C. Pan uaz K. L. Wong 15 89 Dual-frequency triangular microstrip
antenna with a shorting pin [14]
luunauiiidngusnisesnsuvaigenialulasansulagldianviinneung

sUnseanuwidsuniinisldaudmivassgwanudlagldnaiaudniasiuandugun 22

&r Substrate

JUN 22 angomielulasarsusunsedwvasudmsuassguanudlagldmeafinvidnems

1N3UT 22 anvormalalasanvanamdsnsnuviivung 7.5 wuiing nedid
AlaBianasnd 4.4 Anuvuvesduansm 1.6 Sadwes nan1snaaseiilddmsunisviay
Tnefdesgunnudilaeaudusni 464 MHz ImaﬁmmiqzyLﬁaé’auﬂﬁuﬁﬂizmm -24 dB
wazAwiiansdl 2276 MHz Inefiensgaydedounduiivssana -21 dB Fsarneniddedl
sniuldan wmaflavdnisasanusavinlildanseniadmsuasgiuaud wasddvuie

d‘ v v

ABNNIEIRSA
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2.6.11 N. Abdullah N. M. lJizat S. K. A. Rahim M. I. Sabran ka2 M. Zaman
L'%'ax‘ilnvestigation on graphene based multilayer thin film patch antenna [18]
unauilaziausnisvawiatgeinialulasansulaeldianyinnsiilu

Y & LY

dmsuguaud 2.45 GHz lngiiunndazgnidiluiannsifuiosnnauaudiigang Ty

9

[
a o =]

il wazAnuTouid Janidnhugnldunuianvewadlasivuinvennd 21.5 x 17.5
myefiadiuns TudnvetlilasassUladazgnldiduiagvemamuin 8 x 2.46 msliadiuns
Fuawmsnazgnltiluianvia FR-4 Fallrladiann3nd 4.4 arumun 1.6 dadwnsalugy

23

28.1 mm

A
Y

32 mm

v I

\
Feeding line Patch

U 23 nsepniuuunndvesaoIniAlilasansy

wailgvensaespiedanisgadedounduil -20.5654 dB wazANIayde

and
)
)
=
N
)
=~
an
c

dounquiileniinisda -10.7 dB. lneniaudislaiuudesi 2.45 GHz Faiusean

v a av & 3 YA a & a1
AREIGARITEER ﬁ]’mﬁu%%ﬂu‘\]%mu‘lﬂﬁWll“UU'W@ﬁ’]EJEJ’m’]ﬁVlLaﬂiﬂﬂuﬂ’]ﬂ"liﬁ

Y

2
fa\)}
™
e
®©
=
)
c

Jaflanildreudism
2.6.12 N. Fugto R. Kaewon Lag S. Sirivisoot 509 A Comparison of Various
Patch Sizes and Feed Point Positions of Graphene Microstrip Antenna for
Orthopedic Implants [16]
unAnuiinafeniseenuuuaeeinidlulasansuilddmsuTagmanisunng
setagnsriuduunmdidesnnsiluiignisniduuwndfemanadiinnuandinisliin
wagnaTnnda Seaunsadianunuiiiaglangld uarludmvestuamsmlifanlndoy
laeonled il psanduiumidndiwimusonistansoulddlnedailndidnniney

100 farad/meter WazA1unuI9 2 fadns lngatgoinialazldaueylugiuninud

ISM band 7 2.5 GHz
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P 20.4 mm -
A
8.4 mm
18.9 mm 5.4 mm
K’
2.0mm |
A 20.4 mm ”

JUN 24 Tassadwangonialulasansy guueiiuuuredaseInie kasyuNeInIut1Iues

GREERNIRG!

9n3UT 24 wanslniutunvddvasuiulugadanuning 8.4 fadiuns

LAZAINUENT 5.417 TadwinT IAgN VA gUn 1UUDNABTUAASNIAINUNIG 20.4 Taawuns

L4

wazAUE1 18.89 adwns Feanvomailgdawaiannesensldnudmivaunsal

€

¢ A 1Y) oA 2 ' ) o = wa a
NINATTILNNY Lu@ﬂf\nﬂ'}a@ ﬂﬁ']‘l/\lullﬂ'nmLUU%QﬂWWIﬂJﬁQN@@UW?WEJG]E]TNW‘I'EJ mﬂmauumu

(Y]

Jaanoauwalaianunsasinle

q

2.6.13 R. Song C. Liu J. Zhang C. Liu D. He gz Z. Wu 13949 Flexible Graphene

Based Films for Microstrip Array Antennas [20]
unansiiiiauenisesnuuvasenAlilasaniulaglifagnafiudsduun
ANNAING 37.26 Haaluns ANe13 30 dadluns kaganundtsveslulasansdlad 2.98

fadlunsaaluguin 25

A
Y

L

JUN 25 lassaivesangeinielulasansy
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wafilsaoasenelulasanivlneldiannsfludanisgaydedoundud -
40.28 dB firnudl 2.46 GHz FadleSeuifisuivameenilulasansuiiilassaanioudu
wiiduianvdanesuns Fanuinmsl¥ianviansiulinadinsgapdedounduiianii was
Jusidenivanzaslumsliunuianvianeundld Taefinrunhvesnnudildauegi

120 MHz

2.7 a3y
d‘ Y o a a o d‘ d‘ ¥ ! v YV d‘ I a o
PnNsAlavinnsesuienuiteiineidedludiuiiten 2.6.1 - 2.6.13 NUINNUITY

[y Y v

Tnenmsundunddeiidmuderosundu uifeenuuuiinrusdomisiesnliaseiniea
fvuafidnilinsgapdodoundu wagauuudiniia Jevinlveenuuuliinnsesnuuy
aemelulasaniugunsnsumulagldiannsfludmsvgiuninud 2.4 GHz lngldinada
VAT LLaz?fﬂmmiaﬁ'ﬁumm&Jmmﬂimimam‘%ﬂgﬂmmaLLMauﬁiﬂLﬁuawsaﬁﬂmﬁm%’u

a9981UANUDLARD 2.4 GHZ tay 5.3 GHz malaau
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ASNISLHAZVUNDUNITANIUITU

n1seenuuUAEeINIAT aztausluineinusatuiiuniseenuuuasenne
lulasan3ugunssrsumudimivguanad 2.4 GHz uazihluwaunduaesgiuniud
2.4 GHz waz 5.3 GHz 1¢ Feldhnsfinsinisesnuuuaieeinimnnauisenis wazlh
AudfldannisfnvinumaiduinyssgndlifiosenuuuaiseniafiiiussAnsam

WL ANAUNISIIaU TAgiTUNDUNTDNLUUAIN

3.1 N598ALUUNITIRY

3.1.1 AnwinuandAiniaudndnlaivesiannsflufivanldluduves unnd
WAZSEUIUNTIA

3.1.2 Aumiunisgailadivtisan wasAnwanuduiusvesiuniawesaaile
fifasiensiasunlasesgiun ez insgidetoundy

3.1.3 AUMALILNRA Short-pin vz uasAnwianudiusuediuvisedgn
Short-pin fiflnasiensiUasuiasestumNALay A aEefoundy

3.1.4 Anwianudunusueavuinisimuseuuen wazlamusouly 7inase
MswABuLawesE AL

3.1.5 iaesarsoinielilasaniveuugunsauwnu Wagldlusunsudiass EMCoS

Software Antenna WBWIUSEANTAINYDIE1YDNF

3.2 S2U8UND

v
a v A

nuiteilavinisesnwuuatseinialulasan3usunsesumud swsenaunay
wnvdguLEnsn wagszuIuns1g Jstunmsawalusuudiasanisedinaaniduindusios
a1 va a a 1 o [y = 1 aa £9 g
fraaaudd Binn3n wazAnsulivesian iuludsivesrnudingsme lnsduneu
wsn@nwimigadounseaulnii wazd1uniaas Short-pin Mmuigaud1nsvalgoinie
TURUNARIANYINAYDINITUTUVLIAISIUTEUUBNkA s Ul UYBIEIHRINA TunauTiay

AMVUAUTENNVRITAANTIU UNNT haETEUIUNTIIN e



28

3.2.1 TaseasevasatgainiAlalasansusunseauniu Taglduuudnaainig

ANAANENS

LUUINADINMNAMAAIENTAINTUNITAIUIUVUIAVDILNAT AN UA18BINA

§1UAN 2.4 GHz

a_3ﬂﬂ&zn+g

= (3-1)
2rf e, 4
b=2a (3-2)
We 4 A wwmswusouly
b Ao wuImmIUTEULeN
Ay fe . Awssiwesdmsulnue TM,, Siawiiiu 3.2825
f. & anudnes 2.4 GHz
U fe ~Aruwuwesgiusesdan dawindu 0.5 Tadwns
& 1 %] a a a (% a1 [
& f - masladdna3nuesgiusesian dawindu 4.4

(9]

TAYALLANINISANUIUVDIENNTSN (3-1) wag (3-2) fail

2 3x10%x3.2825 +3><0.5><10_3
2x % 2.4x10° x~/4.4 4

Taean 4 danuszunm 31.13 fadwes nasantuiia 4@ Alaluknuluaunisy

(3-2) W HBVVUIAVBTIUMIUTOULDA

b=2x31.13x10"

Tagen b danUseunal 62.26 Taawng

NSATUINVUIATYBILNNTE NS U8 INATNTF I UEDEIUAIIND 2.4 GHZ Lay

5.3 GHz
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_ 8.791x10°

fsr \/;

a— K (3-4)

1
2 | 0 7Ky 1 7706 2
ze, K ter g

K (3-3)

b 3x10°x A, N 3t

= (3-5)
2r f\/e, 4

Ao YuIMwIIUsaUly

=
©
Q>

=
o))}
©

YUIMNIILLWAIUIDUUBA

o~

£
)N
®

ANNSTRBTENTUIUUATM, , HAVNAU 1.841

fe e  anwdnansdmuauingn 2.4 GHz

f,  Fo  avwinarsdmiumnudiides 5.3 GHz

U fle  enunwivesgiusestds Jawindu 0.5 adluns
& Ao eewnledianninvesgiusesian dawvindu 4.4

TAYALLAAINITATUIUVDIANNITN (3-3) 014 (3-5) pail

) 8.791x10°
5.3x10°x/4.4

nmsewianie K faiussuna 0.79 nasannduiian K alaluwnuan

Tuaunisi (3-a)

0.79

§x0.79 1

)+1.7726 [12

a=

2x0.5x10°°

{1+ In( -
7x4.4x0.79 2x0.5%10

INNITAIUIUNIAT @ UAIUTTUI 8 TABLUAT NAIDINUUILAIUIUIUIN

usavUsnNaglgaun1A (3-5)

B 3x10%x1.841 N 3x0.5x10°°
2x wx2.4x10° x~/4.4 4
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INAITANUIUNIAT D UIPaIIUTEUYDN TANUSTUNN 17.5 HaalUAS

Patch I

Substrate

Short-pin

Ground plane

Feed

JUN 26 Tassainavesanee1niAlilasansusunseumu

3.2.2 m3danyliansfuiiwunzauweldidudanvasunnduasszuiunsninves

d1891n1A

n1silvesn Ml ul e duaunuIveInsflulaen1seanuuulae

Mvualiunndsunsnsmiukayszuunsnd dannaiu (26, 271 lngn1siiliiuag

ANUNUIRLTERNT LAz RARIUANTIN 1

a a = ° Y] a a
1399 1 e1sensidSeuiisunisiiliiuasariivuivesiannsiiueiingne

winvesTanns Iy AUV (Nm) At (S/m)
Graphene single layer (GSL) 0.335 1x108
Graphene nanosheets (GNs) 3.4 1.098x10’

100 6.8x10°

Graphene conductor sheet 2.5%x10* 1.94x10°
(GO)

Graphene paper (GP) 3%x10* 1.4x10°
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dwsunuideilagidenldiannsifuyssian Graphene Conductor Sheet

(GQO) szl duianguosunnduazszununsme

3.2.4 mseanuuvarganAlulasansulngldinaiinvidnieas

aeonelilasanivannsaldafivainvaieiieusulgeussansamues
A nIauazifieanuuiauaysaadendsnuld delunuidedarldnaianndnis
(Short-pin) lumsthewannuiulgsaeena lnemaadnssiazdeliifuussansam
ANTLIAYRIANRNINTA hazannsaiUAsunasguardld Tnsnsaiwndasasiunuide
il

1) a$19MAYIFA99TAAILAUS x = -12.75 Tad1uns y = 0 Had1uns
VUUNNIEHUILYBIEEIN A WTUSTLAMAR 2.4 GHz Way a31amynu1dnsasidiums
x = -12.50 §a81UA5 v = 0 faBLUAT UNLHATIIAILY BI8I8e N Ad NS Uae g 1WA LD
2.4 GHz 11U 5.3 GHz

2) E’hwﬁmeﬁuaamﬁmwﬂﬂé’aﬁyuﬁame] ULV 1LNIUTOIAI8DINA

IeilsrEereUINSEIgUAaZATIN 0.25 dadiuns faluguil 27

(O Feed point position @ Short pin position

JUN 27 suniavegailn wagsumiawesndninsuulnminsluvesaeenalilasansy

Tneilseazuinad 0.25 Jadluns

3) Wiguilguanmsgadedounduresansainialilasanivainnsiufsunyas

ALV DIIAVIANNITUAAL AU
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NANIS1889INI1SNI9U

Y] A v ° ° & P ~ P A &
PN DDNBUULALINABINITYINUD DIAUVBIANYDINALUUNT 3 ka7 viloLTu

= U o a 7Y =
nsgudunamsviheulazaussaurvesaganalulasansusunsnmulagldiannai
WBTDISUNISYINGIY 2.4 GHZ WaLa1u1sanmuIsL o895 udadg uaInudN 2.4 GHz way
5.3 GHz 1@t foa1nTazdun1s AT miemaNssausnN1s¥uYeaIgaInIdsalUshAsy

N13371884N150NLUVLALNITINUVDIE88INE EMCOS Software

4.1 nseenuuvseanAlilasansUdmiuguaud 2.4 GHz
4.1.1 MIANYUIAUNNTVBIAIERINTA LAZAITNIAIUNLIYDIATA

NUNT 3 FaldInITAIUINIUNATBIUNNT T UNTIIIUNIUNAT Li Ae
YUINIUNILILY (a) = 3113 TafiAT kagauInIewnIuIIuen (b) = 62.26 dadluns
selsfimuannseuindiltissdsualdameornmataundiveldnsevings Hoanuuuisld
¥NTAATUINYDILNNTE FUNTIIWINUI IR TaeT Isfaunn a = 10 fadiung uaz
w9 b = 15 fadiuns Wislildaiseinefiduinnssings Faumiweiia ( Feed point )
wgnuiusausiveutenumIusaululufwevresiuvuseuten lasszerviswenisusy
wagfinfioy 0.25 faduns lasfidunondasdilifimsldinaiavesdniems ( Short-pin)

Fauansegluzun 28 wasnanliannnisuSurinng tasUiudumiavegailn Auanduguin 29

O Feed point position

JUN 28 nsuTuiuvisuesaailnuuwnmdienay
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1 I I I I
0 syeomaer r%;‘_‘ -"——::::il'_‘:‘:-- L--_-‘ ————— -i ——————————
q o T— ; _________ :L__'_"'_‘_’;f'-:,- ]
ol B | P
= 3 =<1=10.25 mm 4:. _________ E. ________
o, 4 —+—{=10.50 mm | :
~ - £=10.75 mm 1:- _________ i- ________
A5 o f=11.00 mm ootk ]
e
L — E— N— —
-8 I I I
0 1 2 3 4 5

Frequency [GHz]

JUN 29 Aanadlaainnsuiuilaudunismesgniln

M5 2 nswWSguiigunisiiassnisiauainsaidedeounduresaveinialilasansy

wnndgunsnawnuignuTulUasuiurtanislaudy g aqaiin

AUMUIVDIANA (3al.) Annsgayidadoundu : S11 (dB) | AR (GH2)
f=10.25 -1.55 a.5
f=10.50 -6.91 a.5
f=10.75 -6.00 a.5
f=11.00 -6.00 a.5

a

INFUN 29 Uagn15199 2 Agladwinunisvedgailaf 10.25 Tadiunsazlvien

o a

nsgadedounduiinnign ureedlsinuanudildazedi 4.5 GHz Fafeanwuun1nniali

q Y
o

lomudy 2.4 GHz Asdutiovinlilamud A 2.4 GHz F9ldwaiia Short-pin Loy

N15USULUABUEIUAMUDLALAMUN AR
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4.1.2 n'ﬁﬂ%'mil?iauéfmwiwmqﬂ Short-pin
Tudumeuiiagynisldimaia Short-Pin 1ilegnsUsuIUABUTEIE1UAINE
Tagsumiisas Short-Pin azgnuiusausiveutesiswmusaulufinaumusevuanniou
Fupounisuiugaiia Fessasrinsresnisuiuasiuvineiios 0.25 Saduns usaglaiuiy
dunisvesgaflaifud 10.25 fadiuns fauandlusuil 30 waznaiildainnisuiuaey

AUaYes Short-pin Azgnuansluguil 31 uazn1319¥ 3

s = -10.25 mm. f=10.25 mm.

oo 0 Do .. oo

O Feed point position . Short pin position

JUN 30 AsYTUmisUes Short-pin ULLNNTINaY

0 T 1 1
| | |
| |
|
I e
| |
| |
| |
-10 S R S RIS SN |
Py | |
% | |
— S £ S—— R o 4: ‘
= =5 =-10.25 mm.
2 ._ | Zrs=-10.50 mm.
__________________ s =-10.75 mm. [
I |©~s=-11.00 mm.
25 N Al E——
3 3
.30 - l 1
1 2 3 4 5

Frequency [GHzZ]

JUN 31 wanilsannnisusudeusinuniavesqn Short-pin Tusiumiasingg
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M5 3 A15UTEUIEUN1T91809NTTUAINTEEL T oUNd ULz E1UANNDT VDY

awenAlilasansULnmdsunsnsungnuulUasuiwiwesgn Short-pin

fumiaves Short-pin (ua.) | Ansgeydedioundu : S11 (dB) | A21MA (GH2)
s =-10.25 -29.32 2
s =-10.50 -28.71 2
s =-10.75 -28.71 2
s =-11.00 -27.74 2

13U 31 Uarnn3199 3 devinisldnada Short-pin vdanalainaud

' ' '
o A 1

gnUSUIMN 4.5 GHz 19 2 GHz Fashumibsnlidinsgadedounduinnanazeg i

9

-10.25 faduns weedelsAnuauanladldiduluniunainmis

4.1.3 MyUsurunuaLwRIusauly
lut'uneutazvinnisusudsuruinveaiawmiuseuluiioviin1saRans
wWaguwUaswesg A kagaA1nsaidedoundu lngivu1nreaauniusauLenizayi

15 faduns wazdwriavesaaile wagShort-pin gegn 10.25 dadiunsuay -10.25

Ta8unT MUAIFY 1n8NISUSUIUINILIIUTBULLAZINNITNARBIUSUTUINAILG 1 TaALUAS
69 10 Tadwns Inefiseeyn1aveInisusuasias 0.1 aduns lnenailaasuandaisian

AIlUTUN 33 Uagans199 4

f=10.25 mm.

3

s =-10.25 mm.

O Feed point position . Short pin position

JUN 32 nsuTulldgurunasnuseuluresinndianay
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S;; [dB]

el d____lL___1&

|
1
I
1
|
40 | \Bi L
1
|
|
1
|
|

1 2 3 4 5
Frequency [GHz]

U 33 madliannnisusullasusunavesaumiuseuly

M5 4 A19UTEULIEUNITINA0INTSTINIUAINITE AL oUNd ULz e 1A VDY

aflammﬁiﬂﬂiam%ﬂLLWﬁnﬂ?gUmmLLmuﬁgﬂU%’uLﬂﬁawuummm’ml,mmauh

2euausauTu (a) Annsgayiedoundu s S11. (dB) | A2MA (GHz)
a=4 -42.08 1.6
a=>5 -32.94 1.6
a=6 -39.04 1.7
a="1 -39.17 1.8

1IN3UN 33 Uaza19197 4 unverisniuseulud 4 fadwasazlaan

'
¥ U a

nsaqdedounduiianfigni -42.08 dB lnedauin 1.6 GHz Fsegrdlsinuarudale

1.6 GHz gyl ulumuiigeanuuuninnia
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4.1.4 75USUIUINVBILRIUTDUUBN
mﬂmiﬂ%’uLﬂ?iauéummsuamaLLwauﬁauiuLLé’aazé’aLﬂmiﬁ’jflshumm?igﬂLﬂ?iau
uarldrnisaapdedeunduiidunniu Tutuneusoluasyhmsusuiudsumuavensumy
souuomil oVl la g 1uANA T 2.4 GHz T ldauinaswnausevlui 4 fadiuns
drudumisweageila uaziuvisves Short-pin 8¢l 10.25 Tadluns way -10.25 fadiuns
audsiu TnevunasumuseuLenayldinisvnassUsusaus 11 Jaduns a9 16 faawns

[

TneNszeE19v0InNsUSUASIaY 0.1 JadLuns 1neazhaninanleanInanas adlusun 35

9 Y

~
WAZAITINN 5

s =-10.25 mm. f=10.25 mm.

= )

O Feed point position . Short pin position

JUN 3¢ nsUTURELILIAIUMINTBULON VBN VT NAY
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Sui [dB]

1 2 3 4 5
Frequency [GHz]

JUN 35 WankeannnIsUSuAsuILInYewIuTaULeN

a ¥ v 1

M 5 AsTeuiigun1IdaeInsiuaAIMsgdsdoundulazg1uANNT v

o

[y

a1881n1bulAsans Yunnd 3 Unsasumui gau SulUa suvu1Invea3awmni

Y

saUUeN

UNIUTBUUBN (W) Annsgaydedoundu : S11 (dB) | A2A (GHz)
b=115 -34.72 24
b=125 -31.84 2.2
b=135 -36.70 1.9
b=145 -38.66 1.7

903U 35 wasn15199 5 aziulaindevuinrauniusevueny 11.25

fadlunsaeilalaguanudil 2.4 GHz lnenfirnisgaydedaunduit -34.72 dB

4.1.5 nsuSumdunievagailn uag Short-pin lilenanafiunsauiign
Tudunouilagyinnsusuiumianedgaila wag Short-pin Lilevgafivitnzay
=i A Ao P o v v oo A =< o o TN a
Nanenvilvlaainisagdedounduisfgadatuneunisiagyiaagiutuneui 4.1

wag 4.2 lngaglsuyinisiuTeuiigusiumisvegaiianeu wazazilIeuiieumumniavesn

Short-pin #dNlAunweIRATafimEnzauLa Lagseeeinaven1susuazeyiiniiay

q

0.25 Taduns lneashansdmNanagsn tusu 37 wagn1s1en 6

9 Y




S11 [dB]

O Feed point position . Short pin position

JUN 36 _nsususiuvtsvesanilnuuinmdienay

.‘-? . | |
| 9 | |
I | |
___________ O X F A ___]
| 1 |
| | |
I I |
| | |
----------- B —— =900 mm |-
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QII bl = o o 1 ) k24 (% a
HITNN 6 ﬂ’]iL‘LJiEJ‘UL‘I/I’EJ“Uﬂ’ﬁf\ﬂaaﬁﬂ’]iﬂqﬂqu@ﬁﬂ’]iq@y}mﬂEJEJ‘UﬂﬁUGU’ENﬁWE’JEJ'm']ﬂVLlIIﬂ'iﬁ@TU

wnindgunseaumungnusudsuiuniavesnisteudygyiugailaiioniyn

fmnzandign

Aunisvasgaila (W) | Amsgeiedoundu : S11 (dB) AMUA (GH2)
f=9 -36.13 2.4
f=95 -54.07 2.4
f=10 -39.3 2.4
f=105 -31.57 24

NJUN 37 waesnsi 6 anduldiduniesgailafivihlildainisgede

v A ~ dl o

SoUNAUNANNANABAWILIT 9.5 Taduns wagludunaumaluaeyinnsmenkrisiwunyay

q

Ngauoesimus Short-pin Bauansluzuil 40 uagkanliaNMITUTUAUNLUDIRAYIERIIRT

v

TRLAAIFANNATNARN AILUSUN 39 WALANSINA 7

9 Y

O Feed point position . Short pin position

JUT 38 MsUTusumiauesqn Short-pin uuunnganay
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I ¥ (
-10 ) V- i A
] 1
I |
] 1
I |
20 bR S ]
] 1
) ] 1
3 : |
i A ¥ 4B s =-9.50 mm [
%) i i -5 =-10.00 mm
40 oomo I -5 =-10.25 mm B
: ! =g =-10.50 mm
| I .
50 | NI N LR ]
] ] 1
] ] 1
1 I |
-60 | | !

—
[

3 4 5
Frequency [GHz]

SUT 39 madiliannmsuulUaeusiuiiiawesgn Short-pin

a bl ) o ° ! =) 14 U a
TN 7 ﬂ’]iLUi‘EJ‘ULVI‘EJUﬂ’]i"i]’]@@\‘]ﬂ"Ii‘VI'N’]Uﬂ’]ﬂ’]i%ﬁylﬂﬁEJEJuﬂa"UGUEN?ﬂWEJEJ']ﬂ"IﬂVLiJIﬂiﬁGﬁiJ

windsunsnsmuignusuilasumumiaenisleudyanqn Short-pin e

ynqaTivNEANTiEn
Auviavasgn Short-pin (ua) | Annsgaydedeundu : S11 (dB) | AR (GH2)
s=-9.50 -36.37 24
s =-10.00 -41.52 24
s =-10.25 -54.07 24
s =-10.50 -37.50 24

INFUN 39 Uagn15199 7 s Short-pin 7 -10.25 adtunsagyilvilaan

nsgayLdudaunduidniigase -54.07 dB

4.1.6 wan1snaaasvasagaInAlulasansy
PNTUADUNITODNUUUEIED1NANTIITALAR NS HLIRB TR TN dY
Tae9l vunuruseulud 4 Jadwuns vUIANWMIUTEULENT 11.5 Jaduns iU

al

ATAN 9.5 TaFUAT wALAUNUWBS Short-pin 1 -10.25 Hadluns Astugui 40
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Y

40 mm

Substrate

Short-pin

Feed

JUN 40 _angonmielulasaniudmiugiuainud 2.4 GHz

4.1.6.1 Amsgeyidedounduvasdgaimalulasan3uzunsersuniu
luniseenuuunisatgeinialulasansuiunsaisniulagly ian
na il dawalvldainisgadenan -54.07 dB Tughumnud 2.4 GHz uasdsanunsnsesiy

nslfoululdfausgiunud 2.02 GHz - 2.82 GHz fauandlugud a1
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4.1.6.2 JULUUANBALATTURNTZANENEY
HaN15918093URUUNITUNNTEINENE 1 uTRsageInAbulas
an3usunsnsunulagldiannsfuingiuaud 2.4 GHz Idnwazidunisuinsganewuy

FAnn4 (Directional) FeazuansluszuIuwnu XZ dawandlugui 42

240 300

dl 1 L dsJQ
E‘U‘Vl 42 AFTUNNTEINYNAINIULUUYN AN

4.2 mseenuvuaganalalasansUdmuenuanud 2.4 GHz uas 5.3 GHz
4.2.1 NM599NLUUENEDINIARINSUFBEIUAINA
Mndumeudl 4.1 Fsldrumaneetniauua 40xa0 mssiadums deudieay
yhmsianagoinannifnlinaeiduasss wanwiesnuuuisléviinsduanuun
2WUIINUNA 2 Fsmaitldainnisdnasumuminduy (a) = 8 fadung uagwun
2umnasuen (b) = 17.5 fadluns Seiumisesqaiiaf 12.75 fadmns uazdunivos

VNAANTN -12.75 UaALUAT é’fqgﬂﬁ 43 LLaSNaﬁ]'mm’ﬁaaﬂLLUUﬂﬁ]zQﬂLLﬁﬂﬂugﬂﬁ a4
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Substrate

Ground plane ’:

Feed

Short-pin

5UN 43 Tassaswaweiniabilasassulaglddagnaiiudmsusesiuaniguainud

0 T T T T
| | 1
| ( |
| ( {
' i i I
A0 A I RSN, W S5 R ——
1 ( 1 1
| ( { 1
| 1 | 1
i 1 { 1
| ( | 1
20 e — e ————
—_ | 1 1 1
M 1 1 1 1
: R
w30 I I— — §TTTmT A
| ( { 1
( ( { 1
! ! ! a=8.00 mm
40 - . N 4 b=17.50 mm |-
| | | .
I 1 1 1
| ( 1 1
| ( | 1
50 | 1 1 1
1 2 3 4 5 6

Frequency [GHz]

JUN 44 waanudntnannisauaall

mﬂgﬂﬁ a4 9uRulgTArualede 1.4 GHz way 4.7 GHz elalladuly

[
v v Y

mufimansasiugoanuuuislavinisvaasnisuuisurunnvesisnuseuieniia
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19AUDNRBINISAD 5.2 GHz
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4.2.2 N15USUASUVUINYDIFAIUTIUUBN
TudunoullaankuuazyNIUTUUE suvUIAY0 It MIUL 8 TR e 1
ANMUALANANN 4.7 GHz Wasuwladlrlasuanudnannds Insvuiniawniusauluazands

Y

AlTvuInANAeN 8 Tadluns LazAwruIveRallafiur1an9asdinsag Mduwnyasy
IAgIuINIWMIUTEUUBNAYIINISUTUWA suluagUsudunauin 13 - 18.5 lngszey
n1sUTulUAsuwIAASIaE 0.1 Tadwns Jenaiilivzuaniddnnian wandlugun 45 uag

MN5197 8

Sy [dB]

Frequency [GHz]

JUN 45 wafiliannn1suTulasusnnnuewIusauLen

a ¥ v

M5 8 N1TUTIUIEUNITIaRINTTNNUAINTA YA DUNTULAZE1UAND VB

o

mammﬂlﬂmam‘%ﬂgﬂmmqLLmuﬁQﬂU%’ULﬂﬁsummmawqLLmuiauuaﬂ

FUIUTDUUDN (Ua.) ANTsgeyiHedaundu : S11 (dB) AR (GHz)
b=135 -31.20, -11.47 22,57
b =145 -33.81, -16.97 20,54
b=155 -35.48, -25.23 18,53
b=16.5 -36.36, -11.96 1.6,4.9




a6

A58 8 azdanaldindlovhnsuiurnaauusevuenazsitlaud
usnuayeudfiaesgiUAsulUse Werumanmuseuuen 135 dadlnsazsilsilaaiud
u3nl 2.2 GHz dathlndrudiiaanisie 2.4 GHz uirwdiaesiiléide 5.7 GHz Bslsin
msgadediounduiliresd Wesufurnamanuseuuenil 14.5 fadnsisusinaud
wsnagdalaiidilng 2.4 GHz Ifvinfurumaumudl 13.5 Sadiuas widn sgyidedoundy
fuwnltufifnd dmufesnuuuiadenvumewnuseuueni 14.5 faduns uroeslsfmy

Funauildinslamnudluidulusmunaiends s 2.4 GHz way 5.3 GHz

4.2.2 msvFuasuruiavaaauauseuly
Tudunouifesnuuuaginisyiuasuruinaumuseuly Taefldvuin
JnuseUUBNBET 14.5 fadluns uariumvesaTindiuYdnIaRsnseg idumafs
fiofl 12.75 fadwns uaz-12.75 faduing nsUsuilAsurumawnuseuluaynmeaos
Usuruasaus 7 fadiums 89 12 fediung Inessernisusudeunisas 0.1 faduns

| Ao

InenadnsnlaasuanidaAinfian fAaguil 46 wazasen 9

Sy, [dB]

|
|
_________ JI. i [ S S P
| —4—a=12.00 mm
| —=a=11.00 mm
40 Lo ____ ] 3 =1000 mm |________|
| =53 =900 mm
i I I
| | |
50 | | |
1 2 3 4 5 6

Frequency [GHz]

JUN 46 wanleannnisuiudsunuinvesiwnuseuly



ar

M3 9 A15UTEULTIEUN1TI1A0INTTINUAINTEYELToUNULAZE1UANUDN VDY

aweanAlilasansunmdsunsnaungnuiuisurunavensmiuseuly

qeumausauTu (wu.) ANsgeyidedaundu : S11 (dB) A2 (GHz)
a=90 -31.1,-121 21,53
a=100 -31.2,-22.1 22,53
a=11.0 -30.1, -35.6 23,53
a=120 -28.74, -27.69 24,53

A =~ ~ A a ° P =
1NA15199 9 evuinlswiusauluiivuis 12.0 Jadwnsazyinlilaaaud
Wuldauimianisfe 2.4 GHz wag 5.3 GHz s uasuilmudiduliaiunannunTanad

wieanuuussIniviaigenalAnsgdsdaunadunanganeiud it Suluasudwns

| v
ﬂ@ﬂﬂqﬂW@LLﬁ%‘U?ﬁﬂ’N‘-ﬁ

4.2.3 nMsuSumimunievegailn was 9AUIANNRT INanYaINZHLTEN

JUN 47 nsuTuiuvtsuesgailnuunmdienay

TudunaullazyIN1SUTUMLNUIT899ATN A KAZIATIEAIDT LIl ONIYAT

A A Ao v 1 o v v Ao A = = = o ' =
wizaufigaievilvlaAnsagidedeunduiiifgn FasUToufisumunivesyail
Anufandluzun 47 uazasiUSouiieumuniavesyn ¥IanIRsaRINlaiumledn

Hafmzauus lneuanuaawsanign Asgun 48 uazn1sei 10
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20 b AN O SR — LT | S——
[— | | I
m | | 1
T, | [ |-®-r=12.25mm
- 30 Lo e L |-®=f=1250mm | Q@ |
a ! : —f=12.75 mm
| : *®-f=13.00 mm
! |- 1=13.25 mm
40 - Fo———m - — T -
| | I |
| | I 1
| | I |
| | | |
| ( 1 |
S0 ] | 1 1
1 2 3 4 5

Frequency [GHz]

JUN 48 wafilsannnisusuigumiunisvesyailn

Q‘I ! Ql o [ ! =] 4 v
A1519% 10 N1seUSeULn EJUﬂ"l'ﬁ"\]’la@\‘iﬂ?i‘l/l’N']Uﬂ’]ﬂ’]i@;iyjLﬁUS@UﬂaUﬂJ@ﬂﬁWU@WﬂWﬁIMIﬂﬁ

ansUunndgunsnaunungnusuaguiiiniarainsloudyyiugailaie

ynYeTANE AR
Aunisvasgaila (W) | Anasgayidedoundu : S11 (dB) AMUA (GH2)
f=12.25 -29.10, -43.82 24,53
f=12.50 -29.30, -32.00 24,53
f=1275 -29.70, -25.40 24,53
f=13.00 -28.90, -25.20 24,53

INJUT 48 warm131n 10 szmulddiundesyaiiaivinlildanisgeyde

founduimugauignfamuniaf 12.25 fiafuns Fazuldinaveansaydedeundu

Wasuan -28.74 dB 10U -29.10 dB way -27.69 dB 1y -43.82 dB wazlutuneusely

[

° ° A a ° ' . o a1 Ao P
‘U%‘Vl’]ﬂ'ﬁ%']m'uﬁﬁu@wLWNW%ﬂNqu@m@Qm’]LLWUQ Short—pm IﬂﬁJLLa@ﬂNﬁaWﬁaﬂqmﬂa@ AI5UN 50

LAZMAISI9N 11
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S,; [dB]

f=12.25mm
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| ( |
| ( |
| ( |
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30 e 1 - =5 =-12.25mm |- ---——-1
: : ——5 =-12.50 mm
| I s =-12.75 mm
40 b L L | —s=-13.00mm | ¥ |
H 7] ---s =-13.25 mm
: :
| ( 1 1
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50 I ! 1 1
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Frequency [GHz]
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M50 11 n1sidSeuiisun1sdnassnsyinuAnsgydedounduvesaigeinialulasa
asUunndgUnsawnungnUTuasuiunieinisdoudyyunvidnieas

\emnvzauign

Auisvesgn Short-pin (uu) | Annsgaydedoundu : S11 (dB) | AR (GH2)
s=-12.25 -29.25, -30.00 24,53
s=-1250 -29.33,-39.49 24,53
s=-12.75 -29.30, -38.20 24,53
s=-13.00 -29.31,-32.2 24,53

A [J 1

9103UN 52 UaEATIN 11 MUMNgAdnRsiinzauiganeswlei

-12.50 Hadlung %ﬁﬂﬁlﬁmmiqmﬁaé’auﬂé’uﬁ -29.33 dB waz -39.49 dB

4.2.4 Nan15AaRIYasagaInNIAtulATansY
PMNTURDUNITEDNLUVAND N AT TAlAAINI IS99 NnuIzEu
TAYT YUINIIIUTBULUTN. 12 TaALUAT YU NWIIIUTBUUBNT 14.5 TadunT Awnug

Y09ATATl 12.25 TAFIINT UAZAUMINT8ANI95T -12.50 Hadiuns Adusuil 51

40 mm

A
A\

40 mm

Substrate

Short-pin

Feed

JUN 51 anwomiealulasansudmiuasdgiuninud 2.4 GHz uag 5.3 GHz
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4.2.4.1 Ansgededounduvasagamalulasaniuzunseisuniuy
lun1seanwuunisatgeiniatulasansuunsaisuniulaglyddan
nailuil dewalildanisgadedisn -29.33 d lughunud 2.4 GHz wax -39.49 dB
Tuguaud 5.3 GHz waerdaanunsnsessunisldaululddusguanud 2.02 GHz i
2.74 GHz U 5.02 GHz 4 5.4 GHz fauanslugud 54

10 [ T

20 | ___] ) _ R

—
[=4]
©
el
=7 -30 - L ' -
wv a=12.00 mm
b=14.50 mm
f=12.25 mm
40 =1 s=1250 mm -
S0
1 2 3 4 5 6

Frequency [GHz]

JU# 52 famsgayidudeunauvesangannie

4.1.6.2 SULUUANYALNITURN TERIENEINY
HANIT91AR T UL UUNITHHNSEIENT I uvBsago N alulasansy
sunsrsunulagldian nsungmanud 2.4 GHz uwag 5.3 GHz ddnvasiunsuingzany

WUUBTIAn1e (Directional) #vsuandluszunuwnu XZ daanslugui 53 uag 54

XZ Plane

JUN 53 NISURNTEENGINURUUIRANIEnTUEuAND 2.4 GHz
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$UguALd 5.3 GH
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uni 5

A3UNa 2AUTIENA wazdaLauauuL

5.1 unasy
ATvadvilladnausniseenwuuagonialulasaniusunsaasmiulaglyian
nafudmsunsiaulugiunud 2.4 GHz wagaunsanmunduassgunnuddmiv

=]

15147 2.4 GHz uag 5.3 GHz TneeuAdeddTagUszasd Ao i eAnwinisviaiues
awonielulasan3ugunsneumuignesnuuulasianninilu uazduvuesgil
(Feed point) U FuvteneI8ni9as (Short-pin) fidsrasenisiudsuulasvasguanud
wazAINSgLdedounduveIEIueINA
Pnnan1saiudselaviinisdnassnisesnuwuugigenidlulasansulaglalusingy
$18849 EMCOS Antenna Viab @isldtiausmpeiniasunsnsumulasliiagnsitulagls
wafia Short-piniflesessunisviailugauasud 1ISM Band Swwamswnuiieenuuuiised
melufl 4 faduns waedasianeuenti 115 Tadwing wasnamesaneennaf 40 msuliadiuns
Tnefianunsnsesiumarinunsounguiaud 1.6 GHz 1 2.83 GHz lasfifiauinaisedi
2.4 GHz uardidnsqaidedoundvegil -54.07 dB uenaniussiamuliiuaeeinia
dwsvaesguaug Inefvuiassuvausedaoeludi 12 fadiwuns wazsadarouenii
14.5 fadnT YiAvesasaInIa 40 mssdiadiunslaefiaunsasesfunsviuaseungy
Faust 2.02 GHz 4'5.02 GHz Tnefimuiinansil 2.4 GHz wasAsaUARUATINARIG 5.02 GHz
89 5.4 GHz Ineflanuananeii 5.3 GHz aaneddedilddnuni wuinmslénaia Feed point
way Short-pin 13 suAtgymiiivszansamdielildnnudafisesnisluvaedissnw
yunvesaeoAliTivueiinsginsald Faumisues Feed point uag Short-pin fimanga
Fedmaliausauudsuguanuiislewunduasaeoimariiiaseiniaivszansaan
dmsugmueud 2.4 GHz waws.3 GHz WewSeuiisuasannialulasansudmsuguaud
2.6 GHz funuAdevinudy wandumsedl 12 wazansemedmsuaesguaiud 2.4 GHz

WAL5.3 GHz AUMNWITLVINUIU LandlumI$199n 13
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QII ] = ] U 1 dl ] U a v | d‘
AN5199 12 NSIUSEUMIEUANEDINA NS UEIUANUR 2.4 GHZ igUNUIUIENIURUe Tusu

Aauds
1UTY Resonant frequency
Si; (dB) Size (mm?)
(GHz)

ATl 54,07 2.4 40 x 40

Sharma et al. [23] -33 2.4 24 x 33
Gan et al. [25] -20.96/ -12.823 2.45/5.3 160 x 160

Baek et al. [28] -31.73 2.68 60 x 60

A = = ° o ' a a o av 1 A
AT 13 ﬂTﬂUiﬂiﬂﬂSUaqﬂaqﬂqﬂaqﬂanaﬂﬁqu@jquﬂLﬂﬂUﬂlNWUUQUWWUBUﬂ

fauus
o Resonant
41498
Sy, (dB) frequencies Size (mm?)
Bandwidth (%)
(GHz)
mu%ﬁ'&‘ﬁ -29.33/-39.49 2.4/5.3 40 x40 x 5 30.23/7.35

Yan et al. [3] -16.33/-12.66 2.45/5.25 63 x86.6x 1.6 Less than 5

Katore et al. [7] -24/-27 2.44/5.25 36.7x24.7x 1.6 2.46/7.62
Gan et al. [25] -20.96/-12.823 2.45/5.3 160 x 160 x 0.8 2.61/ 2.02
Chen et al. [29] ~-35/-30 2.45/55 142 x 98'x 6 a/12.73

a = v o a a o a o N ]

NA15199 12 1T 9lavnasiuS g Ui g ua1891n AN UIUI T8V IUd U WUln
angenAnganiuulivinnisesnkuuty dansaydedeunduian Jeegludnniaiunse
gousuladmiunisdatayalunuuliay wavwoundinduiede lnsareneniev Loty
= ' v I3 v o = & a aw v oy
fuwmAsutadnnseindn dadulunudsndesnwuulananiall

INANTNN 13 MNATRNLUUETRINATLIAENNTEYInsadmsuldauaesguAmd
devhnsiSeuiieuiuanuiderinudug ssnuldinaeeinialininisgaydedounduiiag
goihbidulalainanseinianlavinniseenuuuiivsedns amlunuildunnaunsaveusula
dwsunisdedoyalugiu ISM Bands wag C Bands hazdalauuuainviiAeud1eaning

d! % o Y
F9a11505095UNsVIuleR
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5.2 Yaiauauue

awornalulasaniusunsssumulaglifagnifludsldinaia Feed point waz
Short-pin fifieeanuuulmeimeaainsnsessunmsvinulugiuarud ISV Band Funaia
Feed point wag Short-pin Ll eflfunysiinunzaunan1sUSUIUA BUILINTBIIUNIY

ALAINA LM AIUITODDNLUVAIYDINIALAAIUITATOITUNTV N UEDIE1UAUNED (Dual-band)

s 1

7 2.4 GHz wag 5.3 GHz kazdiaunsavinlidasan1ANIAILULUAIANARLANNZADNS IT9UY

woog19lsAnuaudITedwuindanuel (Gain) i AsuT196 wardudukAnNISINas

=

n1seenkuUatsaIn1Ad g lllaas19a1891n1@959 sy dusuanuddelulenianaly

AsUFuUTIANaaRTY wazBslundrdumsaieangonmatu e Innan15nauase
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Abstract—This paper presents a design of a
compact annular ring microstrip antenna using a
modified graphene material with short-pin
technique. The antenna design uses graphene
material in parts of patch and ground plane of an
annular ring antenna. The form factor of the
antenna is designed for 2.4 GHz bands by
adjusting the outer and inner radius using the
short-pin technique to evaluate the resonant
frequency. The simulation considers the return
loss and directional radiation pattern in the
feasibility analysis. The simulation results show
that the form factor of the antenna in the
proposed model can be adjusted to support 2.4
GHz bands with the return loss at —54.07 dB
which is potentially feasible for various
applications such as mobile phone, bluetooth, and
radar in wireless communication devices

Index terms—Annular ring microstrip antenna,
directional  radiation - pattern,  short-pin
technique, return loss, voltage standing wave
ratio.

I. INTRODUCTION

The antenna is an important part of wireless
communication system for transmitting. and
receiving data in free space, which can be
generally divided into three types: (a) slot
antennas used in a high-frequency bands from 2
GHz to 24 GHz; (b) coil or wire antennas used
in a frequency range between KHz-MHz; and
(c) microstrip antennas used widely in a range
between 1 GHz to 6 GHz [1], [2]. The design of
the microstrip antenna can achieve a selective
frequency band with low manufacturing costs,
lightweight, and compact size. Graphene
material is frequently chosen in the design
instead of copper due to its structural properties.
The structure of graphene material is a two-
dimensional plane consisting of carbon atoms
organized in a honeycomb lattice [3]. This

Manuscript received January 5, 2019; revised January
30, 2019; accepted March 28, 2019.

structural property can be utilized to fabricate a
very thin material which is stronger than steel
around 100-300 times [4]. Graphene materials
has also been integrated in the antenna design to
counter problems found when using copper in
the fabrication of antenna structure. Copper
plate .is often subjected to repetitive bending
which will fatigue and break the copper [5].
Moreover, the antennas fabricated by copper
material are relatively large size around 60x60
mm? and still have high return loss (S11) about
—20 to —30 dB, and high voltage standing wave
ratio (VSWR)-about 1 [6]-[12]. Then, graphene
material has been proposed in many recent
works to replace copper material. For example,
works by Abdullah et al. presented the structure
of multilayer graphene for patch antenna to
reduce the resistance of the metal and improve
the electric conductivity of the antenna [13].
Works by Fugto et al. [4] presented the patch
microstrip antenna using graphene materials
instead of copper for biomedical devices due to
its high electric conductivity and no effect on
human health. Works by Sajal et al. [5] also
presented the suitability of graphene material in
the design of microstrip antenna as same as
works by Song et al. [14]. The properties of
graphene material, i.e. high stability and good
flexibility, produce the better return loss and
high gain value compared with copper antenna.
Moreover, its light weight and flexibility would
protect the antenna from being broken.

In this paper, we design the compact
annular-ring microstrip antenna by using
graphene material and investigate the frequency
band of the antenna by varying the form factor.

Corresponding author:  P.  Phonkitiphan  (email:
phonkitiphan_p @su.ac.th).



The short-pin technique has been applied for the
optimization of the selective frequency. The
design using EMCoS software is presented
including a comprehensive simulation to
demonstrate an improvement in performance of
the antenna.

Il. ANTENNA DESIGN

The schematic of annular ring microstrip
antenna is illustrated in Fig. 1. The graphene
microstrip antenna consists of ring-shaped
patch, ground plane, and FR-4 substrate. The
conductivity of graphene is ¢ = 1.94x10° S/m
for a thickness of 25 pm. The substrate is placed
between patch and ground plane. The FR-4
substrate used in this work has a relative
permittivity, - of 4.4 and a loss tangent of 0.02.
The thickness of the dielectric substrate, t, is 0.5
mm.

 [Pateh [Patehi
Substrate
Ground plane

O Feed point position ® Short-pin position
Fig. 1. Schematic of graphene annular ring
microstrip-antenna.

This annular ring microstrip antenna is
designed to operate at the resonant frequency,
f, of 2.4 GHz and support TM»; mode. Higher
order modes of TM,; for the antenna have
enhanced more radiation and bandwidth [15],
[16]. The inner radius, a, of the antenna can be
expressed as

8
a= 104y 3t (1)

2z fr\/z 4

where A1 represents 3.2825 for specific case
representing for TM2 mode of an annular ring
characteristic equation [12], [17]. The outer
radius b of this antenna is given by

b=2a @)

79

The inner and outer radius of the antenna
calculated from (1) and (2) are 31.13 mm and
62.26 mm, respectively. The antenna size
calculated by these parameters is quite large
about 130x130x5 mm?®. To achieve a compact
size antenna with the resonant frequency of 2.4
GHz, the inner and outer radius are varied up to
10 mm and 15 mm, respectively, by using short-
pin technique described in the next section.

I11. SIMULATION AND DISCUSSION

In this section, the physically size of the
antenna is reduced to the desired size which has
the inner and outer radius of up to 10 mm and
15 mm, respectively. To operate at the resonant
frequency of 2.4 GHz, the antenna is optimized
by ~using EMCoS Antenna VLab software
(EMCoS Ltd., Thilisi, Georgia). The scattering
parameter return loss (Si1) simulated by
EMCoS is observed for performance of the
power wave of the antenna, i.e. the reflection
power returning from the port 1 received by the
antenna port. The standard of Si1 is required to
be close to —10 dB or lower [5]. The feeding
position is varied along x-axis and y-axis as
shown in Fig. 2. The distance between each
pointis 0.25 mm.

According to Fig. 3, the minimum amount
of Si1 obtained when the feed location (f) is at
10.25 mm-away from the origin. Its resonant
frequency is at 4.5 GHz which does not meet the
expected frequency of 2.4 GHz.

(O Feed point position @ Short pin position

Fig. 2. Diagram of feed points and short-pin
positions on graphene patch antenna.
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Fig. 4. Return loss of each short-pin positions
with the fixed feed point of 10.25 mm.

The short-pin technique has been-applied for
tuning the resonant frequency to meet 2.4 GHz
[18]-[20]. Firstly, the feed point is fixed at 10.25
mm, the short-pin position (s) is varied along x-
axis and y-axis-as shown in Fig. 2. The
simulation results in Fig. 4 show that the
minimum amount -of ‘S;; obtained when the
short-pin position is at -10.25 mm.

Secondly, the inner radius is adjusted by
fixing the outer radius, the feed points and
short-pin positions at 15 mm, 10.25 mm-and
—10.25 mm, respectively. Fig. 5 shows that the
inner radius (a) with the minimum amount of
Si1 is at 4 mm. Next, the outer radius is adjusted
to meet the expected resonant frequency. The
results are in Fig. 6.

According to Fig. 6, the resonant frequency
of 2.4 GHz can be achieved by adjusting the
outer radius = 11.5 mm, the inner radius = 4
mm, the feed point = 10.25 mm, and the short-
pin positions = —=10.25 mm. Its return loss is
about —35 dB which is still not a minimum
value.
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Fig. 8. Return loss of each short-pin positions
(the inner radius = 4 mm, the outer radius =
11.5 mm, the feed position = 9.5 mm).

Fig. 9. Directional radiation pattern.

TABLE |. SUMMARY OF THE ANNULAR RING
MICROSTRIP ANTENNAS.

Parameters
Resonant
The research
S11 (dB) frequency | Size (mm?3)
(GHz)
This work —54.07 24 40x40x5
Baek et al. [6] |-31.73 268 g$><60xo.7
Sharma et al.
[10] -33 2.4 24x33x1.6
Gan etal. [11] |20 9128 | 24553 | 720100

To minimize the return loss, the feed and
short-pin positions are adjusted. The feed point
is varied first with the fixed short pin position
of —10.25 mm. Fig. 7 shows that the minimum
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return loss of —-54.07 dB obtained when the feed
position is at 9.5 mm.

Next, the short-pin position is varied with
the fixed feed point of 9.5 mm. Fig. 8 shows that
the minimum return loss of —54.07 dB obtained
when the short-pin position is at —10.25 mm.

According to the simulation results, the
optimized parameters are the inner radius of 4
mm, the outer radius of 11.5 mm, the feed
position of 9.5 mm, and the short-pin position
of —10.25 mm. The form factor of the proposed
antenna can be adjusted to support 2.4 GHz
bands with the return loss at —54.07 dB. The
directivity result of the antenna is a directional
pattern as shown in Fig. 9.

The variation of the outer radius, the inner
radius, the feed point, and the short-pin position
has an influence on the amount of S1; parameter
and the operating frequency of the antenna. The
designed antenna in this work is compared with
other works as shown in Table I.

According to Table I, this work shows the
lowest value of the return loss Sq1 of —-54.07 dB
which is in an acceptable range for sending the
information in wireless bands and mobile
applications. The form factor of the antenna can
be optimized using short-pin technique to meet
the required frequency of 2.4 GHz with the
compact size of 40x40x5 mm? obtained.

IV. CONCLUSION

The design of graphene annular-ring
microstrip antenna was studied in this work.
The designed antenna has an inner and outer
ring of 4 mm and 11.5 mm respectively, giving
a compact size of 40x40 mm?2. The operating
range of frequency covers 1.6 GHz to 2.83 GHz
with the minimum return loss of —54.07 dB.
Tuning the resonant frequency of the antenna
by using the feed point and short-pin technique
provides an effective solution for 2.4 GHz
bands. This work can be developed using the
short-pin technique to be a dual band antenna
operated at 2.4 GHz and 5.2 GHz, respectively.
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Abstract—In this paper, the design process of an
annular ring microstrip antenna using graphene
material for dual-band applications is proposed.
The microstrip antenna is modified using
graphene-based annular ring microstrip layers
for patch and ground plane with FR-4 epoxy
substrate in between and simulated by the
EMCoS software. The design process applied the
short-pin technique for the estimation of the
return loss, which leads to the analysis of the
resonant frequency and the dual-band directions.
The evaluation shows the acceptable performance
in the frequency range of two resonant positions
with the return loss of -29.33 dB at 2.4 GHz in
ISM-band and the return loss of -39.49 dB.at 5.3
GHz in C-band. However, the modified antenna
offers several advantages such as low profile, low
cost and small size (40 x 40 mm?).

Index terms—dual-band, annular ring microstrip
antenna, short-pin technique, return loss.

I. INTRODUCTION

Microstrip antennas are essential parts of
wireless communication applications [1]. There
are lots of benefits such as inexpensive,
lightweight, small size, and easy to design
[2]-[4]. The structure of the microstrip antenna
can be arranged into three layers. It consists of
patch and ground planes which are divided by
dielectric substrate [5], [6]. The microstrip
antenna comes in many different shapes such as
square, triangular, circular, elliptical,
rectangular, annular ring, etc [7]. Especially, the
annular-ring shape receives much attention
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January 15, 2020; accepted March 5, 2020.

Corresponding  author: ~ R.  Kaewon  (email:
kaewon_r@su.ac.th).
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from many researchers because its fundamental
mode  is smaller than the circular and
rectangular shapes, which allows operation in
TM11 mode [8]. Nowadays, the annular-ring
microstrip antenna is normally used for high
bandwidth and the lower resonant frequency
compared with other antennas [9]. According to
these features, the major application of the
annular-ring antenna is to deliver the
information with compact size and low profile.
The increased demand for multiband antennas
due - to the rapid growth of wireless
communication leads to the development of the
dual-band antenna which can operate with more
than one- frequency at a time. This is
advantageous to many applications such as
ISM-band applications and radar applications
operating in S- and C-bands [10].

The dual-frequency microstrip antennas was
first studied by Yan et al. They presented the
microstrip antenna fed by a coaxial probe
technique, which designed for wireless local
area network (WLAN) and worldwide
interoperability ~ for  microwave  access
(WiMAX) at the frequencies of 2.45 GHz and
5.25 GHz [2]. Later, Guo et al. [11] presented
the selective dual-band circular microstrip
shape using T-slot form to operate at the
frequencies of 2.44 GHz and 5.5 GHz in ISM
band and C-band applications. A compact dual-
band microstrip antenna with a circular ring was

Antenna VLab. The authors would like to thank Silpakorn
University Research, Innovation and Creative Fund for
scholarship.



also studied by Gan et al. aiming at the
frequencies of 2.45 GHz and 5.3 GHz [12].
Another work by Katore et al. [13] developed
the dual-band microstrip antenna for wireless
applications in the frequencies of 2.4 GHz and
5.2 GHz. In addition, Chen et al. [14] simulated
a dual-band patch antenna using an array
method for wireless communications at 2.4
GHz and 5.8 GHz bands. As aforementioned,
there are many alternative ways to build and
tune the dual-band antenna. In this paper, the
short-pin technique has been proposed.

The short-pin technique has been applied in
many works since it can be easily used for
tunning to the target frequency and increasing
range of bandwidth [15-19]. « The - dual-
frequency triangular  microstrip antenna
developed by Pan et al. [18] also used the short-
pin technique tuning for the frequencies of 464
MHz and 2,276 MHz bands. Phonkitiphan et al.
[19] offered the design of the graphene annular
ring microstrip antenna by taking advantage of
the short-pin modification to adjust the resonant
frequency of the antenna to be 2.4 GHz.

Currently, graphene material has been studied
and developed in many works since it is
adaptable to numerous applications [20]. The
basic structure of graphene material composes
of two dimensions of carbon-atoms in. a
honeycomb lattice, which possess great thermal
conductivity, electric conductivity, mechanical
properties and - biocompatibility - [21]-[24].
These properties are mainly beneficial for
antenna applications. Therefore, the graphene
material is normally employed.in the microstrip
patch antenna instead of copper because. it can
handle a repetitive warping deformation [22].
This is corresponding to the research performed
by Xia et al. [23]. They mentioned that the
graphene-based films have high conductivity
compared with the copper material of the
rectangular dielectric resonator antenna, which
was suitable for RF devices. Works by Song et
al. applied the graphene-based films for
microstrip array antenna to design for RF
antennas with a distinctive performance, low
profile and high flexibility [24].

In this research, the design process of a
graphene-based annular ring microstrip antenna
for dual-band applications based on TM11 mode
is presented. The short-pin technique has been
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applied to adjust the antenna size and tune to an
optimal frequency for the ISM band and C-band
using the EMCoS software to simulate within
the form factor design.

I1. ANTENNA DESIGN

Fig.1 illustrates the structure of the graphene-
based annular ring microstrip antenna. This
design has been developed from previous work
[19] for dual bands. Its structure consists of a
patch and a ground plane with a substrate layer
(FR-4) placed in between. The graphene
material has been used for the layers of patch
and ground planes, which has conductivity (o)
of 1.94x10% S/m. The thickness of each layer
(tg) is 25 pm.

The antenna size has been defined at 40 x 40
mm? [19]. The relative permittivity (e) and
thickness (ter-4) of FR-4 substrate are 4.4 and
0.5 mm, respectively, with the loss tangent at
0.02.

‘ Patch

Substrate

Ground plane

!

Fig. 1. Schematic of the graphene-based annular
ring microstrip antenna.

Feed

The inner (a) and outer (b) radii of the
antenna have been calculated along Xx-axis
aiming to the first (fi) and second (fsr) resonant
frequencies at 24 GHz and 5.3 GHz,
respectively. The constant property (K) and the
inner radius (a) can be calculated by

9
« _ 8791x10 "
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The outer radius (b) is then given by
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where A1 is equal to 1.841 in the case of TMy;

mode of an annular ring characteristic [12],
[25].

The outer radius (b) is evaluated using (3) at
the first resonant frequencies (i) of 2.4 GHz to
support at TM1; mode.

According to the above equations, the
calculated results are a = 8 mm and b = 17.5
mm. These results were set as a preliminary
design to find out the suitable parameters for
achieving the frequencies required. Later, the
feed point (f) and the short-pin technique (S) are
employed with respect to the target resonant
frequencies of 2.4 GHz and 5.3 GHz.

I11. SIMULATION AND DISCUSSION

EMCoS software (EMCoS Ltd., Thilisi,
Georgia) was employed to simulate the antenna
design aiming for the resonant frequencies of
2.4 GHz and 5.3 GHz. The return loss (S11)
describes the input electromagnetic power of a
reflected back signal, which measures the
amount of power returning to the analyzer on
antenna port. It is an important parameter to
achieve the antenna yield. This parameter
should not exceed -10 dB to ensure that the
antenna works efficiently with high radiation
and clear propagated waves [26]. Another
important parameter is bandwidth (Bp) which is
simply known as a percentage of the center
frequency [24]. Bandwidth can be determined

by

B,= fy f_ " 100% (4)

C

where fy is upper frequency, f_ is lower
frequency and fc is center frequency.

The preliminary design parameters (a =8 mm
and b = 17.5 mm) obtained from the previous
section were simulated by EMCoS software to
observe the return loss of the antenna as shown
in Fig. 2. The resonant frequencies were still at
1.4 GHz and 4.6 GHz with -35dB, and —-12 dB,
respectively. This result does not meet the
requirement.
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Fig. 2. Return loss of the antenna using the
inner radius (a = 8 mm.) and outer radius (b =
17.5 mm.) as calculated from antenna design.

The resonant frequencies in Fig. 2 did not
meet the expected frequencies (2.4 and 5.3
GHz) due to improper radius (a and b) applied.
Then, the radius of the antenna was varied to
observe the change of the resonant frequency.
In this step, the short-pin position (s) and the
feed points (f) were fixed at —12.75 mm and
12.75 mm, respectively. The outer radius (b)
was varied from 12.5 mm to 16.5 mm with a
fixed inner radius, a=8 mm. The results show
that the resonant frequencies decrease with the
increase of the outer radius as illustrated in Fig.
3.

According to Fig. 3, the first resonant
frequencies (fi) of the outer radius b = 13.5 mm
and b = 14.5 mm were 2.2 GHz and 2 GHz,
respectively. ~Although the first resonant
frequencies (fr) given by b = 13.5 mm is closer
to the expected frequency (fr = 2.4 GHz) than
that given by b =14.5 mm, the second resonant
frequencies (fsr) given by b = 13.5 mm is not
applicable. So, the outer radius b = 14.5 mm
was chosen instead even though its second
resonant frequency was still at 5.4 GHz. In
order to reach the expected frequencies (frr=2.4
GHz and fs = 5.3 GHz), the inner radius (a) was
varied from 9 mm to 12.5 mm by fixing the
outer radius at b = 14.5 mm. The results show
that the first resonant frequency increases with
the increase of the inner radius while the second
resonant frequency remains steady at 5.3 GHz
as shown in Fig. 4. Fig. 4 shows that the optimal
inner and outer radius of the antenna are at a =
12 mm and b = 14.5 mm, respectively. The
resonant frequencies of 2.4 GHz and 5.3 GHz
can be achieved with the return losses of -28.74
dB and -27.69 dB.



In order to improve the antenna performance,
the return loss has to be minimized using the
short-pin technique. The feeding and short-pin
positions are varied along x- and y-axes as in
Fig. 5. The distance between each point was set
to be 0.25 mm.

Fig. 3. Return loss of each outer radius (the
inner radius = 8 mm, the feed point = 12.75
mm, the short-pin position = -12.75 mm).

R e

gl

Frequency [G

Fig. 4. Return loss of each inner radius (the
outer radius = 14.5. mm, the feed point = 12.75
mm, the short-pin position =-12.75.mm).

O Feed point position @ Short pin position

Fig. 5. Diagram of feed points and short-pin
positions on graphene patch antenna [19].
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Fig. 6. Return loss at different feed points (the
inner radius = 12.00 mm, the outer radius =
14.50 mm and the short-pin position = -12.75
mm).

In this process, the inner (a) and outer (b)
radii were fixed at 12 mm and 14.5 mm,
respectively. The feed point (f) was varied first
from 12.25 mm to 14.25 mm with the fixed
short-pin_ positions (s)= —12.75 mm. The
simulation results are in Fig. 6.

The return losses can be minimized from
—28.74 dB to —29.17 dB at 2.4 GHz and from
—27.69 to —43.82 dB at 5.3 GHz when the feed
point is-at12.25 mm as shown in Fig. 6. After
that, the short-pin position was varied from
—14.25 mm to -12.25 mm with the feed point
fixed at 12.25 mm in order to obtain minimum
return loss. The simulation results in Fig. 7
shows that the optimal return losses of —29.33
dB and —39.49 dB can be obtained at the short-
pin position of —12.50 mm and provided
sufficient bandwidth at 30.23 % and 7.35 %,
respectively.
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Fig. 7. Return loss of different short-pin
positions (the inner radius = 12.00 mm, the
outer radius = 14.50 mm and the feed point =
12.50 mm).
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Fig. 8. Simulated result for the dual-band of
the microstrip antenna.

According to all simulation  results, the
optimal parameters are the inner radius of 12.00
mm, the outer radius of 14.50 mm, the feed
position of 12.25 mm and the short-pin-position
of —12.50 mm. The form factor of the antenna
design can support 2.4 GHz and 5.3 GHz bands
with the return losses of —29.33 dB and —39.49
dB as shown in Fig. 8.

The patterns of the dual-band antenna are
shown in Fig. 9 and Fig. 10. The directional
radiation patterns at 2.4 GHz and 5.3 GHz are
both directional shapes in the XZ plane.

The variation of the inner radius, the outer
radius, the feed point and the short-pin position
has an influence on the return loss, bandwidth
and the operating frequencies of the antenna.
The output results of the designed antenna are
then compared with the previous works as
summarized in Table I.

XZ Plane
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Fig. 9. Directional radiation pattern of 2.4 GHz
in the XZ plane.

XZ Plane

Fig. 10. Directional radiation pattern of 5.3
GHz in the XZ plane.

TABLE |. SUMMARY OF THE ANNULAR RING
MICROSTRIP ANTENNAS.

Parameters
Resonant
Research :
frequenci | ..
Sll (dB) es q Slze (mmB) BandWldt
h (%)
(GHz)
This -29.33/- 30.23/7.3
work 139,49 24/53 |40x40x5 |2
-16.33/-
[2] 1966 2.45/5.25 |63x86.6x1.6 |<5
[20.96/-
[12] > 623 2.45/5.3 |160x160x0.8 |2.61/ 2.02
[13] -24/-27 2.44/5.25 26'7X24'7X1' 2.46/7.62
[14] ~-35/-30  |2.45/55 |142x98x6  |4/12.73




Compared with others in Table I, the return
loss of this work is quite low (—29.33 dB at 2.4
GHz and —39.49 dB at 5.3 GHz) which ensures
that the proposed antenna can efficiently
operate in an acceptable range for sending the
information in ISM bands and C bands. This
work shows that the target frequencies of 2.4
GHz and 5.3 GHz can be reached with a
compact-size antenna of 40 mm x 40 mm x 5
mm by using the short-pin technique.

IV. CONCLUSION

The design of a graphene-based annular ring
microstrip antenna using the short-pin
technique is presented in this work for dual-
band applications. It can operate in the range of
frequencies from 2.02 to 2.74 GHz and 5.02 to
5.4 GHz with the minimum return loss of
—29.33 dB and —39.49 dB respectively, which
is suitable to support wireless communication
devices of ISM band and C band. Using the feed
point and short-pin technique provides an
effective solution to achieve the desired
frequencies while keeping the antenna size as
compact as possible. Finally, our design is
optimum for dual-band frequency range
between 2.4 GHz to 5.3 GHz, that it was
developed from single band at 2.4 GHz [19].
Continuously, it can be modified for serving
many of frequency range such as 2.4 GHz in
ISM-band [19], 3.5 GHz in S-band [10], and 5.3
GHz in C-band [10] with triple-bands or wide-
band, respectively. In case of improvement of
the user flexibility to cover multi-band and
wide-band microstrip antenna design will be a
challenge for the further work.
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