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$raesuazHaN1IIAABUTNTIANA (Bandwidth) st -6 dB AsUARuENUATMARILS
467 MHz i3 1012 MHz AaiduiUefidud 73.6% lnefiduseansaimnisuninszaneniy
11NN 90% Famsngaufunisldaussuy DVB-H/LTE13/GSM850/900
Keywords: a1g81n1e; @neaniailed; angainiauuianltadianssnuuvén; aeainiean
YUIN; AOINARAUANNENTI

Abstract
This research presents a miniaturized wideband meander line antenna (MLA) using a
magneto dielectric (MD) material for mobile-device applications. The proposed MLA
attached the lower and upper ground planes of the folder-type chassis, connected
electrically by grounding strip. The MD material (Eccosorb MF-124) was subsequently
loaded onto the coupling-element area of the MLA. The MD-laden MLA was ultra-
compact (10 mmx25 mmx1 mm), with the electrical size of 0.015Ax 0.039Ax0.0015A
at 470MHz. The surface current distribution was simulated to determine the optimal
parameters of the MD-laden MLA. To verify, a prototype antenna was fabricated and
the experiments performed. The measured impedance bandwidth (|S;4|<-6 dB) covered
the frequency range of 467-1012 MHz (73.6%), with an omnidirectional radiation
pattern. The radiation efficiency was in excess of 90%, rendering it suitable for the DVB-

H/LTE13/GSM850/900 applications.

Keywords: antenna; integrated antenna; magneto dielectric antenna; miniature

antenna; wideband antenna



Executive Summary

1.1 anuduuwazanudaifgyvasdaym

1.1.2 anudragvasdgnn

Hagtunisdeanslianeldgnitmunaniaga 36/46/LTE wazindayslugen 56 lu
ounandulnd gunsaldeansinangnitmunlitivuradnas Siladdunnsldaunannaiann
fu Foifu lumdfeliniauemseinmaasuuiafiannsnaseunquarud Tuszuulnsviad
Ainoa DVB-H (470-862 MHz) 55 UU LTE13 (746-787 MHz) wag GSM850/900 (824-894

a

MHz/880-960 MHz) sasteliludaidediu dalassairavesangoniaiiiiaus uanssiagy

1.1

/ The number &N of The total length of
M=l meandering tmns  jg  grounding stip (fg)

1 = T
2
3

The junction between feeding saip
al coupling element (Jfg)

Feeding point

JUN 1.1 lnseasavesangenie

1.2 m'majs‘i‘vimﬂLLazi'quszmﬁﬂlmmiﬁn‘le}'l
Lifleeonuuuasoiniadiniussuulnsiminanoanuunnny (DVB-H) ssuulnsdwiiledie
§1uA0E LTEL3 waz GSM850/900

2. fiothiausisnisnsasuuinangennAfendnnns Meander line waz Jangmusesladidn

a 1 [ ° U U c A
p3nudman amsulnsinidens

1.3 YaULYANITIVY
1. Anwmgufn19599nl UL Integrated Antenna fulnsdnyidiada
2. Anwanguiateeiniaanvuinlaeldinaiin Meander Line wae Magnetodielectric

Substrate



3. ANW19DNLUULAZT188INITITADIANN) VOIANUDINIA LTU LUUATIAS DRTIVEE LU
sUMIsUNsnIEERAY UstAvBammnisuninsyaneadu

4. 9onuuulasiadaariinsvinansenusensiwesane e nlassaiafivunzauves
a1u91n1A

5. @5 19LASNAADUAIEDINIFRULUY

6. 31Tz azLUTBUBUNAN1TINa03LasNaNISIAdD U

7.a3UNanT3y wazwnmslunsiausesenaidslusuian

8 dnaussuAdoiodiulugiudeyavensansivins Scence Citation Index (SCI) ¥4
Web of Science

9.490¥115189UUALANNSIVY

1.4 51922128AVDIIIUIY
MATeinvaiiomeendu 6 unaadl

o w

unil 1 namismnuduinuazanuddnuealiom arusaansias ingUszasdued
5N nguivteuanaAeililumside veuwanside uasoaziunvossmite

unil 2 nanfmguiuazndnnisvesinsvieissuuiinea DVB-H seuu LTEL3 way
GSM850/900 MuAdefifiunneudmiuaiseainia Integrate Flannniwazauddefiduineu
dusvansoniasudynansiirlseuuRinea DVB-H szuu LTEL3 wag GSM850/900

unil 3 namanguiuazvdnnisvestangiusesladidnainuiivan uazsmAdein
roudmiuameeinaiily Magneto-dielectric lutangiuses

unil 4 nETeNNTERNLUY MIIATIENTTne T auvesaeeINe Lagyh
MAATIEAIRAENYAILA1S 9 Y8sEEINTA IAYIEUINMITAIIAINANLITIVEIEER N
Bugu wiothailganismuinlvinszdimdone@nunaziinsesinisfimessng q uay
yhmsufuBsulasaimesaorna delfmeenmalidasauidaus 470 83 960 MHz
nazdnuugunsunsnsEeRAULUUTeUTImInaeng A ATTY

Uil 5 namiensada vedeuLarInTAiNANTAGEUAEEINA

unil 6 ﬂa"nﬁﬂmsaqﬂLﬁamﬁuaﬁmmﬁwué Yoyt Tuveuuamenis Ane

Aunsunisiauinuidese lulusunan

1.5 a5UnauIY
a v dy o Yo a a 1 [ (] [ oy
mAdpldnaueasonAansuslagldianladidnasnuimandmivaunsaldeans

LPABUN LAENITUNATAN LT IUNITANVUINEIEDINTA 2 FTN1TUINI9IUSIUAUAD tnATlA



Meander Line waz Yangiusasladianasnuiivnan lassadsvasaizainialssnaunies
unsnsznemaudsldvaia Meander line (MLA) TNOYUUYDUANVBITFUIUNTIUARIUUY
v091Assassrdnd Wy Feszurunsnsiiuuuaziuadeuseudululasansy dw
unsnsEaeRdu MLA gnansiiusneagladidnainuimén (Eccosorb MF-124) angeinied
DONLUURYUIANIINIEAIMENUINWIIAY 10 mm x 25 mm x 1 mm Aseilvurnnelaii
Wity 0.015A x 0.039A x 0.0015\ TneAnfieuiianud 470 MHz ageniefidaueiuuy
gﬂmsLst'ﬂizmsJﬂ?iumeauﬁﬂmq HANITENA0ILAZNANITNAGOULIINT19IAIINE
(Bandwidth) f1n91 -6 dB mamqu&immmﬁ&gum 467 MHz §is 1012 MHz Anvdu
Wosidus 73.6% Tneilanuse @S nmnisunsnszatsaauunnnii 90% dumnzauiunsle
31USEUU DVB-H/LTE13/GSM850/900

1.6 wuanglunmsiawiiasaniuIdeTuauian
panuUUaILeInIadmiudoaisszeylngd (Near Field Communication Antenna:

NFO) LiisAandnly delinoulanddmiunsussgndldanlutlagiunagounan dsgunsal

Aoansiadeudl axdiflsifunsldauiessuy Far Field way Near-Field Tudfieatu fauan

Tuguil 1.2

Near Field Communication (NFC)

—

- Al R
e Mobile Devices

Radio Communication

Passive
-

/~  Target
14

Indicator NFC
Device ))) (( Enable

[_Terminal_]

/
~ 7/
~ s

Ferrite sheet S———
Exchange Info Securely

Far-field antenna.

Ferrite sheet Mobile Contactless Payment

eAdded Convenience
ePayment Security

Metal cover

SUM 1.2 Lumemsiusieyenaiy

Vi



uni 1

UNUI

1.1 anuduniuazannudrAgyvasdymn

1.1.1 syuudeansdmiugunsalinfoud

Haqunsdteanslimelagnitaumnniagn 36/46/LTE wazidwislugyn 56 Tusunan
$ulnd gunsaideansinaggnitaniliiouindnas Sedfunsldaumanmaenniu fadu
TunmAteiinhiauemeemaanruiafiaunsaaseunquanud Tussuilnsimininea DVB-
H (470-862 MHz) s¢uU LTE13 (746-787 MHz) Wag GSM850/900 (824-894 MHz/880-960

MHz) s2as A TudRed Ty

1.1.1.1 Wnsviddszuunldneadinsudsswmalng

[ |

TudszmelneliusemaEuianisineiml defioldifinnuddydeirsugia
wazdsauagaunn esnnidunngududdnlunsadifedasnmmedunisdomslung
s wazduresmdumsdstoyaiifiarudndulunsisedin uazunasesnumyjinn faaz
FulFmadslonifanintunnnsuslnadeyat nansitviuas suaansetelidsaugn
Fuideululslaniss wadsdy

TngRanstnsvimivesusemalng Fueenenasyuulnsvimivne ile a.a.
1955 uagszuulnaviaidlud a.a 1967 SsanunsounininasounquiiUszine deifunig
Wanwmaluladnsiadszuuianea duilnuddun Tudunswauussansamnisly
ningnsadunruiingliduaaindeiu lnemeluladszuuidneaaunsnooneinield 8-
25 494318073 #99INTEUVUIABNTIaIN TN A mIALEs 1 Yee91en13iev9AId
whitu seiiSsanunsafudanfidielnl 9 uazenueudalusziugs Turnefiannislindsany
vosUszmAaslua LAYy LWiwzizUUﬁaé’@mmeLazm%a%’uimﬁﬁﬁiswa%mmfu
Uszudanisldndanulnihdiniissuveundonagisnn [1]

Hafuvesnsuszavanuduiavesingiimissuudinea dudenisimun
umspulnsviemiszuuianea Weliduinpsgulunsdsdygaeeneniadmivaniiing
nsvie uazlfidunmsgulunsudndudluaiagramnssy fadwalaonsaeussynuuls

saa =

lasuusnsinsviruiliaun Aty Tanuaudnau J91muYessensiuy wavdlenial

q

LLADNTUUS NS MIEINHTINUAINUABINITUDIAULDIUINTITU



Aannsinsimivosdsznalneldaduaiuiaaiiuiu wudldidu 3 ga
(Generation) Ao gafl 1 e galnsvimivn-i (a.a. 1947 - 1967) yadl 2 Ao galnsviald
(A.f. 1967 - 2014) uazyafl 3 Ao yalnsvimiszuuAinea (aa. 2014 Wudily)
Aamstnssimdlugai 3 10ugauianisiammalulagnieiiunisiv-ds
dyradnsiiad AeszuuAInea ﬁﬂﬁﬂizaw%mwLLazﬂmmwﬁsﬁuum lesandinaile
Wannmssu-dsdyaralnsimissuuadnoaivannuany felugaEudureanisvasusude
(Convergence) n155u-dedyqurailnsiim szuudinea fe nsdsudyyiaidowas
dyarauninanndyeyraeudenlimdusiadyyruwuuiinea wagviinisdsainaaiilds
Fuaradnsiim Fameduesessudyaainsiaidanusndudesinisoensiadyya
wuuRdneadinanduundudygiandanazdygianimiieliadessulnsiedaiuise
LansAdsLaznnTidanld Fedmifinnuusndnstuegisdnauseninanisu-dedyy o

o s v [

Insviad AreszuufaInea Aun1T5U-dedyralnsviaml areszuuauiann Aon135uU-as
dryeyraulnsvie 51”;aizwa%maaﬁ@mmwmaaé’mmmﬁﬁﬁﬁumﬂ finmaudaduann anIUNIY
tonas Liifinduunsn wionisazviou (3] YagtuuinsgrulnsiimissuuAdneaiianaiw
InspuuIANsznIUsziva (ITU) 1in195U509dl 5 550U Ao SeUU ATSC DVB-T ISDB-T DTMB

uay DVB-T2 faguil 1.1

1996 2000 2004 2008 Now 2012
1994 | 1998 I 2002 i 2006 I 2010
] 1 1 1
1%t Generation Broadcast Standards
ATSC  O—th—
996
ISDB-T O—+—k—1 .
1998/10 200312
2001 CIP 3905;’32007112
pveT O ) 3=y |
1993 1997/3 | 1998/11 2 Generation Broadcast Standards
1 ] i
1 1 i
V-T2 O~k —+H——
20063  [20086 g4y

UM 1.1 1msgrulnsvirdssuuaineadnanaminsauuauseniausewmea (TU) [1]

DVB-T2 %39 Digital Video Broadcasting-Second Generation Terrestrial
Fﬁammgmﬁaﬂﬁmi Digital Video Broadcasting Project (DVB) U5uU3991n11m5§7u DVB-T
1wl A 2006 Wumsdwmaluladnsnandygratazmsidrsianuulndunlddsdey gy
UsgLanides '351@LLazsﬁagaﬁﬂssﬁw%mwmmﬁuﬂi1 DVB-T Uszanad 1.5 i1 eannidlag
T¥pdueudouin 8 MHz %ﬁmmaﬁaaé’@mmqqqm 50.4 Mb/s a’lu’]iamif\r{iaﬁwﬂ’]i

Insvimiun@lauszuna 25 ¥a3 szuvilisuldeuasenunt a.a. 2010 Jagiuliussinanly



$¥UU DVB-T2 Uszana 38 Uszimavilan Tasduviladuusemadildszuu DVB-T oguduay
Usuaeuluilu DvB-T2 Feiluszavsnmlunisldnduamuininndn Sndwmiladuuszimne
fdsusiuluginssimiszuu DVB-T2 Taomss FsnswdsusnuainsyuuInsiimioundently
sz PAL lgsyuuiinea DVB-T2 fifunasgiuvesylsumileudu Aanunsasilddouas

<
30637

1.1.1.2 S¥UUWAgEN3
sruuwadgarsilussuulnsdniindeunnimuiduuliuinseuaquivug
14 g di, d‘ Y a ! ¥ 1 IS d‘d L ¥
N190INTU aunsavereunliusnisungly wu luwsdewatidainudenisly

InsénsipdaunluuSunamn ssuuwagand duldnannisinnaaiessudeing NAndad

Fs <@>
Fi F,

JUN 1.2 dnvaiglassasnavessyuuiagans (2]

'
A 1 =

NFUN 1.2 UanelAsaasevenAzolIussuuwagaisusiasivadasiioudai

[y = -

fu Paudaziwadiisaiinimisuauluegiuniseanwuuiddedyyiannindedayy o

]

Welviaennadesiunisidauvesgldnulunuiliuinis adinisldauunnwadaziinisiiy
Smilvodusazigadazanad wazansidlnsdniiwaganiivesdnniueadanaisailvausiag
waAMIY U1nIgIuvessAliitan 250 wns 89 30 Alawns legliiamudiunndaduiie

Uasiunisunsnasnvesdyaruninunlnanu

16 IS

FIN15FRATVRITEUUTARA T RN 9ABL BT FeaziinsUTuUse

Y

ANEINTAtUNITTRSUNTSARANsTaYaTIIUTIIANININTY ANTINEITuNISSY waznITds

¥
= =

Toyavnasesldiuseuugagaslaungadu saudernuaunsalunisusendandsanuves



PINNAIUVDITEUUAT bazhAIe95 Ul UYL AU Aa1uNSakannaluladn1sEaaIswuy

LgAgans ARemIseN 1.1

A5197 1.1 UARINASEIUANIY VB9SEUULIARANS GSMB50/900 wag LTE13 (746-787 MH2)

Downlink
Uplink (MHz)
Frency (MHz) Channel Equivalent
Band (Mobile to
(MHz) (Base to number LTE band
Base)
Mobile)
T-GSM-
810 806.2 - 821.2 851.2 -866.2 dynamic 27
810
GSM-
850 824.2 - 848.8 869.2 - 893.8 128 - 251 5
850
P-GSM-
900 890.0 - 915.0 935.0 - 960.0 1-124 N/A
900
E-GSM- 975 - 1023
900 880.0 —915.0 925.0 - 960.0 8
900 way 0 - 124
R-GSM- 955 - 1023
900 876.0 —915.0 921.0 -960.0 N/A
900 way 0 - 124
T-GSM-
900 870.4 -876.0 915.4-921.0 dynamic N/A
900
LTE-
700 777.0-787.0 746.0-756.0 51uay 10 N/A
13

felufitasinausluduesszuy GSM850/900 uay LTE13 Fadudrsanui
ndnlunuidvatioil

35UV GSM 850/900

GSM %38 Global System for Mobile Communications ﬁ'juﬁaﬂummgm
voamaluladlnsdwislofion lasuauienlutlagtu sesfudlderundn 2 Wudruauimlan

Ao 84.2% vesiiofiovnlan Mdddldnuliodewmudnnuudmuitludszmedy 1nnd

al 1

370 a1uAY UsenAsaldy unndn 145 auau Useinasuie 1111 83 a1uAu wasUseing

v o

ansgeLusni 11NN 78 a1uau GSM dullnalulagidadiniudesdyyaunivaunay

A =

dryaraundssiuu Time-division multiple access (TDMA) Fsfipandulnsdniiedolugn

]



d03 W30 2G el nsaIsrULTuluBntunils aglinnsnuates 3rd Generation
Partnership Project (3GPP)

3%UULDAID (LTE - Long Term Evolution)

SEUUWeaTia (LTE - Long Term Evolution) #alasani1sszuudadns
Inséwsidlodo Taofidmanglddiauaunsaduiudoyadifvss Ansamanntu safy
Uinaayanand weafidilad Tufudl 14 Suneu 2552 lneamnfafnainssuugdui
0@ 99953UU 3G tasiiauanunsannilvanligedis 100 Mbps Aausidulnan 50 Mbps
wazlarindt 10 ms lneduvudinseglutisseninedas 1.4 MHz 89 20 MHz Tag LTE (Ju
waluladwilsiigminmaasdddluga 46 neiRnananusanileves 36PP Tasfieuannsa

v aa

Tunsdecnedeyauariiadfieluguuuvaniufisniiannusegnaos 100 Mbps - 1 Gbps

[

1.1.2 anudravastdam

v v
¥

Avnistusvimdduiieladndufanisidianuddysoiasugiatazdinulagsiuves
Uszwaduogaunn Wesanndudenidvsnadeuszvuluransdiu 99 anudn Aule
a Yaa A | v ¢ aa = ] aa
WeAnIIy war n1slETIn nmsdsulugnsviadssuuilneadedimalaensaionunniinues
Uszrvy 1NANNEINTalunsidiaeyarnasivanateinndwu iliian1siau
v [ ! a £ ! [ IS d' A a a [ %

mamuaalueg audn anudiladediauniguen wazilonianazidenludsinsaiu
£% a X o r-ﬂ' v faa 1% @ a o
ANNABINITVRIRULEINET Tudagtumsdeaslussuulnsvimiadnaalanateududadn
wraulaundwsunisldnuivaunsaideansliiaenis q degiugu peuRiamesvlannnn
Insdnvimdeunivinlutiserunivuziadoud dusunisldausenandndudedinisimun

[V Y]

awernaiiasudygialuszuulnsviaiflneanane LilsaanufoInIsaweInAnd

[y v

< 1a o = fa sa 1 =g v & |
YUINLAN LWWIﬁ']ﬂEUﬁ’]?JE)’]ﬂ’]ﬁﬁ]%G]ENNLL‘UU@I'J@]ﬁ‘Vlﬂi@‘UﬁﬁjN@a@@ﬂqu@jqﬂﬂlﬁﬂqumﬁLLG] 510 MHz

<

§3 790 MHz va9n15deansiussuulnsvimifdneanie Ussinalnalaiiuinsgiu DVB lngld

a v A=

g1uANLAAIE 470 4 862 MHz TusuAdelidslaiaueaseinasudyaulnsimiss uu

ATINDALUUNNNITIATEUARNEIUANAMINAT Manandlaseas1avesmeeInARaun 1.3



The number Vof The total length of
meandering twns  peg grounding strip (i)

] —

The junction between feeding soip
and coupling element (f5)

Feeding point

5UN 1.3 lnseasavesangenie

1.2 m’majwmﬂLLaziﬂqﬂszaﬁﬁ%mmsﬁnm
Lifieeanuuuagainiadmiuszuulnsvieiiineawuunnnn (DVB-H) ssuulnsdwiilede
g1uA0E LTEL3 waz GSM850/900

2. \fienauniEnisnisanuuInaeeInAREnann1s Meander line was Jangusodladian

2

A3NWMAN dusulnsdnsidiane

a A a o a o

1.3 nguuIanuIANAnnldlun1side
Nl naveameonranvalagliianladiana3nudndndmiugunsaldeans
WABUN 1AYNITUINATANLTIUNITAATUINAI8DINIA 2 FTNITUINNIUTINAUAD AL

[

Meander Line tiiotfinvu1an1glndinadinsauinnianignn LLagaﬂLWﬂMﬁﬂﬁﬁ@ IR

q

susadladianasnudmdniieanvunaseinidliluuisaniing

1.4 YBUANITIY

1. Anwmgufn1599nluy Integrated Antenna fulnsdnyidiads

2. Anwinqufatseiniranvuinlaeldinaiin Meander Line kay Magnetodielectric
Substrate

3. ANYI0ONLUUKAZTIADINITITLADIAII|UBIAIEDINTIA LU LUUATIAS §RT19878 WUU
sUMsunInsEaNeRaY Ustavsnimmsuninsyanendy

4. gonuuulasiadauasdinsginansenuserniweiaaiemiasiadafiuauves
a1891n1A

5. @5 LASNAFDUANEDINIARULUY

6.34A51E VAL US HUMIE UNANNTI1ADIMAY AN SNAFD U



7.a3UNam T wavkwimdumsiauisegenaideluauian

1.5 579221280V IIIUIAY

1Y

mATeatuiulailemesniu 6 undsl unil 1 namieudunuazauddey
yesdlgn AnutjneuayIngUsrasAueenisfing nouivienuaudnildluniside
YaunMsIte Juneuvein1inu ez A SunvosuITe

unil 2 nanfanguiuagndnnisvesingvimissuuinea DVB-H szuu LTEL3 uae
GSMB850/900 MuAdefifiunneudmiuatseainia Integrate Flannniwazaddefiduineu
dmsuaneeniasudygralvsvialssuufdnea DVB-H szUU LTE13 wag GSM850/900

unil 3 namanguiuazvdnnisvestangiusesladidnainuiiivan uazsmAdein
roudmiuaeeinaily Magneto-dielectric lutangiuses

undl 4 nanEInNnTeRnuUY NMFIAIIZINTRiwes TN AN IEERINA WagY
NFIATINRAINANWULATN 9 VBa8aINA TA831 NS ALIMNATINETIVESENE0INA
Sugu Wethadildamsmualiinszt wieuidnvuazinszimsineses o way
Fmsusuasulpseadievesansenna eliaeoinativiseuisus 470 8 960 MHz
LLazﬁqug‘umnms'mzmEJﬂﬁuu:uuiauﬁﬁmqmaamhummﬁi%’mu

undl 5 namiinisadne neaeuLarInsainaaIee1ne

undl 6 ﬂﬁi’nﬁamsaqﬂlﬁammaqmu%%’a Jymidedu sauvauuInenisine

Ansunisiaiuinuidese lulusunan



2

=b.

Un

%

Uynuazarulaeniunnay

2.1 uni

1uuw5%adnﬁﬁzym w&nN15 wazuiseiifedesifiundeouvesnisdeans
nsvirnifdnealuszuy DVB-H szuu LTEL3 way GSM850/900 Taaisuandyviuaruuifn
sUBUULazRULAInSURIlnsiAdsT vURTRaalulstinelny AnauTRvesiaTosTudny g n

IMSYAUSEUUAINDE SIUD9 S2UU LTE13 way GSM850/900

2.2 Ugynuaziulfn

Hagtunisdoarslianelisuniswaunlunainuatsnisldem fanrsiamund
guUnsaluaziulusunsunsldan lnslanzeunsaldeamsindeufimsazivuiansiingn 3
sansnsndunaiuldodiadanuin gunsaifieandnanalugandsy suazdanuaise
yuIAnednda tmdniuas vieas fedudaduiiinvesuidefitiaue Tunisesnuuy
a1891N1AaAYUIAGIMTU DVB-H 429A2u8 470-862 MHz waznislderuluszuy

Insemyiilofauiuanud LTEL3 929A148 746-787 MHz Lag 1uma1ud GSM850/900 474

o v & a v

ANUA 824-894 MHz W 880-960 MHz maid1sy Gefinuvimigegaunnluniseeniuy
awe1naliaunsafdivugUnsnidoansiifdfiuiisdalidassosdunisldauuasas
Usgavnmnsldauiifed dsdiuioniianfiensdnnsesdusznevvesanenniaiinanmd
i Tufitagiugiennud 470 MHz feflanusmeduiledisusueiniaing e Jo 71 64 cm
Baflnalngjann Weidlsudvunelaesmvesgunsalinlulutlagiu
frfulunuideetiuifalfiausuumenisesniuuasoinimanuiakazinala
Tngsjatfuluiimsussgndldanduinsdwidede dslulonansénadsi [2) diiausiBnnsan
yunageMAlagnsUsudlangiilovilAnnisneuauestisaudinisdmiunsldau
DVB-H luyaziiviaslang azvimihfiusuanuding Afanusumegsiissey lo/d 91nqn

Houdaara lutenans [2] dnauedeoiniauuy 4 wese lasamisaldeuldnamun
9 frapmddmsunsldeulnsiwsitede agnslsinuluduneuvesnisindeanseiniafy
Tnsenvislofeotu Simadesrisiaiomasnisumdsufiuaudvesasenielagldsaswumnd
ihandeluniseenuu wsililesnnniseenuuuiidudeu wazdnsdialdanslunisainege
13] luenans [41-[6] ansomaldmdnnisusuamudsenistounsesunseuansadlufiven

FNADUINLUUS FIa1891NIAFINITNTDISUNITITIIUTNANUDLS IR UUS NADINS beNInUa
YNEIUAMND DenseiunsidelineasusuAwsiunsruanseludsdmalviangainied



é’mwmaﬁwé’uLﬁaammﬂé’qumﬁamﬂLLaﬂﬁWﬂamIWLLuuﬁﬁ?uLaq Tuenans [7] diaue
WnsUsulenuantivesaeenAlagnsaevegduvatduloudyy uuTianuul
Y8952UUNTINE kasUsudsusnsinesluesdusyneusy q uddinsyiduaeenie
sosfunisldauldiiies DVB-H witidy a1n [8] arweniadnsu DVB-H 1al438n sderiny
Wé’wué’wmiL%ﬁﬂdﬁﬂﬁﬁgmwmé’aaaaﬁﬂizﬂauLLUUWW;;ULLUUSU@QIVWTWV?LLUUWU R
aweniasuldununansvesinsdnvidiededuganyu Tngl¥fanguseadunoslsvifies
widu fiflsanefiaziinldarunsaldeuluguninud DVBH (468-719 MH2) ldags
ATEUARL 910 [9] ageniFaansasessuNslFutAdTin1ann Aeseaiunislda
Tuszuu LTE 13 (746-787 MH2) 9u919355UU GSM850 (824-894 MH2) uaz 355Uy GSM900
(880-960 MHz) wsogslsnnarsoiniresdliamnsaldaulalusyuu DVB-H (470 MHz)
Tnelumanguiduaeoiniamsiiaediadulseand msagviouiitosfalosian useeilsh
au sgalsfinnuiiofinnsanit S| < -10 dB Tudiudeiienn dwduaeenimuundn 9
[10] dlodredeansonmaiildvinisnvundeuudtu dnlvajasseusunisinnsandt |Sy|
< -4.5 dB uazan [1] [3-{4] [71-110] Inevildudngunsaindouiinaginsdnidedoffvun
Entugeusuan [Sy| < -6 dB wazan [11] magiguladnaueaigeinialululnanuy
s¥wUMeander Linedmduldnuszuudoansldaenatsguauilnglfiduanivusinuas
dudouduaadinfesausasesiumsldaudigiuauiniiaunds 101.7% a1n 440
MHz 9 1350 MHz wdlefiarsaniien (S, < -3 dB Fsanursasesfunsidaulsiiessuy DVB-
H/LTE13/GSM850/900 lapg19asuiau waneae9lsAnuauIanian1enmessase1nien
fanafluunlug (65 mm x 44 mm) Asliseasunsfnslugunsaiindouinunmin
Tunsdiidesnsasmainuansalunissessunstdaulugiuainud nidluvaeis
YPWIALEN NTETiASA LWi’]%QSﬁ?Uﬂ’]iﬁWUU’]@ﬁ’]EJEJ’mﬂﬁﬁﬂLﬂuéﬂﬁﬁﬂ?’mﬁ”ﬁmEJ‘EJ’N?JIGZ%M%JU
MWL TanLaINTaYeInsUsEyndAltauiugunsalindeufivuiaidn 91nn1sAnen
miAfeifnnounihdunuin mathianladdnenusindnanlden $18en [121-119] 1
Fldnannsaanvuialaesiuvesaeerndld luvaefianansasesiunsldnuiigmuand
nilpgnrsionsanaraninesulinagAran ndugiuiaivan 270 [12] LuuiInces
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aeemandAnuvw t vuagladidnasnuiminanunsafuiaddainaunisi (2.1)

96\/; « L
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NEUNTN 2.1 AdkUsiinansenuiun1sanvuInvesangaInAiuIziueg fua
¢ o A = & ! ! = ' [ [
wiawesuanfe ¢ war x Fuludranmeeuliiuasaraninanuduyuusivanyesian

TadLanasnuainan Yinlileaun1sUeIAIALEIIARULS UG FIANNIST (2.2)

Ay
ﬂ‘resonan = (22)
t /_,ug

Wia g ADAINNEIAAUTIBINTIATIN IRUEIUNTOLALDUN WAUDLULAINSUVBIANYBINFA

\/Z (1> ¢€) (2.3)
g

1PNz 081989 AUEIAYU99IUIATULADNITUILEUDNITAATUINEILDINA

NEAUNSh (2.3)

Ingld Meander Line visusiniuianladidnasnudvdn wuinausoanvuinlagsanwes
argonald Tagflvuranianignind 10 mm x 25mm x Imm wagdlvuranialulfing
0.0154 x 0.039/ x 0.00154 firud 470 MHz wazasenAasasasiunisldeud IS4
< -6 dB Tugeauidaud 467-1012 MHz Feanunsnaseunqulunislédnsienmiufiszuy
DVB-H (470-960 MHz) feeUsy AvBnmmnnsusndsnuviniy 90% sauvisdsananinsasy

sl ulugunnud LTEL13/GSM850/900 lasnaae

= a { 1
2.3 nsAnweuIdendannau

v v & < =2 a o ° [ (% ¢ aa

Wtedlavilunisfnwrnuidvargeiniadmiulnsialszuudinea DVB-H
(470-960 MHz) wazszuulnsanviofis LTE13/GSM850/900 jUuuusing 9 dwmsuldiduy
wwnslunIsesnuuUaNgINIAvesIdEatull Insguiuiangenianiasuniduuugunis
LNINTEINLAAULUUTBUST o Imunzaudmsunisussendatueiniaiiede lng
Wnelassasiavesanganiaiilaannsfinuunyssendldlunisesniuy saudeinnisinw

V9w WUV 8BINA

2.3.1 uidvansanalnsiadszuufdneaditunnou

11A%8819847 [7] Fafunasuves DH. Choi wagamg 1wl a.a. 2006 Tnod
TnssanevesansoIniaLanafiesud 2.1(n) fvuranisn1eain 25 mm x 15 mm x 4 mm
grupruildeuaus 470-702 MHz IVHANTI1ABILATNANITNAFBUAMN WL VBIA |Syy)
wanelidagudl 2.1(v) 8019818 gegn -3 dBi wanadagud 2.1(a) wagduuusunis

] A Id a (Y A
WNINTELATUTLLUUTEUTANISIUTEUIY Xy Xz UWag yz AaguT 2.1(9)



(n) 15985719089@801N A
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& & L b o n a &
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g
\
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"
-30 |'l
1
——= smuatearesut] §f
— m@asured result
00 500 600 700 800 900

frequency, MHz

(v) AMsgeydedoundu

() WuUgUNMSLNINTENLATY
JUN 2.1 angomakuululnadmiusudyaraulnsvimissuuadnea

UATY19899 [8] vos H. Rhyu wazaue Tud a.r. 2009 dlassasevesaigenia

WAAIAIFUN 2.2(0) FYUIANINIEAIN 50 mm x 5 mm x 2 mm @150k gulasans

468-719 MHz ﬁ'agﬂﬁ 2.2(%) d8n51v81889aA -7 dBi mugﬂﬁ 2.2() wagduuugunns

wnInsz1endululuuTauRANg wanaiagui 2.2(1)
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Return Loss, 0B

s Giataied
—— Measured
03 04 05 08 o7 08
Frequency, GHz

(v) AnSgayLdRUNaY

3 L]
-1 - .
-2 .

-3 4
4
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-6
:
-B - _..‘.‘..‘._n.._..‘.....‘,.......‘.,,.,

-B ] - ...,.,-m._,_._\.-‘.«-..-_
-10 T e o
=114 ®  Measurement

=12

Gain [dBi]

eenenee Specification

470 510 550 590 630 670 710
Frequency [MHz]

(R) ORIV (3) WuugUMsuLnInIENLATY

]
=

sUn
Y

YY)

2.2 g niAanuulNuiuazlinsaduUaslaeldveslsy dwmiusudygyradnsial

JLUUAINDA

113588198991 [11] e Shao-Li Zuo uazanz Tl a.a. 2013 lnsuanalassasng
YosaBeINIARIgUT 2.3(n) angenniadsnanafiuuianisnenin 100 mm x 44 mm flgu
Al 470 MHz fs 860 MHz dmsusufudyaansimissuuilnea 746 MHz
fi4 787 MHz A28 824-894/890-960 MHz dwsusvuulnsdniiadeud Iinan1ssiaesuas
HANSNAFRUANANYULUBIAT |Syy| LLamﬁé’]’quﬁ 2.3(%) 8nvengeean 2.1 04 2.8 dBi i
AILA 470 MHz uag 0.5 dBi #1714 702 MHz LLﬁﬂﬂﬁJ\‘lEU‘ﬁ 2.3(7) wazduuusuns

1 « < a [ d'
wnsnsyeadululuUsaUTiAMng Tussuiu xy xz uag yz faguin 2.3(9)

2o e 3w

VSWR

metal-box (proposed)
metal-box

Lo

04 06 08 10 12 14
Freq (GHz)
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v
(n) Inseasnsesase1na (1) VSWR
0 0 0
330 30 330 30 0! 330 - 30
201 300 .}_, 60
4070 90
2 2400 Ry, e 120
—— B00MHz Sy i —+— BOOMHZ
04 210 i 150 —— 900MHz 1 210 150 ——900MHz 0 210 150 —— 900MHz
180 —s— 1200MHz 180 —+— 1200MHz 180 —— 1200MHz
x-z plane y-z plane x-y plane

(A) LUUFUNSUNINTZANEATY

sUN 2.3 meemiakuumnIulilulnatuns@snassudmsuinsdnsingoun [14]

I1NENA158198991 [13] 1unasuves H-D. Chen wazamy Lasunisaiunlud
A.f. 2008 FagURl 2.4(n) anwoINIATIUIANIINIBAIN 114 mm x 25 mm x 3 mm 5835U
nstdaulugiupuafans 459 MHz 9 891 MHz 2UUBIHANISSIADILALHANISNAGEY
ArudnwazvesA [Sy| Wuansfegui 2.4() fsnswenegeand 2.1 dBi Tasuszanamugui

2.4(p) wazduuugunisunsnszneaiuduwuuseudindinailsdluwuadis faguin 2.4(2)

0
~W=25mmq_
_________ > 1«2 mm :
<~ FR4 sul , )
meand) .T—uy g
monop X 3
H= g
sleeve ? 114 mm E 30 F —8— mecasured
borti =====-gimulated { Ansoft HFS5)
shorting
P NE4mmiN 3 40 PP TR B A | P
~ground B 350 450 550 650 750 850 9350
,._p.lj'l'?,.j ________ e i Frequency (MHz)
1.6 mm ; @ mmml(.istip line
(M) lpssasavesaneenie (v) Ansgeydedoundu
4 $=90"
=3r
s
22k .
8 _ &
=
B
1 | Il 1 1 R
0350 450 550 650 750 850 950 270° [=470 MHz 180°
Frequency (MHz) xy plme y-zplane
(M) IRV ) LLUU;UmsLLWémzmmﬁu

UM 2.4 argenialululwalylasadunioussuiunsiauddimivdssgndlyany
InsviriAdnea
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UIFE98a9 [14] WUunaauwes S. Kashihara uagansy Al a.e. 2009 fagy

=

7 2.5 (1) @891NIATYUIANIINIEAIN 91 mm x 62 mm x 1.6 mm LF9UNGIUAIINDT

€

AIUS 440 MHz 19 770 MHz TRaN153188LagHAN1INAGRUVBIAT |Sy;| wanslifagui 2.5

() wazduuugunisunsnszaeaduduwuusoudienis Aguil 2.5 ()

62mm 0 T
£ 210
E
220
=1
g 30 . R
A 300 450 600 750 900
Frequency [MHz]
"~ Calalated
Measured
(n) Tassas1avesangenie () Ansgeydedoundu

(@) LLUU;UmiLLWiﬂismaﬂéu
Ui 2.5 awornialululwasusnusiadmsulnsvimissuuainoaneiuAuiisuaud
gLovLon

$ATo9BeR [15] Fadunaiiuves D-B. Lin uazany Tul a.a. 2010 Tnsuans
Imaa%’ﬁwaqawmmﬁﬁagﬂﬁ 2.6 (n) {YWIANNIEAIN 30 mm x 20 mm x 0.4 mm &1
auleudaus 470 MHz e 862 MHz Wkan1sshaeuazaanisnadeusn [Sy| wandlis
U7 2.6 (v) D8ns1ver0gegaindy -12 dBi fauanslugud 2.6 (a) waziuuugunig

' dl' < a [ Ql'
wnsnsyeafululUUToUTiAMNG TussuIU xy xz wag yz fegui 2.6 (1)
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Return Loss (dB)

T

Simulation
Measurement

2 i 1 n 1 n J
300 500 700 900 1100
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(v) Amsasyidedoundu

Phi=0 (+X) Co-pol

= === Cross-pol
35

-
S~

Peak Gain (dBi)

“a00 500 600 700 800 900
Frequency (MHz)

(A) BNT1VEE () wuusUNITUNINIEANYARY

[

JUN 2.6 angonakuuNGYY dmsuiudyaralnsvimiszuusines
IMATUBN [16] ves CK. Hsu wazany Tl a.a. 2010 lngangeiniAgnuandla

f95UT 2.7(n) TYU1ANINIBAM 165 mm x 60 mm x 20 mm HBUALBIEIUAILD LTI

Y

I
Y |

Flalkel 470-860 MHz @ nSUSUd e sz uuAIneaind wazaug 860-1142 MHz dsu
#0d1352UU GSM 1Aguanin1siUeullguNan1s91a0abagNanIS MA@ UAMEN YME Y B3
gnsdIuAduils uansegun 2.7(v) d9n31veugaagail 2.35 dBi uay 2.25 dBi a1ugUT

2.7(p) LLazﬁLL‘UU'gUmsu,ws'mzmaﬂﬁwﬂmwmauﬁﬁmq AaUN 2.7(9)

T N 2.5:1 VSWR 2P
| g“ Al f % e
< a g " "-:"al ‘P
iz e E— =
- Frequency (GHz)
() TATIATNUDIAIUDINA (v) AnnsEayLdedaunay
U 2.7 avwerniauuulululwagusrsdoududmivuszgndldsunvugoaldmiu
Suderalvsiaiszuunanea
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4
g o}
c
8 2 == Antenna only
4} @=—=0=—9 With NB 11"
[S==f====] With NB 14.1"
-6 A 1 L n’ﬂ(“l 270
06 08 1 _
Frequency (MHz) L oo
X—;l::lne Y—“Z’:)Lnne
(b)
(A) SM31V1EALRINTA () WUUFUNITUNINIZANLATY
U 2.7 arwernirakuulululwadiviudszgnaldarunuugieaddiniu
Sudaalnsiailszuuhdnea (M)

$ATe819897 [17] v89 Chang-Hyun Park uazamy 1ud a.e. 2008 flAstadaves
ABINALUULHLRURITUT 2.8(n) TUuinnmisnienm 50 mm x 5 mm x 2 mm Ty
grumuiinaud 470-710 MHz InsnalUTouifleussninananisdiaeauagnanisnadey
AudnuazYesdaTIAuAduTls uansfaguTl 2.8() Idms1vengean 0.38 dBi Tnsuszana

AUFUN 2.8(A) wazduuugumsunsniznendululuuseufien wanenaguil 2.8()

o] —=—simulated
—s—measured

VSWR

T T T T T T J
) © 03 s 5 0.6 oF s LA 10
Frequency [GHzZ)

(n) lassas1evesangenie () VSWR
£ 44 —d— Measured
¢
E /
0.45 0.50 lLSiFrequ:.::y [GHISE ot 0.75 N =
(R) 9NTIVLLEER (9) wuusUNMIsUNINIEANEARY

o

JUT 2.8 angonadniulnsdniindeud Tneldtangiuseulumeslsidmivsudynyn

INSTAUSEUURINDa
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UBTe 8198991 [18] 489 Byeongkwan Kim wazamz Tud a.a. 2009 Tnguana
Tassaf1svesansoIn udaguil 2.9(n) TUUIANISNNBATN 50 mm x 8 mm x 2 mm @150
THaulddans 470-710 MHz Tnoratd3ouiiouseninanani1ss1asLasnan1snagey
Audnunzvesdnsduadull uansfaguil 2.9(v) fdns1ve1egean -7 dBi mugUT 2.9(a)

wardlhuugunisuninsgaenduduiuuseuiiams augun 2.9(3)

\ [—— Partially Filled
| — = Fully Filled
I
\
\

Frequency, [GHz]

VSWR

(n) Taseas1avesangenie (v) ANsgeydedeundu

[—A—ETSI Spec. |
—0— Measurement|

Peak Gain, [dBi]

Frequency, [GHz]

(P) 9R1EY (1) wuusUMIsUNINIEANEARY

[V

sUN 2.9 argeiniavuiaanldTaqueslsndniusudygyralnsimissuuidnealy

R IGERIN

1UIT8198991 [19] vas M. Komulainen wazaniy 1wl a.f. 2007 lngaigainiagn

LEA9AIgUT 2.10(n) FUU1AN1N1EAM 34 mm x 0.8 mm x 10 mm g1umNunldnuAsuLs

470 MHz 83 702 MHz TiNan1391a09uas Nan 13N UANANYLTBIAT |S;,|uandlInegud

2.10(%) {8MI1ve8EEnA -8.5 dBi AR 470 MHz wag 0.5 dBi AR 702 MHz wanss
Ul 2.10(n) wazduvugunisunsnszaeaduduuvusouiianis lussunu xy xz fagud
2.10(9)
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a
ﬂ' -20 i age
-
5 _3p {bias volage 2.5
B C varactor 1.2 pF|
-0
50
e e B bock ™IRO Sub, 13mm G203+ 12pF 400 450 500 550 600 650 700 750 800
Ca100pE frequency, MHz
(n) TaseasnavesaneeInie (v) Ansgeydedoundu
5 P rige
mea: phi - 4 s > .
|E= N
@ -
2 751 s
e Pl 2 - e
- * =105 #105°
E / -120 20°
-10 > 0 4 By 0 ol
Sr68ig0r165 0 __ copol 02 Mz 168575065
a === Ccross-pol 702 MHz b
s 500 550 600 650 700 :m;a;‘o":ﬁﬂz
frequency, MHz
(R) BNV (9) wuusUNMITUNINIEANEARY

JUT 2.10 angoniawuulululnalagldnusnmesuaznisvasud miviudyaalvsved

NUITYE1999% [20] V99 Jung-Nam Lee wazang Tull a.A. 2007 uandlAsaasneves
41881n71AA93UN 2.11(R) FYUINNIINIEAIN 100 mm x 44 mm §1UAIUDIFITURIUA

470-702 MHz walagldieasuundauandlineguin 2.11() wazduuugunisunsnszaneaduduy
WUUTOUTIANIN AaguR 2.11(A)

(n) 1ASIAS19UBIEN8DNA (V) HAVBINITIAALIIVTLUAT
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________

" . "
I}
i
D g /
20" N 7 T e \ 7 m

(A) WUUFUNSUNINTZANEATY

JUN 2.11 ageniAlvsiimiszuuainealagldieasuunds

v

M13197 2.2 aguanantivesaneeINAlysiFusEUUAInareINaIdeNiluneu

e IUINVDY . o s NV b 031
NANTUIY mam'ma‘lﬁue'm ,
e , d1891n1F LNINITINY UYY
nyuNDY (MHz2) <
(mm) AfY (dBi)
(7] 114 x 25 x 3 459 94 891 SOUNFANIY 150921
[8] 91 x 62 x 1.6 440 94 770 TOUNANIY -
[11] 30 x 20 x 0.4 470 94 862 TRUNANIY -12
[13] 165 x 60 x 20 470 94 860 RUNANNG 2.35
[14] 50 x 5 x 2 470 94 710 SRUNANG -6.9 99 0.38
[15] 50 x 5 x 2 468 09 719 TOUNANIY 10 99 -7
[16] 50 x 8 x 2 470 949 710 RUNANG 10 99 -7
[17] 25 x 15 x 4 470 949 702 RUNANNG 3
[18] 34 x 0.8 x 10 470 949 702 RUNANG -8.5 949 0.5
[19] 100 x 44 470 4 860 SOUNFANIY 219928

11991989n15AN ¥ TeAINAINS YIRS EUURAIRa [7-8]-[11-20] wunwduns

PBNWUUAIEDINATOURANIS s?iqmammﬂmmmv‘hmuﬂiamqummﬁﬁqmmmzw
DVB-T2 wazifluangonniafidlassadisauindn duuusingning wazdiuugunsunsnszang
AausaUfien1e Tngedewadiasig 9 017y Meander Line n15vfianeasuunds Tunns
DOALUUAIEBINAY AU
2.4 &3

unilddnauedymiinivesudde muidefiieidediiuideu nsesnuuy
aneoInARlYsufUSEUY DVB-H/LTE13/GSM850/900 dasludiosiiemumnualdausaus
467-960 MHz Tnssideil gutfunisesnuuuaeseiniauuunnmiduuudinsniie aun

[

b
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66) Y v 1 < a ¢ o/
n1sUszenaAlddangusesuiinanysshvgiuaigainia

3.1 uni

gunsnidemslimetndouilutiagiu 1w iefosmsuiameiuuunnw Insdwvidlede
Faunsas Srnuneiinda sesduiladdunsyheuldunntuy fafuaisennennslufidosiau
aaldflvuindnas sesfunisinaulduindutusy luunidazdauedznisanauin

angonelagldiangiuseuivanyszivg 38 Magneto Dielectric Substrate

3.2 Yangusasudmvianyssivg (Magneto Dielectric Substrate)

949 &9

[

angIuseimanyszivg \WuTannlddedlusssuwd liainnisdunsiziaun

sl o w {

WsfimesNafyNinanen1sanvuInvetEIgeINIdfe manneellniiuaAtan ndugu

<

(% s

wilndn BadanAdeiinedoildTanguseuindnUssfivg [21-33] Fsaranmeonliiiiu

43

AANINBUTIURLIMANTDY MD aasauandlaniaunisn (3.1) wag (3.2)

& =¢'—je" (3.1
He=p— " (3.2)

Tngs1uidoatuiléyangiusos Eccosorb MF-124 18uan MD delduanadn
Audnunaneivesiangusesiild Fomanineeuluiln Aanmdusuusingn Hedan
YBIANATIALANTUANN INNTTN@0IMElUIUNTU CST Microwave Studio Suite [38] Lo
Tang 150130 MD viin Eccosorb MF-124 fenanmeaulniindusivg (e, ) wagan mdugiu
wilwdnduimslutnenudldo (g, ) wihiu 22.25 - j0.4 uag 7.05 - j1.24 mudRU

definsanaudnvazvesianladidnsdnuimandssiafuannsaiouiioue
anmanugaulnihduinsuasAanmanuseuwlmanduinsaindanladiannsnuidinan
§a Eccosorb ':;'u MF-110 MF-112 MF-114 MF-116 MF-117 MF-124 MF-175 llag MF-190
§1989aun157 3.1-3.2 anansansFeuiisunadnunglidmsed 3.1 MnAgadnvuzveq
anladidnasnudman Tumsned 3.1 asaduamuuudIndiiteSouidisuiutanlad

anesnuaimanyiiafig q ladsgud 3.1



M99 3.1 MsNRdnvazIesTanlaBianAsnuiwaNY a9

21

36i0) AENYE
Tadan
AN o o tano, ' tano, g u, ~ BW(%)
.
waitwan
MF-110 371 0.02 0.01 1.41 0.00 0.00 3.71 1.41 92.74
MF-112 433 0.03 0.01 1.86 0.02 0.01 4.33 1.86 98.58
MF-114  7.11  0.06 0.01 2.82 0.09 0.03 7.11 2.82 94.76
MF-116 1082 0.13 0.01 4.49 0.19 0.05 10.82 4.49 96.91
MF-117 20.40 035 0.02 5.70 0.46 0.03 2040 572 79.66
ME-124 2225 040 0.02 7.05 1.24 0.18 2225 7.16 85.30
MF-175 24.10 043  0.02 8.33 2.27 0.28 2411 8.63 90.01
MF-190 2596 052 0.02 9.61 3.40 0.39 2596 10.20 94.26
3000 a0
2500 e
A
1500 200
1000 /// _____ 10
A
m? 7 ?ﬂr'ﬁ_ —;ﬂ_f_?_ _'?m
e

06T-A

" 200

1.00

—_——r

BW(%:)
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(@) WisuWisuandnvarvesianladidna3nudmanyiindns q (Wuk)
JU7 3.1 Anadeesnudnvuran e usanlihduinsuas Aman mdnguwinanduing

Yosianladianmsnusivanaiingng ¢

3.3 N1SAN®IIS MNITANVUIAYBSAIYDINA

INNUYITEB9V84 R. Hansen uag M. Burke [12] vinmisAinwiaussausiuuzunis
LNSNsTaNeRAY UstAnEan Snsveny wazuuuminsvesarseimeavuindn Tneldladidn
n3nNWLMan (Magneto-Dielectric) ladianm3n (Dielectric) 8/i¥an (Metamaterial) was 3
ToumesiuuaawmnuLen (CSSR) NMsAnyITwIAmIsenm suamliii uasaud 53
figminanld fe nsldladidnainidianinanueseumalyiiings (high permittivity : £) 1ilo
anAuEveinthrauLazILnlnesmYetEsene wisinwwliufidmaltindede
aunnAev i aLUUiInsvesasaInranas 3afinsiiladidnasnududndeilasead
JuudmanuszAvgnseaifan wu slgiumasiuuuisuniunen (Split ring resonators :
SSRs) tanifloanuunauesansINFLay MU UUTINMNINRILULAINS

ladidnesnisloiumosgnAunudmiunisuszgndldanluaseiniadsdofves
anwornIALUUi Aevunauin Tassadslidudou meernadinarivhantagledidnainiis
Amwgydesii nuindussaninmlunisunsnszanendugs Luusinsuau JUA 3.2 uans

AuanURveEgan Al Tanladidna3n Nlidadladianesn (&, =10 wag w, =1)

\/

|
1/
|

I

-

> gy _ SIS EEEEEEEEEEEEEEEEEEEEEEE
s e N e e S e fodes T eler T imby T dader T iesler T fmay T deue
Freq [MHz)

(n) ango el ianladianssn (v) ANy dedoundu

dB(S(WavePort1, WavePort1}) [db]
-
®

3UN 3.2 lassadsvesaneennaildanladidngsn

’ﬂ]’]ﬂ;éﬂﬁ 32 Gummaqmammﬂl@@Lﬁﬂm‘%ﬂgﬂmqmwaﬂ%’ﬂﬁ 216 mm AN 433

=

mm kazdSALvaITEUIUNTIIUA 846 mm AINAITRNAIAINLADLANAS UL AAIY
slawuudmgaiiaasiivinliaunsaanswinvesaseinidls egslsinuaussauzuuuiing

LAYOMNIIVYIYVDIEIYDINIALANAY FINUBDIAT Q-Factor UBIA18BINIALANLNUTUAS
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'
a1 a

A1519 3.1 119 ¢ TANALTUVUENANFAINTUIIULNLIMENLAZIZUIUNTIIALANAIT ViNTeiAN

Q-Factor #ngaludinaliuuuainsuar§ns1v818909a1801NARAAY VLRI ULLlD

P11 € = 10 WUIAN Q-factor ANV AR UUAINGHRLTY

A15199 3.1 Lanin 1siUSeuLsunisImesuntanganialasidnasnislolumasAuAIL

uANAIYeIAATlABENASN (WiauAnsagyds tand = 0.001)

Dielectric Antenna Fractal
Freq. Q- Directivity Gain  Eff.
Constant Radius Bandwidth
(MHZ2) Factor (dB) (dB) (%)
(&) (mm) (%)
10 156.48 950.37 1.6 15.66 7.27 7.53 100
30 157.08 561.73 6.5 3.82 6.13 6.18 100
100 160.97 312.17 40.3 0.62 4.27 3.82 90.10
300 159.77 186.04 208.3 0.02 2.79 -0.41 47.79
1000 159.77 102.86 1,250 - 2.43 -7.10 1113

3.3.1 @wanAfildiaglndidna3n-ulivan (Magneto-Dielectric loaded
antennas)
UV Hansen and Burke [12] W@AIANNNINUBILULAINSYDIAEDINAN LY

o ad a @ aa o &
339}§7u3@\71@|@l@ﬂm§ﬂ%mL‘Viaﬂ NHUAITUAUN fI@EﬂJigﬂﬂﬂJ PNU

96,1 -
BW = & A (3.3)

2[4+17ue, |

MN@uNSA 3.3 AuslanosnnsanvUIRvEsENEeA fi e, drunilamosiivh
ThuuusInsesagomaiiniy fo u /s dlo u > e, Magagun1sidauiangiused
Ineltian Z-type hexaferrite Faldien u, = £, =16 9z@us0ad 9@ BN ETRTvLIAENIN
9 losEanad A, / 32 fuvudindfiamgauna (agdvunelvgninndeifisuiunisesnuuy
awemelagld & = 256 uazuvudIvdaranusaatuldendle 4 uay ¢ fidosnin 16

M tateiivlfeaneeniaflvunauuusinginirety Aemsiiudily 4 wntu Tne

Weiin1TAIuIMAILUUATINSAINaNN1sA 33 Taun1suTualtunuivesdan



IadlanasnulindnuazasiiA1ve ¢, = 22.25

éfagﬂﬁ 3.3

1.80
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WAy u, = 7.16 lAALUUAINEURIEIEIN A

1.40

——q---

__________________________________________

_____________

o |---r--\---

o

JUT 3.3 wuudindvesaseiniadevhnisuuanumuvesTagladidnasnusivgn

3.4 uREEweINanldiangIusadladiana3n-uiuan

NUITYD19997 [34] ¥89 C. Niamien wazane Tul a.a. 2011 kanalAsIas199a9

a1991N1AAI3UN 3.4 (1) UWagduwIAn1enN1eam 15.5 mm x 15.5 mm x 3 mm lgausus

470 MHz 3.4(%) T8nenesnndign -4.5 dBi waz 3.4() Fgaydenistoundu

W,=036mm G,=0.35mm
- -

realised gain, d8i
:
¢ ¢ 4

L
P

»

440 450 460 470

frequency, MHz

480 490

(¥) 9MI1VYY

00 300 400 500 600 700 800 900 1000
frequency, MHz

(A) AngayLdunnsdoundu

JUN 3.4 e mavuadnguAud UHF laglddanladidnasnuivan
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31UAT8919999 [35] Y89 Farhad Farzamai wagmae Wl A.A. 2011 JlAsadsna
e MAReyU 3.5(0) ngeNIFlaN YL IIINEAMIUA 41.5 mm x 32 mm AR 2.4 GHz

wazdlan Sy sgU 3.5() ImaﬁLLUU;UmsLLWi'ﬂizmaﬂﬁul,m‘uﬁﬂmqﬁqgﬂ 3.5(m)

Upper Substrate

L
o

Lower Substrate
Top view

T——2o

Side vier

Lower secti
embedded
the

(n) 1A5985199998189710"A

.
...
.,

-10

S11(dB)

S11(dB)

---Mag-da&eﬂnc Sub
Mag-diclectric Sub (Model)
erefif)-g(f)*w(f)

—Silicon 20 4
Cref-6 & piref-2 ; i

:;angj";»‘,;j;;‘f’ E-Plane (yz plane)

225 23 235 24 245 25 255 15 175 2 225 25 27

Frequency (GHz) Frequency (GHz)

=20

™) 0

1 e
H-Plane (xz plane)

(v) ANsgeydedeunndy (A) wuugUNMsWNINIEUARY

U 3.5 angenialulasansvvuaaniagldianladidnasnuimanuiauiangiuses

NWITYOB9 [36] V09 Jungyub Lee uazany Ul Aa. 2012 lassaswangenenagy
3.6(N) @18 INATVUINNIINIEAIN 25 mm x 5 mm x 3 mm AU 2 GHz Iaedlan VSWR #19

JUT 3.6(0) uagguil 3.6(A) wansnsiUTeuTigukuLaInsLarUsEanSnmuetange1ne

Resonant BW Eff Al BW2
frequency
(MHz)

(%) (%a) (mm) (%)

&13 1224 14.54 81.61 5 12.71 78.98
£23 1196 16.30 80.41 6 12.61 80.14
£39 1176 1717 78.04 7 1220 79.62
MD 1177 17.41 75.92 7 12.72 77.51
(n) 1393519904 , oL .
(@) A1 VSWR (@) NISLUTHIULNEUATNITIULN DS
@196

=] & o o TR Yo a & a &
JU# 3.6 nseonuuuageIMAvuaandmiuinsdndetelaglyianladianaInusivan

37U398919999 [37] U949 David Souriou hazany Tud a.@. 2010 HlAsIas9

aeoINARagy 3.7(n) g AlvuIAaNIgnMIAY 15 mm x 15 mm s833uAud
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a

300-700 MHz 1n15WU38UAT |Syy| veeTandagun 3.7(u) wazdlan |Sy| Yosateenia Ay

q

3.7(m)

- T e

7

"ﬂhuut F
: matend [ 6mH: |

s - @b[ur.m .
[9B] 4 | [sismnz ||| |

- 484MHz |

3 M S50 SM S50 M 650 T00 58 980
Fréquency — [MHz]

(v) Ansgeyidedoundu

(A) AMsgeyLdedounduuazUszansnm

JUN 3.7 angornimvunaLanuas asuiluleslsviagladidinaSnuiivan MF114

Tneens3de [34] dusenuuuaeanniewuiaan Tianladianssnuimansauiu n1sun

nmuludangiuses wasiiszurunsnuavibiaseimedivuinanasis 10 W wasduuus

a s

305 15 MHz waziiA19ns19819@1891N AU -4.5 dBi @u1u3de [35] Jussnwuulagly

[ a o

a ] a@ W ¢ Y a I 9]
'Jﬁﬂlﬂ@LaﬂfﬂsﬂLLll LW@ﬂLUuaﬁﬂiqusaﬂﬂﬂﬂiﬁﬁﬂﬂL‘W'Eﬂmﬂi\iﬁﬁ']\‘lsﬂﬂ\‘iﬁ']EJE)']ﬂ']ﬂll"U‘lﬂfﬂLa il GL‘U

q

IUANUA 2.4 GHz TN1SUNINTZANYAAULALSRTIVLILA18INIARNIINT T laBLENAS LT Y
[y 1 a o [~ o w a & a 1 <@ % [y} a
Tangiuses d1ewide [36] WWunsiianledidnasnusimanunlduduaiseiniaiy 2

GHz ¢ tand lagnihuniaunuasUssyndldnudmsuageiniauuuiletiosessuraiggu

a v

= = sa  saa = Yo a & a 1 I3 = a
AU LAZULUUAIATNG LLazI1UIY [37] LLﬂﬂQﬂ\?ﬂqilsﬁ’Jﬁﬂlﬂ@LaﬂmﬁﬂLLlIL‘ViaﬂLW@LW@J
U

a 1

a = = LY A o gj = ¢ a o 4
AUITAUSTNYIUAINY HF "?J\‘iﬂ’]i;ii‘gLﬁEJ“ZJ’EN')ﬁQVIG]'W‘H‘L!LLﬁﬂ\‘Iﬂ\‘iUi%IEJ“UUVIﬂ’HJ’]iOV]'11‘1/1

AN8DINIFVUIALAN
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3.5 a3

nsanvURYedEIgINIAegsiiUsEans nmidutymavimemszdndeadonseng

o1 amilasENINVUIALAL AN TIAULYBIAYRINIAMELNATNIINUTEAVTAMVBIAIEDIN A

(% 1%
[y (Y]

Fuagiudediintuiiuguiivuedfuruinvesaissinia N15anvuIAveId1eeINIAdy

Y

'
(% (3 a o (%

Usgifudrfgiilesainesduszneuiidridglunisiiansanvuinvesgunssinnnifesh
aweinia msAnuilutlagtufefuianlmifizendn ledidnasnusiman Weaudild
e (A1 30MHz) @15UsENeUes spinel ferrite wazian high-dielctric 1ugudoniia
flanfagsiltiAnddviinsinings Weanuaildauegsening 30 MHz f1 100 MHz 25
14¥a0 spinel-based Yanlndidna3nusiman wisliAnAdvdnmstnimganas msgapded us
Semnudiildaruegszning 100 MHz fis 500 MHz n5l#3an hexagonalbased YanlndLan
p3nudndnazliuszdnsainiiania wanileanudfildaruninnia 500 MHz nnsld

d19U5¢NaUYeY hexaferrite Wag organic medium agyilrlamaninaueeul Wi dusing

WASANANINTUYTULINAN AN SANDMLNE U
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N1390NLLUULAZN15INaBIa181NA

4.1 umin

Tuunilndnimguiseevinniseenuuuaneinia taeldinaiia Meander Line [39]
fumatindangiusesladianasnudman dmsunisussendldauiunsfudyginssuy
DVB-H/LTEL3/GSM850/900 faust 470 MHz 3 960 MHz Ssldmquiiildnanaliluund 2
Lazund 3 FsUszneusgnITiATBufiLauTuLUUAIAS WUUTUAITUNINTEINBATY
UsgAnSAINN15UNInTEIBAaL LardnI1ve1 FeadesnisaiseInAntiLuuIUng
unsnszERAULUUTEUTiANe Tasnsesnuuuameeinimaziihlasiaiisanseinia (8] luum

7 2 Wulpseadasusu

4.2 TAs9a3191a2N159NUUUE8RINTA

[ [ a a a 1 <
4.2.1 Qmanwmmawaq‘tm LANAINLLALIAAN

6

o avy v ' a dl' 1% [ a a 1 < < o o A
aanlanaililuuny 3 Wesdiedagladianasnudwaniluiandunsiznnd
Aanvaziay Aaranimaugeuliil wazAan mdugiuidimanazdanuduiusiu

AU INNNTIERIRUENvzIaITanLABIANAINWIWANTY Eccosorb MF-124 Tagfia1san

a

%29AUAFILA 400-1000 MHz Liesanntdusisanudnlraiuaula aunsananslasnasy

Y

4.1 uazARfsvasnuanvazlulAast9ANNATRTT N LEIsaNERIlARINISI9T 4.1

14

— Real part of permittivity (&)

= - Imaginary part of permittivity (")
— Real part of permeability (n')

++-+ Imaginary part of permeability (n")

ol

o

Permittivity and Permeability
n

400 600 800 1000
Frequency (MHz)

sUN 4.1 wananadtansmaningaulniduinsuasan i ndusrundivanduinsvesian

9

@

§7USD95U Eccosorb MF-124

<9 9
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AN5199 4.1 LanaNadnansAan naueau i duinsiazan mdusundivdnduins v e 9

Janladidna3nuiiinansu Eccosorb MF-124

Operating band/(MHz) g tan s, u' tan g,
DVB-H/470 22.30 0.011 1.22 0.111
DVB-H/666 22.27 0.016 7.12 0.157
DVB-H/862 22.25 0.018 7.05 0.180
LTE13/766 22.24 0.020 6.99 0.199
GSM/850 22.23 0.020 6.98 0.202
GSM/900 22.22 0.021 6.96 0.211

4.2.2 Tas9a31999961801n16

Tasea3 1990381891 1AUTE NOURIBFILNI NI 18R uTldnada Meander line
(MLA) 31998 UUYDUANVBITEUIUNTIIUAAUUY VBlATIaT 19 dan Wy FeszuUNT 1IN
fuvularfuadendeiudululasaniu druunsnszaisndu MLA sanuuuULan

§1U509 FR-4 uazgnineiumetanlndidnssnudvan (Eccosorb MF-124) 8ntu

a

SUN 4.2 kanelASIas19v9981801N AN EASUNISHAUINIAIN [8] TneAInIsIfiwes

Y

' [
a Y A = 14

BUAUTAId A2UNA19 40 mm WAEAINEI X 85 MM ANNSUTEUIUNTIIUARIUUULAY
ANUAY AILNINTLINEAAULAL MD TYUIAAUYIT 25 mm kaLAIIUNIe 10 mm g

FEUUNTIIUAGTUUULAZAUAIYIYY B Ay 155°

Feeding point
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(ﬂ) ANNNTTLADIVDIENBINA

The number N of The total length of
=1 meanderingturns N=g  grounding strip (Ig)

f i =

The junction between feeding strip
and coupling element (J5)

(@) AWISIENBS i, N, 1aT (g

JUN 4.2 UanelAsaaseannanIgn nuedangeInIe

gih?‘i 4.3 UARINATIA0Y [Sy| vesansaInIANSAlT MD 939A71u8 400-1200 MHzZ
avomedadisluuudassdndeiufio 500 MHz uwag 850 MHz Taefiansant |Sy < -
6 dB wudldtisanudfiusife 474-547 MHz waztaemuddugede 690 MHz 1uduly
failgafianunianiuly Fefesnmnianaruniiswestasaruildauasn Sadlsl
ATOUAQNTIIANAVEITEUY DVB-H/LTEL3/GSM850/900 AB129AMA 470-960 MHz Ui
ileviinsneTangusesulin Eccosorb MF-124 MD asuusunsnszanenau MLA 5U7l 4.4
wardinswdeninfntu il dufiuauduuuiiadvesasenangutninudiifeanis

FIA1 |Syy| NlAkansmIugun 4.5

4 MHz 690 MHz
8 /\ /
———
1 547 MHz "
N
2nd Resonant

1t Resonant

-42 1 ‘
400 500 600 700 800 900 1000 1100 1200
Frequency (MHz)

JUN 4.3 1591801 |Sy| vesasanAndslifinsgadan MD
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JUT 4.4 uansgulassasnanenieninvesagenianiliaue

467 MHz 1017 MHz

IS,,l dB
/

NEIERY

-14

400 500 600 700 800 900 1000 1100 1200
Frequency (MHz)

5UN 4.5 uansan |S;;| vesangeniamiiaue

N3UT 4.5 uansan |S,,| vesaneemieiiaue wuiidennsiaggiusedladidanin
wiwdn vilRsufiuauduuuiinsaseunaudIsmLRTifesns agil 467-1017 MHz 359450
N159197UDI58UY DVB-H/LTE13/GSM850/900 pnaididesns anthuitelildlnssadneves
mweMANzaNInTian Jafiansanlasaiwesasoinelaggandnunrnnsnszae
nszuadsiiuin fenudidius 470 MHz Anufinsanans 685 MHz uag ATwARILE 900
MHz Tagn1sdnasaselsunsy CST® Microwave Studio Suite fauandluzuil 4.6(n-a) Lile

'
=

i a saaa a v v A
'Vi']ﬂ']W']ﬁ']ﬂJLmaiVl@qu@ %QQS@ﬁ‘U']EJIUW'NJ@‘Vl 4.2.3
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30
15.1
7.63
3.85
1.93
0.968
0,481
0,235
0.11
0.0477
0.016
0

(¥) 685 MHz

(A) 900 MHz

gﬂﬁ 4.6 nan3TARINTELATIRIYeIANBINATIAIINA (1) 470 MHZ (1) 685 MHZ uaz ()
900 MHz

4.2.3 nsANYINISIALNDS

INNITIATIENNTNTLAUNTERATINURY W5TwasRaAvsaganAaziuly

<
(%

Nfunsnsza1eadu Meander Line Ineilnnsfimesudngaedl fusnazidu syozriesening
yadeusionuiduloudynuiu Meander Line 138 J siolUyNsiasieinue1ive i
ARSUMTDUADTEWINTEUIUNTIIUARTUUULALATUANNID (¢ INNUUILIATIEAIIUIUTOU

999 Meander Line %38 N uazaavnaiuaiunuivesiangiusedladiannsnuimanyse

j \ :::::{@ﬂ — s
I [ .......

-10

Thickness

IS,,| dB

-12

-14 -
‘ cee ‘]fcl — chz - ‘]fc:i

-16

400 500 600 700 800 900 1000 1100 1200
Frequency (MHz)

JUN 4.7 Uansen |S;;| vesangeInaminausililovinin1suSuan Ji Jio w8 Jis

NFUN 4.7 Uaner [Syy| vesangaaminaulilevinnITuTuAN Jiy Ji, Waw Jis 1
ay 2 mm F9LANaAIUAD Jiy ONA [S1y| < -6 dB N1929A20D 467-565 MHz wag 601-1057

MHz Zaanusansaunauguauldaulalugaenaud 470-960 MHz wid sy s, Wag Jis
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Tuviliing [Sy| < -6 dB TuteAud 467-1017 MHz uag?19a13d 466-870 MHz anuddiu

= vy v ~ Yi a a ¢ ea  sal | o v
%Qlﬂl’a@ﬂisﬁﬂq Jico Lu@\i‘r\nﬂiﬁﬂqauwLL@usﬁLL‘UU@'J'V]ﬁ'V]ﬂi@Uﬂq@JUqu@qq:ﬂﬂIG{N’]u

"%,\ | The total length of
2 '.‘ m.ﬁ grounding strip T
o i
- B e,

= lg = 40mm

-14

6 Yy
L /’55\ TN
%) gﬁ 'C\ R
-10 ’ % o
I "\
-12 T N ces lg=37mm
H
7

==lg=43mm

-16
400 500 600 700 800 900 1000 1100 1200

Frequency (MHz)

JUN 4.8 lWTguiigy |Sy| vesangamaniiaustiiainin1susuan (g

mﬂg‘d'ﬁ 4.8 WARIAT [Syy YoaeINATIIEUDIE YN TUSUAT (¢ Felanasaine
le=37mm Léua [S1,] < -6 dB Fivaseud 473-1019 MHz e?fﬂlajmmmmauﬂqw'fmmﬁﬂ%
suldlugaamnud 470-960 MHz 87930 (¢ =40 mm uag (= 43 mm Tldna S11| < -6 dB
Tug3A108 467-1017 MHz waz¥23a1ud 462-866 MHz augdadu dalddenlden

lc =40 mm HesniAduiiuauduuumvsinsounqueEuALald

2 L\ it i 1
‘ 1 ] P Y
— . '—' S

; \ I"\yf}l """ .
-10 \[ - \ ..'1./ ;

TT e

IS, dB
[ee] (2]
__
papag-aL g

» \\ \\,l". -..
12 : \‘ NS o cee N=4
. ’ o. .t
g \ . —N=6
-14 .l N’
oA -=N=38

-16
400 500 600 700 800 900 1000 1100 1200

Frequency (MHz)
N3UN 4.9 Wiguiigy |S;;| vesanganandauaiileritnisuiue N
INFUN 4.9 wansdn |Sy,| vasanganiaidauailevinnsuiua N dslananiife
N = 4 1oua [Sy| < -6 dB NeAaud 457-514 MHz wag 677-1200 MHz Hean3130ATouUaqs

grumaultaulAluYI9A11UD 470-960 MHz WAd1USU N=6 waz N=8 dulsdna
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1Sy| < -6 dB Tuga9AILA 467-1017 MHz wase29AI 0T 483-882 MHz mauddu Tale

N v = Ui a a ¢ ea  sal I 9 o
La@ﬂiﬁjﬁﬁ N=6 Lu@ﬂﬁ]’]ﬂiﬁﬂ’]@mwLL@UGULLUu@’JWﬁWﬂi@Uﬂqmﬂquﬂﬁnumﬂﬁqu
0

20\
iR o

SR v,

[=-] f\\‘ -.'. I' #\‘
= 4 AN i
— 7 N\

& v\, ’
10 ’ RA

- A} -. ,’

v\~
12 "\%
e+ Thickness = 0.5 mm
-14 b5 Thickness = 1.0 mm /|-

= «Thickness = 2.0 mm

-16

400 500 600 700 800 900 1000 1100 1200
Frerquency (MHz)

N3UN 4.10 uanae |S,,| vesengenafitnaueiiieyiinsusus1 MD thicknesses

mﬂgﬂﬁ 4.10 uaneA |S;,| vesansemiafitiauaiiiorhnisusua MD thicknesses
Flamastsiliio MD thicknesses = 0.5 mmléa [Sy| < -6 dB iF23AUT 464-561 MHz uae
600-970 MHz aasnsoasoungueiunuldauldlurasanad 470-960 MHz widmiu
MD thicknesses = 1.0 mm wag MD thicknesses = 2.0 mm Huldua |Sy4| < -6 dB Tuta9
A21UA 467-1017 MHz WAz 391N E 461-942 MHz aud du d9ldidanlddn MD

thicknesses= 1.0 mm LleenlviAnduiiuauduuuninsnaseuagueuaudldany

4.3 un&sy

9NATIATIZRNINTEIN BN ST LA uRNvesasentd Wuluivesnisusu
Tassadramdnifielildnsdmesiuuizan lnenisfmesinasgiusenaudie n1sw
ﬁi’%mﬂqL%auﬁaismqumﬂauﬁmmwﬁu Meander Line USUAMNE1IUDLEUARTUTZINN
NTIUARTUULLAZATUAN USUTIWIU Loop U89 Meander Line 5au83USuAMuuIu8g MD
NaN1591809lAETITUNTBURUAUTLUNIAG S| < -6 dB maeag uaIudlduTideIns
Faust 470-960 MHz wu Jie 1’7immzam%agjmqmﬂmauuumaﬂ Meander Line asnfiszes

2 mm @ (; Mngnagdanueegi 40 mm 31IUTOU N U89 Meander Line #dfign oy

9 Y

7 6 59U Wag Thickness Y89 MD AU 1 mm
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N1INAdaU

5.1 umin

TuuwilagnanfenismadeuuasnanisaaouaIse N ARULUY 399391500
msrfimesiugiuresaiseinia Usznaulude Sufiuauduuuding uuusunmsunsnszane
Aduly 3 SUIU D Xy Xz WaY Yz Way SRIITENETBIEEeINe Lﬁaﬁué’ummgﬂé]’aaﬁ’umaﬁ

1921nn1531809

5.2 @1891N1AAULUU

Tasead 1990381891 1AUTE NOURIBFILNI NI 1eAauTldinadan Meander line
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This research presents a miniaturized wideband meander line antenna (MLA) using a magneto dielectric (MD) material for
mobile device applications. The proposed MLA attached the lower and upper ground planes of the folder-type chassis,
connected electrically by grounding strip. The MD material (ECCOSORB MF-124) was subsequently loaded onto the
coupling element area of the MLA. The MD-laden MLA was ultracompact (10 mm x 25mm x 1 mm), with the electrical
size of 0.015A%0.0391x0.00151 at 470 MHz. The surface current distribution was simulated to determine the optimal
parameters of the MD-laden MLA. To verify, a prototype antenna was fabricated and the experiments were performed.
The measured impedance bandwidth (|S;;|<—6dB) covered the frequency range of 467-1012MHz (73.6%), with an
omnidirectional radiation pattern. The radiation efficiency was in excess of 90%, rendering it suitable for the DVB-H/

LTE13/GSM850/900 applications.

1. Introduction

The recent decades have witnessed an accelerated develop-
ment of wireless devices and mobile wireless communication
devices to cater to diverse needs of consumers. Modern
mobile devices are thus becoming more compact and more
affordable, with attractive appearance and smart functions.
As a result, the newer generation of mobile communication
devices requires smaller and more cost-effective antennas.

The mobile devices or handsets that simultaneously oper-
ate in the DVB-H (470-862 MHz), LTE13 (746-787 MHz),
and GSM850/900 (824-894 MHz/880-960 MHz) bands
present an implementation challenge of integrating an inter-
nal antenna in the compact device. The challenge multiplies
for the lower-end frequency (470 MHz) whose free-space
wavelength is substantially large (1,=64cm) and thus the
sizable device antenna.

Recent research has proposed several types of miniatur-
ized antennas for mobile applications. In [1], a modified

earpiece cord was proposed as a wideband DVB-H antenna,
whereby the cord was wound into a high-impedance radio
frequency (RF) choke at one-quarter wavelength distance
from the handset connection. In addition, a four-feed
antenna scheme was proposed to generate nine frequency
bands for mobile phones; however, the implementation of
the scheme required the impedance matching circuit, result-
ing in the costly complex structure [2]. In [3-5], the
frequency-tunable antennas were realized by applying DC
bias voltage to an active component. The antennas achieved
the resonant frequency across the desired frequency bands.
The antennas, however, required the tuning circuits to realize
the resonant frequency, contributing to the low antenna gain
due to the interfacial component loss.

A novel modified compact monopole DVB-H antenna
was proposed by extending the feeding line, which was
placed atop the ground plane, and modifying the antenna
element line. Nevertheless, the antenna usefulness was
restricted to the DVB-H application [6]. In [7], a DVB-H
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antenna was realized by combining a coupling element and a
folder-type mobile phone chassis. The antenna utilized the
chassis as a main radiator, and the compact coupling element
was loaded on a ferrite without a matching circuit. The
impedance bandwidth, however, satisfies only the DVB-H
(468-719 MHz) requirement. In [8], an internal antenna for
mobile handsets could achieve a very wide impedance
bandwidth, covering the LTE13 (746-787 MHz), GSM850
(824-894 MHz), and GSM900 (880-960 MHz) bands. It,
nevertheless, partially covered the lower-end frequency for
the DVB-H application (470 MHz). Theoretically, an
antenna should have as low reflection coefficient as possible.
However, |S;;| of less than —10dB is practically hard to be
obtained for small antenna. Some antennas in the previous
works can accept a —4.5 dB reflection level [9]. From open lit-
erature, most mobile device antennas are designed using
|S;;| < —6dB criteria [1, 3, 4, 7-10]. In [10], the authors pro-
posed a planar meander monopole antenna for multiband
wireless communication using parasitic strips and a sleeve
feed. The antenna achieved a wide impedance bandwidth
(101.7%) from 440 to 1350 MHz (voltage standing wave
ratio<3), satisfying the DVB-H/LTE13/GSM850/900
requirements. Nonetheless, the antenna radiator suffered
from the bulkiness (65 mm x 44 mm), rendering it unsuitable
for the compact application.

In order to obtain a broad impedance bandwidth while
maintaining the compact size of a miniaturized antenna,
studies have introduced the magneto dielectric (MD) mate-
rials to the antennas [11-18]. The antenna size reduction
and bandwidth improvement were achieved using the MD
materials with moderate permittivity and permeability. In
[11], the impedance bandwidth of a printed antenna over a
magneto dielectric substrate of thickness () can be approxi-
mated by

_ 961/ (ule).(t1A,)
e V2(4+17,/[€) M

In (1), the miniaturization is governed by a factor that
suppresses the wavelength by a factor of , /ue. The relation-
ship between the permittivity and permeability of an MD
material and the resonant wavelength is given by

Arcnan = 2
resonant — 4
\/ UE

where A, is the free space wavelength. The impedance
bandwidth of the antenna can be enhanced by a factor
of \/ule, (u>e).

Specifically, this research proposes a miniaturized
wideband meander line antenna (MLA) using a magneto
dielectric (MD) material for mobile device applications. The
MD-laden MLA could achieve a substantial size reduction,
with the physical dimension of 10 mm x 25mm x 1 mm and
the electrical size of 0.015A x0.039A x 0.0015A at 470 MHz.
Furthermore, the antenna achieves a wide impedance band-
width (|S;;] <—6dB) from 467-1012MHz, covering the
target operating band (470-960 MHz), and a high radiation

(2)
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FIGUREg 1: Simulated relative permittivity and permeability of the
experimental magneto dielectric substrate (ECCOSORB MEF-124)
relative to frequency (400-1000 MHz).

TaBLE 1: The simulated relative permittivity and permeability
of ECCOSORB Mf-124 for various operating frequencies
(470-960 MHz).

Operating band/(MHz) ¢ tan 8, o tan §,,
DVB-H/470 22.30 0.011 7.22 0.111
DVB-H/666 22.27 0.016 7.12 0.157
DVB-H/862 22.25 0.018 7.05 0.180
LTE13/766 22.24 0.020 6.99 0.199
GSM/850 22.23 0.020 6.98 0.202
GSM/900 22.22 0.021 6.96 0.211

efficiency in excess of 90%. The MD-laden MLA is thus suit-
able for the DVB-H/LTE13/GSM850/900 applications.

The organization of the research is as follows: Section 1 is
the introduction. Section 2 details the design and evolution of
the proposed antenna. Section 3 deals with the parametric
study of the antenna, and Section 4 discusses the antenna
prototype and experimental results. The concluding remarks
are provided in Section 5.

2. Design of the Proposed Antenna

2.1. Magneto Dielectric (MD). MD materials are synthesized
materials that are normally realized by an accurate material
property characterization method. Specifically, in an MD-
loaded antenna, its response is governed by the frequency-
dependent relative permittivity and permeability of the MD
material. Both relative permittivity and permeability are
complex numbers [19-24], which can be expressed as

€ =s'—j£"
' ! . n (3)
=0 —ju -
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FIGURE 2: The geometry of the proposed meander line antenna (MLA) without MD (not to scale): (a) the dimensions and (b) the varied

parameters (Ji, N, and I;) for the optimal impedance bandwidth.

This research used ECCOSORB MF-124 as the MD
material. Figure 1 illustrates the simulated real and imaginary
(complex) permittivity and permeability of the MD material
at the frequency range of 400-1000 MHz using CST Micro-
wave Studio Suite [25]. The ECCOSORB MF-124 in the
library of [25] has an average relative permittivity (¢,) and
permeability (u,) of 22.25-j0.4 and 7.05—j1.24, respectively.
Table 1 tabulates the dielectric loss tangent (tan 8, = ¢"/e')
and magnetic loss tangent (tan §, = u"iu') over the target

operating band (470-960 MHz).

2.2. Antenna Structure. In this research, the proposed mean-
der line antenna (MLA) [26] attached the lower and upper

ground planes of the folder-type chassis, connected electri-
cally using grounding strip. Both ground planes were realized
on FR4 substrates whose relative permittivity and loss tan-
gent were 4.4 and 0.02, respectively. The magneto dielectric
material (ECCOSORB MF-124) was subsequently loaded
onto the MLA.

Figure 2 depicts the geometry of the proposed MLA in
the absence of MD, which was modified from [7]. Accord-
ingly, the initial parameters were as follows: 40 mm x 85 mm
(Lx W) for each of the ground planes; 25mm x 10 mm
equally for the physical dimension of the MD material
(ECCOSORB MF-124) and the coupling element area (the
MLA region), where the MD material sits on the MLA
region; 155° for the folder-type chassis angle (f8); and 1 mm
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Fiure 3: Simulated |S;,| of the proposed meander line antenna
without MD (non-MD MLA).

FIGURE 4: The geometry of the proposed meander line antenna
(MLA) with MD (not to scale).

for the width of the strip line for both the coupling element
and the grounding strip.

Figure 3 illustrates the simulated |S;,| of the proposed
meander line antenna (MLA) without MD relative to fre-
quency (400-1200 MHz). The non-MD MLA achieved two
distinct resonant frequencies at 500 MHz and 850 MHz.
The impedance bandwidth (|S;,| <—6dB) of the first reso-
nance was narrow (474-547 MHz), while that of the second
resonance was very wide (690 MHz and beyond). In the
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FiGure 5: Simulated |S;;| of the proposed meander line antenna
with MD (MD-laden MLA).

figure, the impedance bandwidth of the non-MD MLA
failed to meet the DVB-H/LTE13/GSM850/900 require-
ments (i.e., 470-960 MHz). Therefore, the antenna was
further refined to achieve the target operating band. More
specifically, a magneto dielectric substrate (ECCOSORB
MF-124 MD) was loaded onto the MLA region to arrest
the impedance bandwidth on the higher-frequency end.
Figures 4 and 5, respectively, demonstrate the geometry
and the simulated results of the meander line antenna
with MD (i.e., the MD-laden MLA).

Figure 5 illustrates the simulated [S;| of the proposed
meander line antenna (MLA) in the presence of MD. The
MD-laden MLA achieved a broad impedance bandwidth
covering the frequency range of 467-1017 MHz, rendering
it appropriate for the DVB-H/LTE13/GSM850/900
applications.

The optimal impedance bandwidth of the MD-laden
MLA (Figure 5) was achieved using surface current analysis
by varying the junction between the feeding strip and the
coupling element (J;.), the number of meandering turns
(N), and the length of the grounding strip (I;), in addition
to the MD thickness.

2.3. Surface Current Distribution. The surface current analy-
sis of the MD-laden MLA was simulated using CST Micro-
wave Studio Suite at low (470 MHz), center (685 MHz), and
high (900 MHz) frequencies of the target operating band. In
Figure 6(a), at low frequency, the simulated surface current
distribution was bidirectional, similar to that of the conven-
tional dipole antenna. More specifically, the current flowed
in two directions. The first direction was from the feeding
point to the coupling element, in which the current was ini-
tially strong (around the feeding point area) and dissipated
as it travelled along the coupling element. The second direc-
tion travelled from the feeding point along the upper edge of
the lower ground plane through to the grounding strip and
the lower edge of the upper ground plane. Thus, the imped-
ance bandwidth at low frequency was largely attributable to
the feeding point and the grounding strip, as evidenced by
the strong surface current.
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FiGure 6: Simulated surface current of the MD-loaded MLA at (a) 470 MHz, (b) 685 MHz, and (c) 900 MHz.

At center (Figure 6(b)) and high frequencies (Figure 6(c)),
the simulated surface current was strong along the feeding
strip and around the upper-left edge of the lower ground
plane, resembling that of a dipole antenna along the y-axis.
Thus, the feeding strip was mainly responsible for the
impedance bandwidth at center and high frequencies.

3. Parametric Study

The optimal MD-laden MLA was realized by varying the
junction between the feeding strip and the coupling element
(Jio)> the length of the grounding strip (I;), the number of

meandering turns (N), and the MD thickness. The simula-
tions were carried out using CST Microwave Studio Suite.

As previously shown in Figures 6(a)-6(c), the feeding
strip played an important role in mediating the impedance
bandwidth (|S;,| <—6dB) at low, center, and high frequen-
cies. However, given the strip line width of 1mm [7], the
junction between the feeding strip and the coupling element
(Jz.) was instead varied for the optimal joint location.

Figure 7 illustrates the simulated impedance bandwidth
(IS1;1) for variable joint locations (Ji,~J;.3), 2 mm apart. For
Jic1> the simulated |S,| was below —6dB in the frequency
ranges of 467-565 MHz and 601-1057 MHz, partially cover-
ing the target operating band (470-960 MHz). For J;, and
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Figure 7: Simulated |S,,| of the proposed MD-loaded MLA for
variable junctions between the feeding strip and the coupling
element (J;.).
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Figure 8: Simulated |S,,| of the proposed MD-loaded MLA for
variable grounding strip lengths (I;).

Ji3 the simulated |S,,| was below —6 dB from 467-1017 MHz
and 466-870 MHz, respectively. Thus, J;, was the optimal
joint location because of the broader impedance bandwidth,
covering the entire target operating band.

As shown in Figure 6(a), the grounding strip played a
crucial part in mediating the impedance bandwidth under
the lower-frequency condition (470 MHz). Given the strip
line width of 1 mm [7], the ground strip length (I;) was var-
ied between 37, 40, and 43 mm. Figure 8 illustrates the simu-
lated [S,;| of the MD-laden MLA under variable /. With
Il =37 mm, the simulated |S;,| was below —6dB from 473
to 1019 MHz. For /=40 and 43 mm, the simulated |S,,]
below —6dB was realized in the frequency ranges of
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FiGurg 10: Simulated |S,,| of the proposed MD-loaded MLA for
variable MD thicknesses.

467-1017 MHz and 462-866 MHz. Given the target operating
band of 470-960 MHz, the frequency range (473-1019 MHz)
of ;=37 mm failed to cover the lower-end frequency of the
target band. On the other hand, the frequency range associ-
ated with [, =43 mm (462-866 MHz) was considerably short
of the higher-end frequency of 960 MHz. Meanwhile, the fre-
quency range of [;=40mm (467-1017 MHz) fully covered
the target operating band.

In the MLA, the electrical size of the antenna could be
enhanced while maintaining its physical size by varying the
number of meandering turns (N). Figure 9 depicts the simu-
lated [S,,| of the MD-laden MLA for variable numbers of
meandering turns (N): 4, 6, and 8 turns. With N=4, the sim-
ulated |S;,| below —6 dB encompassed the frequency ranges
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FiGure 12: The simulated and measured |S,| of the MD-loaded
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of 457-514 MHz and 677-1200 MHz, partially covering the
target operating band. With N=6 and 8, the simulated S|
below —-6dB covered the frequency ranges of 467-
1017 MHz and 483-882 MHz, respectively. Given the target
operating band of 470-960 MHz, the optimal number of
meandering turns (N) was 6.

Figure 10 illustrates the simulated |S;;| of the MD-laden
MLA for variable MD thicknesses: 0.5, 1, and 1.5 mm. With
0.5mm thickness, the simulated |S;,| below —6 dB spanned
the frequency ranges of 464-561 MHz and 600-970 MHz,
partially covering the target operating band. With the thick-
ness of 1 and 2 mm, the simulated |S,,| below —6 dB covered
the frequency ranges of 467-1017 MHz and 461-942 MHz,
respectively. The optimal MD thickness of 1 mm exhibited
the best impedance matching.

4. Antenna Prototype and Measured Results

To verify the simulation results, a prototype antenna was
fabricated and the experimental results were measured, as

shown in Figure 11. Figure 12 compares the simulated and
experimental |S},| of the proposed MD-laden MLA, in which
the corresponding impedance bandwidths (|S;,|<—-6dB)
covered the frequency ranges of 467-1017 MHz (74.12%)
and 467 MHz-1012MHz (73.6%). The simulation and
experimental results were in good agreement.

The measurement setup uses identical transmitting and
receiving antennas. The transmission between antennas was
measured using network analyzer model Agilent E5061B car-
ried out in the anechoic chamber. To evaluate the radiation
characteristics, the radiation patterns were measured in three
principal planes (xz, yz, and xy planes). The tested antennas
are separated by the distance of the far-field region. Mean-
while, the bore sight gain was measured based on the Friis
transmission formula that can be accomplished by swept fre-
quency. Figures 13(a)-13(f), respectively, illustrate the simu-
lated and measured xz, yz, and xy plane radiation patterns of
the MD-laden MLA at 470, 666, 766, 850, 862, and 900 MHz.
The proposed MD-laden antenna exhibited an omnidirec-
tional radiation pattern over the experimental frequency
band (470-900 MHz). The maximum simulated and experi-
mental cross polarizations (x-pol) were approximately
—10dB for the xz, yz, and xy planes across the experimental
frequency band. The simulated and measured half-power
beamwidths (HPBW) of the yz and xy planes were 79.2°-
88.2" and 73°-85.8", respectively. Despite the cross polariza-
tion, the radiation pattern of the MD-laden antenna was
omnidirectional, rendering it suitable for DVB-H/LTE13/
GSM850/900 applications.

In Figure 14, the minimum and maximum simulated
gains were 0.86 and 1.65dBi, which were agreeable with
the corresponding measured gains of 0.65 and 1.54dBi.
The simulated radiation and total efficiencies of the MD-
laden MLA were 91.7-95.6% and 69.9-85.5%, respectively.
Table 2 tabulates the xy and yz plane HPBW, gains, radi-
ation, and total efficiencies.

5. Conclusion

This research has proposed a miniaturized meander line
antenna (MLA) using a magneto dielectric (MD) material
for mobile device applications. The proposed MD-laden
MLA attached the lower and upper ground planes of the
folder-type chassis, connected electrically using a grounding
strip. The MD material (ECCOSORB MF-124) was subse-
quently loaded onto the coupling element area of the MLA.
The antenna was ultracompact (10 mm x25mm x 1 mm),
with the electrical size of 0.015Ax%0.0391x0.00154 at
470 MHz. The surface current distribution was simulated to
determine the optimal parameters of the MD-laden MLA:
the junction between the feeding strip and the coupling ele-
ment, the length of the grounding strip, and the number of
meandering turns, in addition to the MD thickness. To ver-
ify, a prototype MD-laden MLA was fabricated and the
experiment was carried out. The measured impedance band-
width (|S;,|<-6dB) covered the frequency range of 467-
1012 MHz (73.6%), covering the entire target operating band
(470-960 MHz). The radiation pattern was omnidirectional,
with the antenna’s radiation efficiency in excess of 90%,
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TaBLE 2: The radiation performance of the proposed MD-loaded
MLA.

Characteristic

f;/fgl‘sncy HPBW of x HPBW of Gain Radiation T:f;al
yplane (°) yz plane (°) (dBi) eff. (%) (ty.)

0

470 85.8 88.2 0.86 94.9 78.8
666 81.1 84.6 1.46 95.6 85.5
766 79.9 82.5 1.65 93.6 85.5
850 74.9 80.5 1.27 92.6 75.1
862 74.4 80.2 1.21 92.5 73.7
900 73 79.2 1.06 91.7 69.9

rendering it appropriate for the DVB-H/LTE13/GSM850/
900 applications. The principal advantage of the MD-laden
MLA lies in its ultracompact size and thereby can be readily
integrated in the small mobile devices.
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