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Academic Year 2021
ABSTRACT

The thesis presents design and analysis of the fabric antenna with the right
angle slot for wireless body area network. The antennas were designed on a polyester
fabric base material with the dielectric constant of 1.3 and the thickness of 0.898 mm.
The conductor material was Shieldlt Super fabric with thickness of 0.17 mm. The
antennas were simulated and analyzed by CST Microwave Studio.

Two structures of the antennas were designed in this research. These
structures could have independent frequencies and they could be polarized with both
linear and circular. The first antenna was characterized by two frequencies and two
polarizations. The first frequency was 45° linearly polarized and the second frequency
was circularly polarized. The second antenna was dual-frequency and circularly
polarized on both bands. The right angle opening was designed with approximate Ay/2
length to respond to wireless body area network usage with frequencies of 2.4 GHz and
5.2 GHz bands. The antenna bandwidth was calculated based on the return loss of less
than -10 dB as well as conducting circular polarization analysis at Axis Ratio values
of less than 3 dB.

The measurements and test results of the fabric antenna with the right angle
slot showed that the first antenna had bandwidth of 2.25 - 2.5 GHz and 4.9 - 5.5 GHz.
The second antenna also had two bandwidths of 2.34 - 2.54 GHz and 4.88 - 5.9 GHz.
Both antennas had circular polarization characteristics with the average axial ratio
bandwidth of 200 MHz. The antenna's far field radiation pattern was virtually bi-
directional at the XZ and YZ planes. It had an average antenna gain of all frequencies
with an approximate of 5 dBi. The measurements and test results of different
characteristics revealed that the antenna characteristics were similar to the results of
simulations with CST Microwave Studio. The antennas in this research can be applied
to modern technology of wireless body area network such as health and medical.

Keywords : right angle slot fabric antenna, dual band, 45° linear polarization, wireless body
area network, circular polarization
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C Wave velocity

D Directivity

dB Decibel

dBi Decibel Isotropic
dBm Decibel milli watt

e Total efficiency

e, Reflection efficiency
e. Conduction efficiency
eq Antenna radiation efficiency
f Frequency

f. Center frequency

fn High frequency

fn Notched frequency
fi Low frequency

fr Resonance frequency
G Gain

Go Maximum gain

GHz Giga Hertz

h Thickness of substrate
m Metter

Mbps Mega Bit Per Second
MHz Mega Hertz

mm Millimeter

mwW Milli watt

P; Input Power

P Reflection Power

F Output Power
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Praa Power density

Q Quality Factor

Rx Receiver

R, Radiation resistance of the antenna
Ry Loss resistance of the antenna
Si1, S» Return Loss

Si2, Sy Insertion Loss

t Thickness of microstrip

Tx Transceiver

W Wide

u Radiation intensity

U; Radiation intensity of isotropic source
Unmax Maximum radiation intensity
|4 Phase velocity

Zo Characteristic impedance

Zy Load impedance

Zin Input impedance

€ Absolute permittivity

&r Relative dielectric constant
Eeff Effective dielectric constant

A Wavelength of free space

Ay Wavelength of material

o Electric conductivity

w Angular frequency

r Reflection coefficient

BW Bandwidth

CDMA Code Division Multiple Access
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CST Computer Simulation Technology

DCS Digital Cellular System

DSS Direct-sequence Spread Spectrum

EDGE Enhanced Data rates for Global Evolution

ETSI European Telecommunications Standards Institute

FCC Federal Communication Commission

GPS Global Positioning System

GSM Global System for Mobile

HSPDA High Speed Downlink Packet Access

IEEE Institute of Electrical and Electronics Engineers

IMT2000 International Mobile Telecommunications for the
year 2000

ISM Industrial Scientific and Medical

Ty International Telecommunication Union

SNR Signal to Noise Ratio

TEM Transverse Electric-Magnetic

™ Transverse Mode

UMTS Universal Mobile Telecommunications System

UWB Ultra-Wideband

VSWR Voltage Standing Wave Ratio

WiFi Wireless Fidelity

WIMAX Worldwide Interoperability for Microwave Access

WLAN Wireless Local Area Network

WPAN Wireless Personal Area Network
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aa ca ¢ ~ . A T v Ay Y a
LarISNsHuRTIUTLAUG (Matching impedance) Adgliidudon 31nuAdeaUaIg01nAT
W1unndunidsaziunisesniuvatgeiniAkauANd niNefinseuAguNIASEILAINA LY
WLAN Aosiais 2.4 GHz 9 6 GHz n39ATaUAgUNINIFINAINATuE W UWB @B 3.1GHz &1
10.6 GHz uanfluneuAdefioanuuuaseInANiuauaIUDATEUAGUAIS 2.4 GHz 69 10.6

GHz F9vinlAau1505995UnNIStgulanae 1 WLAN wazUWB S2unag9auisatdanle L



wmsgiuaaluung (WMAX) Idfeudnsesnuuuasenniauauauineduiidededo
lsiannsaauauiuusUnsusnszaneaduld
nuATeidavhiifefunAnlumsinsedeanuuuuazadeaeeIniaas a1 Ad
wuteadaguandmiuiaIerisvdnussneuuulfmenilasaiaidudeuaunsasesiu
nsldarug1uAdLd 2.4 (2.4-2.485 GHz) wag 5.2 GHz (5.15-5.35 GHz) AINNIMIFIU IEEE
802.11a/b/g/n mammﬁﬁuuugﬂﬂﬂﬂmmmwﬂ?{uﬁmﬁauﬁ’uv”;’/qaawmmmﬁi%’fmu

lassaievesatgeniafignesnwuuilasnsuuiangiusesvilalnfieamesdesenuiudifinn

Y

Shieldit Super fignianzdeadayuain 2 vuna eV iduiiuinszatendu 2 g1uaiud
AD 2.4 GHz wag 5.2 GHz Feausaeentuulidaudndasereny arwe1n1ARYoulayy
angnileudsaivdauululasansunaeusamemioudowuy SMA NM138RNKUUATERINTA

lagin1sdnasdlassasienelusunsy CST Microwave Studio waznsiATIeinMENwMENugIY

ANg 9 NdrAguesasemAazeduluundaly

1.2 InguszaeAnisidey

12.1 Anwmdnnisdeasinsevisusiiaseniowuulians (Wireless Body Area
Network; WBAN)

122 a¥uageine wazdtaesmfiineivesagoiniaiieeniuudiie lUsunsy
CST Microwave Studio

123 Tnsgvinudnuaedng 9 vesmgeima Weluussgndlddmilasengly-

ANYUUTNNEUY WY

1.3 YBULYAYAINITINY

1.3.1 99nuwuukaraseaeIMAYealayuaINd M uAToYIEUSINS N8 KUY
[EGRE

132 awemadiuuudeadaguain lnsliianfidenaialadidnasnivinfy 1.3
AUV TANFIUTBUMAU 0.898 L.

133 eenuuuasomaAliannInnseungu 2 81uANET 245 GHz (2.4-2.485

GHz) Wag 5.25 GHz (5.15-5.35 GHz) anua1nsgu IEEE 802.11
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1.3.4 @1891MATUUUFUNITUNN T8A18ARULUUADITIANS (Bi directional) wazdl

IMSIVL18UDENEDINELLUPENT 2 dB

1.4 Tumaumsise

1.4.1 ﬁﬂwmqwﬁLLazmummismﬂisuﬁL?iaast’faqﬁwu%’aj

142 Anw13snnsldlusunsy CST Microwave Studio Wi 9¥n1508ALUUKAZAS
pngimnsimesene q Medestunuise

1.4.3 sanuuukazlAsizilaseas1saeeinialaeldlusunsy CST Microwave
Studio

1.4.4 a51981891N1AT@IVUTANFIUTOUUURT kazsn1TInAmIsdmesen q
Aefuageinmafieiiouiisuiunanssiass

1.4.5 IR9NUNAMNEASULILEUONANTITIRELATEIANUN

1.4.6 ajunanuideuazinvisenuatuauysal

1.5 Usslewiiiianadnazldsu

151 FanudalalunisldTusunsy CST Microwave Studio 714 lunseeniuy
agoInA

1.5.2 W1landnnseenkUURAANENYMEANNY Yosa188INAYaIUALNAIN

153 fanudilasasiirnudnnglunisldiesosdotndaeainie

1.5.4 aunsouwEnnseankuuaigaInIAkuutesUayuaintulssgnaldauluamu
Snvauzduq 16

1.5.5 ihanudilaluiauasoimeagiuuuay o la
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6

unilgnanimgufifiugiuiiietessunuidstiauensooniuu Tiemeviuay
naaeuasan i denlayuandmiueietieudnuieniswuliae 2 duannud dad
Tuunilznamdmquieng 4 Aiertes Uszneudremaluladinied wldaeusnasiame
Wireless Body Area Network (WBAN) hag 119551uA38918L5ae IEEE 802.15 W151dlimes

fugIuresEgeIMa angdslulasansUiazangeiniFuuutealn

2.1 AunNgvasagaInd [3] [4]

angonadugunsallniwdandandsundsnuliiiiiduedusdwdnlnivie
lunanduiv Undangomaazgnldiuiniesdaazinsesiuing lunsds wsesdeingazdou
AdunseualniinaudIng Wgalniinaesvesaisenie 3nUuaIe0IN AN 9

[ a 1 I3 A a [y YY) [}
wasuInnseualuglvesnauwlmaniii (pdwing) lunsiu angeinesdnundaruves
pauktmanlnih iefazaiaussiulnihvwindnitliihvesiu wswulnihiazgndesialy
TpSassuieyinnseeudgya umall
[ Qy 1 dl o [ & a dl Y & 1 aa a
awonadududiundrAnvesaunsalnnuliniilding lawnanidingnszaredes
= Y fa 4{' o d' 6 U 6 ‘:l' Ql' r-il' a

A llnsyirdIngaeanie 1ATessudeans 13ans nsdniedoudl waznsdedlsnniviuy
wenanildudsldivaunsal wulseglsssadnludilulasiviulians vays wawl¥ane aain RFID
WAZUBUAUINGTIAUANS

g luateainieazusenaunielassas1auseiiuilans Nsenindawundu (driven
element) N5 a9 NH1TNIEHIUNI9ABENT 1T ULAT DIAINI LA 995U 1AS DAz UeAUlA
nszualnh Aldurduvesdidnasoulraniuaigeinia nszualniisinanazasreauiulviag
Hupdulumuddmwiou auundaiiudeusdatluniunaimaiiazgnuinszatsesnliain
mammﬁLsi’f’lgjmmﬂiugﬂsuamﬁuaumLLﬁLﬂﬁﬂiWﬁﬂmﬁauﬁmmmN NIAUSU ARULMEY
v YR ' = A & =~ v = a & Aa &
Wunuiufateemea auiusiiantagininndunauazas1ws@uuudians saulud A un
2998189101 YN lnIndLlanaseudauadounnavlunduin Wunisasranseuamduaduly
a1897NA

awomaauneenwuuldwseTuaduInglaluyniimnsuasiumig fuisendn

a180111A1NAANIS (Omnidirectional antenna) #savounaglvisukazdslalufianiganizi



SuninageInIAlanIEiAn1e (Directional antenna) n38a189IN1ANTINTVLBE (High
gain antenna) dMTUAN88INIABATINITVEIUE B1ARBILDRUUNYTEAIUTENBUBULNILANT
Lafinsaatanunislninidiiuiesesdamsewmiossuusiod 19la gunsalaanailaun 8auun
nHIA (parasitic elements) LnsagiouAA UWUULAY (parabolic reflectors) %58 @188107#
Unes (Horn antenna) eiintnfidinsaduinglegluguauamiasuuuunisuinszany
4 dy o
AAUNADINTBY
angonenIngnas1wulul 1888 Tneunilandynieesiiu weledsy B3nd senine
a A a ¢ a A g Ay val P 1%
mvaaaswuuyniinieiigatauiieguesaauwdwvdniiinlaiinisanaziulineu udiniy
N veaunelandindsn wundiaduiadingliinaiveiniawuulainanaedalingaluia
YInguuNiazounduLuulAwiolidn1 91U S ulazds waldanuinanuvesily
Annalen der Physik und Chemie (vol. 36, 1889).
anweniAnfasdewugdiuiiilugunsalliindduawuudivinlnic aduingdu
d' ' <3 A (Y 1 ] < A =] =
mauwiwAn i NvudsdyyuriueInta Aenuswewas wasieuaglifinsagdslunis

[V a

a9 asevdaviaTosfudyaingatldenendyann (Toya) lussuulduinisesnainie

)

Wy Insvimd Insdwdidletio 1evhe (WLAN) iaseviedeya aenseduazlunisiieules

uuugasiegn (Insdnwel) nsiwenlesnnaiien aunsalriuauanszezlnavang ae gy

o

oy
in3eadnUseglsesauazidueesliaesozling wazdu q 8nun rduingddlilaensdunis
as1afalumeluladeing qmuiasnnsinien Ingansmanslunnnsdindesdsdyna uas
\3esdudnnauiivuldesdeddaeaine Imaﬁmammﬁﬁqﬂdnmm%%gmﬁaua&_j WU
angormaneluing AM vienelusdosneufiamesuduiioudidadmerie

amdnuazmsidanunazmaluladifey awermalaesialuazaneglunisluass
Ussinmsteludl

YIUDDULRNIEUNAANI U TY

o

1. @DINATOUNANIT YiTpaNgBINFANE

=

widgSuvisedanusetesluyniiams awenauszianilazgniunldilosundsduiusiu

&

v

anduliifunsdnvdolidaou wmnfudsgnldnanuisdnseludumidiagenimanis
frnsazivualugiiull vieifisud oanarlddrslunsianldanlugaiiaseiniaaniy
fevnslifinaudndusadld

2. angoIMAWIETiATNG YEeaEeINIALUY d1Adu Fellinguszasdiileds

A v

wsesudygaluiiamdladiamamilaviteguuuulaguuuunis (Ssngu: pattern) lnglanie
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2.2 lasetnglianguusienieuyed (Wireless Body Area Network: WBAN) [2]

Tutagduinisimuinalulagvatswuudmsunislduseniuud lsanalngasnns
WAsgIUsERULIUITIRN SR elula8idn vz Junsusulsunaluladfuldaun soud
Tdusenuuud tianelavse lunmsimuimalulaginidmsuuseauuudlians waluladusen
wuuddraldmudnuvugvedlaseiignisidaundlanudnvazasinisidnldiniedng
(Network) #ail

syuuN3d oanstiansuuuuui sy uduazszuudearsliateduyana i
walulafuazundnilndidsstu udegslsfinudinsdidmiuandeiugy gunsaivesdeans
Ianguusianeuywdanunsaeguusinig wseneluseneuywdlalaeiinnudasaduiu
o392 uardudiuvesineuyed luduvostesdya avedomslimeuuimenyudldgn
diauadisnudnuniuand ety msdeansliasduyana el ovessenieuyusiidu
fanansdaUsznauludelediy h shlvinisunsnszanegnanneuiinitlukuveIniaing uas

sULUUYRIEEa AR AN SENUAUT ISy YE

~ 7 BANP

User Interaction Black Box
Interface 1
- " Physician }
Sensor * xf} )@, h
\ 7 N\ e /4 A
Inertial \ \ 5&:0!@1] beaad ; ,“&) \

NV
Information

BT e
;J %

Remote Access

Blood Pressure
Sensor

Pulse Oximetry
Sensor Sensor Medical
!

Emergency

o /
= / /
y .E / r:t_'?.: /
N2/} o V] — /

Y
/

/

UM 2.1 lasenglsaneuusiamenyud

n15Useene lfaulasanglianguusanieuyudLagn1saLainYIguA I 1anTs
wnnglunisuszgndldauvedassiisuusemenyvdwuuliaeaglddmsunmssnwigua
FUNN MINTIVIANTIOULVDII1NY MsAnuEhneIn1siUie Tneaslimsfndssuiges

AR veasemenyedlnegunsalnenaansadsdyatoyanduindagldaunie
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wnndiieltlun1siimsigsiennis MiaLﬁWi%ﬁﬂaWﬂWiﬂ@ﬂ@U'ﬂU Wedeaiu wavvinlinsianulsa

nouls

@ In body Node

Access Networks l: )‘
O Body surface Node e P e
© On body Node ’ \ > {W :1‘

/ \\A/ physician

’
p \
HOSPITAL
‘—l Jr— ”. External Node ! ‘\
- - ]
y N ! \ r
/ b i
\ 7w I
/ s ¢ ~
I \ % al ]
I
1

| @
I
‘\ / \ = > Medical Information
\ 4 \ ! database
3 - \wian ) '
o TR pud ) /
) © W i, e
_— Rl 7Y J e
\\ 7 b ) r—
Wi i 7’ 0 W
L J =
WBAN Emergency

E-Health

v o

U 2.2 uansihegunansindsgUunaningiaindayny

Tassnguuieneuyedldgnnanisefusnludiuvedlasswdauyana (Personal
Area network: PAN) T Prof. Zimmermann lé§u nsendoslunisadeassduunfaig eg
Tnssdnsvusneneuyudlaeif ugiuanauresifiaoisumeluladuiausasgiond
(Massachusetts Institute of Technology: MIT) wasfiusewledidu waldnafansTIniuves
gunsnirenfiunesiidaundn uarmadeusemsdeaslimessevdu madeudeiugnadis
JurunshnsedeasiugunsallndiAssdesnds 2 wes Tull 2008 Tasstrsuusamenyudld
oSuwan mundenNisuinuilndiandsifediuni wesieniouywdannssunisan
an1tuAmnsliiuaydidnnsedndléfanmuesiaungy 6 wiefliFondn IEEE 802.15.6 it
Avununsguvestassnglfaguuanouyed 1nsg IEEE 802.15.6 leuanslilumnsned
2.1

AT 2.1 UIMT91U IEEE.802.15.6 [2]

YU AN
LN 1UosnI1 3 LIRS
Aaa laiiAu 25 W
dn1Ueya 10 kbps §4 5 Mbps
gUqumiLs‘?‘iawia WUUA?
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Ingaziiuinlassiglaeuunaneuyedlidtaueisnisveinisdeasssesduiile
Weuseriugunsaliagseus Tameuyudlagailisnnudasndieresianieme lnga1uise

wldiunmsdeansmenisunndnsguagunmn wazaunsalddnnsedndniglusisneuywe

=2 i
WLAN (several 100 meters

WMAN (100 km or larger)

UM 2.3 Wlguiieudivesnmsaeansveamalulagliany

gunsalvesdeasliaeuusmesudannsaeguusisne sienelusiemenyed
grihiauamenadnuaruanaeiy msdeasliaeduyana nTumesyugniduiinans
Fausznouludaelutu h silvimsundnszategnanneudy uassuuuUresaseINIFen il
nansznuAUTIINELYLE Imnsusetnesnuuudeandyiuauiiviineanyaiunsalung
ahavidosonuuuaungal 1wu deseglungaudevdedodu sunuutesdnana msldndanud
A1 HansEMUvesguMglangennIALasNsg A BUUS 19N1eNY Y Ao sATUsEAVE A
Snnmsdeteyafivinzay warilanaidenegs 1udy

n1sUsrene ldaulasadnglianguusnmenyed wagn1auasn¥IguaInnIenis
wnnglunisuszendldauvedassisuusemenyedwuuliaeaglddmsunmssnuigua
quam M inaussauzvesienie maiasaiihgoimstitae Insasiimsiafusuieesd
Mumissingg vesrsmeayudlnefigunsaldananaansndsdyanadeyanduindegldemuvse
wngiiteldlumsieszsiennts vieihszemsvesiie ietosiuuazvinlsingranuln
rouldlutisaosandfiuuiinsfudwugunsaliildlumsn nataguamnseaeusunau
AyvdeUARnUNRA1 MARTY MIsnsadessieaulniiilasuunamiidnasldisuee 57l
aunazdudou fuwdaglasumseensulursniidussuulagiuinig widwmagndnindae
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On-body Medical Entertainment

ECG & Tilt Sensor|

SPOZ & |
Motion Sensor

Bod}'.-\reag ¢
Nerwork ™,

Motion Sensors

In-body Medical I %

__mm o2 V[&,Or t) &.. @\ "’/r‘c //’/
Pacemaker |, 4 O «@

Q - Bionic Eve
r r m Telescopic Eve
“ Capsule Endoscope

Prosthesis [#

JUT 2.4 msthwalulaguuuiaunieBanussendldnulasaiguuianeuyed [18]

FPUUNINTIEeUNINsuNnddiuuaaadinisldieiutayaiieses 1AerdIuns
Ussinanakazmsiangitugnanfiunsuuvesiilad inlvgunsalldaulaliseiies uagena
o g va a a ¢ i 1% s o = v
ianaRaundlunisnsaeummisunng ssuuivseneuldmeiguwesdnuuanniield
Tunsituranimsenelinswensesaelnssninwusesiussuunaey aelidengn
gnavhlvigtheldanunsayhAanssuuteddlaegsaeainauivdwarilvilinansenuiuteayad
Talauazmanailiosililinsaiassuun nvasuguamsinesuuliaedddlussuy WBAN

Jusu fegui 2.4

a d’d’l’ a ¢
2.3 wasndiwasnugiulunsiiasisiangainia [1]
2.3.1 AAugadeiiiesninnsdaundu (Return Loss)
mygedeziinTuloduiiunudvesaedsdyayruivatseinmaiian laviniuy
A aa [y ! 1 & v < [ L% ! o w o 1 ! v 1 = A
wienseniuhlduundiu Aagvilinisdemdsludsanseinialianunsadaliog 1vauy said o
Mawnduasounduidlluarsd@uionininnisaqgdeiiodninnisgaundu wanin

aWEJEﬂﬂ’]ﬂLLaga']EJE‘iﬂﬁamﬂLLﬂu%LVi']fSﬁJM%E]LLN@%ﬁu%’ﬂ% NNz ioundu Wesnagennie

unswinszanendu setunisiiansanairugadsideninnsdounduiddnisndmesn
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= ] . ! a oA 19 o ad o ] |
[3nn Scattering Parameter UazAANgeyideiiiaaninnisdounduiiiesendt S11 A1n1S
= = X a &, 1 A o & ]
gousde v3e S11 Ulsuveniunilg dB lngefiveusulalunmsesniuuaisanniaife Jzsead
A1 S11 teunin -10 dB esanlunsiarsannisavvieuvesdgyanaluasdsndsludalvan
Jeenunsafiasantden VSWR unulalagfiansanan VSWR fininin 2 aduarfeensulsiiiu
Ieinlanasldaduuss@vdomsas iioundu vise VSWR Aanunsatsuenisnanuuunduesansds
Tyaadvaeenmaldduiu fugiunsiwamanugydeidoninnisdounduinidu S11
fa1sanleann §Un 2.5 Wedsidsdilussuvasiinnmsasieunduveandanuiiosainauly

LuATURBUNUAUGATIUN 2.5

- g
Pn
System >
P,
<

sUN 2.5 MafiaMIgaundurasmaw
Tneivuali P; A MAUDIFYIUBUNA

P, A9 AAIUUIFY Y ITdEIDUNG U

P, AB MANUYDIFYEY LIRS
FIAVDI WA Return Loss @mnsamilaainaunisnseluil

P
Return Loss (dB) = —101log (P—T) (2.1)
l

IINANNTITNUIAIANEEsLTeaInn1sdeunduiludnndiuves P, fu P,

[y

Fauanstauseaninmnsdaiiy mniAANgLaeiiesRInnsdounduauing nunedall

v aa

Uszansanlunisdeinumdsludilvanladamsaiuseansninnsaaniaang

2.3.2 wuugunsusinsganeadu (Radiation Pattern)
wuugUNswinszenduvesaeeinia WunisinauenuauRlunIg bk e
nuyesagaIalusuilaidunadineians a1ufiins1umids (Space coordination) 113

#swuUsUMsUEnsEtenaull 3 sver Aevszuglnasueniivl (Reactive near field) auiy
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MIUNNIE18AAUTEaElng (Radiating near field) LagUSaN1TUNN S wARUaLILSE8ElNa
(Far field) IngumazUsnaaziiansanansseginainaeomasenluseu o Wusaduvinla &
N5 lARIRS99 2.2

A15197 2.2 MSURNTEAUARUlUTEEA)

Antenna size (D) D« D=2 D>» A

Reactive near field r</2m r<AiA/2m r< /2w
Radiating near field A2m <r<31 A/2m <r <31 A/2m <r < D?/A
and 2D?%/2

Far field r <32 r <31 r>2D?%/2
and 2D?%/2

= <, P 1al 3 A Aa
L D LUUGUU’WWIT,M&J‘W?!WU@Q?{’]EJ@’]ﬂ']ﬂ A LUANUENIIAAUNNDNTU ey R

LY T @

Jusaiivseszazrinainateeinia ieliiudsauiuusasusinadwansduguvenisun

[ d'

PIFUN

cs' ] ° | a A aa = & 'z ° |
ﬂi%’ﬂﬂ&lﬂﬁﬂiuLLG}aﬁ(ﬁﬂLLVT‘INLLEW‘V]ﬁ‘V]NV]LUULLU‘UE@Q&I@ 2.6 G UUNINTUYDIALIAUY

YBINTHANANADAUILIUTOU ] @1YBINTA

Far-Field (Fraunhofer)
Region

Radiating near-field (Fresnel) region

Ry =0.62D3/2
R2 = 2D*/A

JUN 2.6 USLAUEWINNTUNNTZAYARUIINEERINTA [6]

AINULEUNITNINNVDINTI TN TZ B AAUNF L IUISATIAN WaLSaUA8BINA

59n71 wuugUNIsusnTEatendy (Radiation pattern) lun1suanuuuiun1sulnszateniu
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aunsonanslédisuuuansdi uazauiia wasindeuuuuuanadffneiiosweni1siansun
ANENYAENSUNNTEANARUYB SR N
wuugUnsusinszaenduiioenlseudiniuniavieseufirmnadiinduvaa
3unin nnswsinsza1enszatead unuulelelnsln (Isotropic) Faduuvugulugauadiiiing
finnsananarsernalalnavuadnds daunvuguildanasenalalnalugauaddu o
Humeorniauuusoufiams (Omnidirectional antenna) feguil 2.7 uenanil mnuuugdd

nsilasuvisawulufazfiansanuuuiianig (Direction)

Antenna

- . PY

JUN 2.7 WUUUNISURNTEEAURUUTEUTIANISTEUNULAEYY
2.3.3 9pv1dunauils (Standing Wave Ratio: SWR)
= a a o d' 4 e | a Y}
fnAaunTueundaLazaNiuiiuaeauedeunluaeddluiianim saiu
UAAUTIEDIL T Flazinasteatuwayiuaduiulunaile asiduaduils (Standing Wave)
PNTIEIULTIAUARULY (Voltage Standing Wave Ratio: VSWR) Tuangaaniinng

= [ o a1 o w < [y 1 o A A 1 o A v A N a
ﬁmLﬂUWﬁﬂﬂquuaﬁlﬂJﬂT’\ﬂﬂﬂﬁ?’]llL‘Uu@@iqﬁ?usﬂ@QLL?Q@UV]@JWﬂV]a@@aLLiﬂ@umu@BVIq@LlIE]LGUEJu

uo 4
&,

WuaumMsailndnan s
V,
VSWR = Vmaxl 2.2)
|Vmin|
anunsabirdinmnensduwsunduldnduange g widuaelagld
AMUAUNUST N UALUSEANS NNSaLNoUR il

1+|T)

VSWR =
1-|r]

(2.3)
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Zin—Zg
ZintZ,

IT'| = (2.4)

g mun b IT| Ao dUUTEENDNTALYDUNAUYDILTIAY
Zn Ao Bufiunuduasdune
Z Ao BuTluAudURL AN

PNAUNT 2.8 IENUIN Z,, = Z, 9 T = 0 HuAsazlaiiiansagisunau
YIAAUTIRLAINALTAT VSWR = 1 G9AAan1suunTaiuseniIteansdeiuansoin1etulauaan
Z, # Zo 89l |T| # 0 Agdewavileien VSWR # 1 dufeaviinnsliiundiuseninaaiods
[ d‘ ¥ 1 a0 @ ] I d‘ I o v d‘ ] a
AUA189INATIIIAT VSWR AN NO198INaNTZNUA LA 038 91 LALAT DdwAnAIY

(%
v

deomeladmsuan VSWR fianunsagensulalumafintussdesdanldiiu 1.5

2.3.4 Y350 mYe9aneeIn1A (Antenna Efficiency)

UszAns nmvesagoniedunisfines i siudszans awnisgaded
agonakazlulasaievesanoIna n1sgadesia 9 mlaan ﬁhﬂﬁ@@L%ﬂLﬁ@Wﬂﬂﬂﬁ
azvounduannnsliuunddassnitimedaduaisennia nsgadeaindiiuazauiu
UsgAvS nmsinvesaneoinirazanansaideuls el

e = e.e.ey (2.5)
Tnumuua e, Ao UsvAvERTWIIMLAYEIE RN
e, fa UssAninmnsasiounduiilosnnnisliuundddaedl (1 — |02

eq AB UsgArsnmvesaulu (Dielectric)

wiluvnsfiRAUssansaniliesainiansiduazladidnasnazdwiunion

weniulaenn Iudeuannisuszans iy
er = eqeq = e,q(1—1]G|?) (2.6)

el e, = e,e.y LIUNIANFNUTEANENITUNAGUIBIDINA (Antenna Efficiency)
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2.3.5 @ntaNzaInen1e (Directivity)
N1 97 AL dunisuenAINEINSLT s AN19vesd1ge1 N AL DY
Snauszrsenuduresmsunsndsruluiiamsiiaulatuauduresmsunsndsenulag
e elimsunndanusenluseuiiansetainfivuiu lngluAnmdsdui gadeluss

AUN1SN 2.7 hazdunisn 2.8

D=r—= -2 (2.7)
Ui Prad
Tnumuun i D D dNNIALATIANIVDIENERINA
U AD ANUTUYBINITURANANIU (W/Unit Solid Angle)
U; Ao AruduveInIsURiE N wREe
Praa fio M&snuitansenniauneenty (W)

Tngmlulimnuafiamsldanmaizasiimndduiiaiaganewingnulanige

D= Umax (Y ATtUmax (2 8)
Ui Prad '
Taemmun bt D AD ANNLANLATANIVBIEIDINARIER (Dimensionless)
o U9

Uppax D AULTNYDINTTUNIAINUGIER (W/Unit Solid Angle)
2.3.6 9n519818 (Gain)
FR51U818V9IA18IN AT UANNAUNUS A LA AINANINLANZY LA8TIY
UsgAnSnmuedanee1n1adinn e luraeianImia izl sinniauan sn aau dilun s39anng
YBIA1YBINAMNLUNITAND A IIVYILYBIANEBINTA IALTE UM UNUA1881NIAB19D9 LAg
9M1VYNUVDIEIYDINTIAAT ADMAIEDIDNSIAIUTL IR LAUINAURANTNTUNT N
a a a ~ ) P a a ) Y a =
AR UNINN AN DB UAUAMUT AU NN YALAEINUVRIEIEDINIAD19DS TauanslugUves
DRFIAIUVDIATNFIIUN A 9L LUNTA9UDIAI8DINANIIEDI LI B LALAAANULTUAUINVUIA
Wiy Aaienin TuiemeiinsunsnsEeATUTNINTIEN YiSe8nT1veeUREe 81NTASY
ABBNTIAIUTENIWAIANIATUAITUHNEINUVBIAYDINANAZDUAUAIDINADNDY 0 IARAT
A a )
AN8NNATIAEINUY
Astdargeiniae19daintdunuulalnavuin 172 wsewuulelelnsda
(Isotropic) Bellanuwaeiitey fio nsveaaulasaudvnialulsuunuingy §nsive1enids

(Power gain) ¥aseneo e TuitAnsimvualiduaslianiiu 4 AudnTIEINTeIAINLTY

30



YoINswNINITeAfuluianlunemiawIuansiae N ASUIINTIRevesATodd il oLy
mvuaiensld laenilufndnsvens iaduianiiin) sunsnsgaeAauLsanfauni 59
29

AtUmax

U.
D, = Ymax — (2.9)
0 Ui Prad
Tnumuue i U (6,0) A9 ANULIIIBINITUNINIZANYATY
P, Ao Masnunteulviulelelnslanesviwesanlainisgandy

o aa

luneURilonanifiednivetevuefwns19e18MaNlaEEn Lanns
aunsi 2.10
G, = 10logqole.D,] (2.10)

MIMAAOUNTINGNTINTVEI8VIEIE DINMATUNTIATISIIA A NYUE U
| a a = o | Y o N ca o g v
a1ganednduseaniamiieslalagyinnisseatgeiniadiiuiaIesloTadiaseinvinla

AUTOMITRTIVYIYINANATN 2.1 1,212

G, = 10log,,le:D,] (2.11)
YR
G, = 10log,ole:D,] (2.10)
Tneivua i G A9 DRTIVYNIVDIANEDINIATY
Pq fo fdafidusu
P, Ao fdaiiduds

Lyne Ao masnaqdyluaisidyanumsniugiazaiuiu

Y

= = 41D
Ly Ao Magadeluaigane ZOIOg%
Gr AD DNTIVYNYVBIANYDINAAS
D AD TTELUNTTIINEWDINAANAZSU (2.3 1UR3)

2.3.7 wuusunsnseangyaauman
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AaudRvesangeNalunenveIgUluuNsEINgAauUnEn (Principal pattern)
vosaulnin E wagauiuudivan H dmsvarsenidluanlsiwdunuuidadu (Linearly

polarization)

H-field .
aperture distribution

E-field

H-field

H-Plane

E~Plane E-field
aperture distribution

JUN 2.8 LUUFUNMSUHNGIUMEN seunU E way H 90901n1au1nuns [5]

stuvunsnszaneaauluszuiy. E audussuuiiussynawesaualilin was
firmsvaamsusinszaneaaudiusiign @ugluvunszaneedvluszuiy H asdussunuil vssq
nAWBSAUNLIMAN LATIAMIsUBIMIUNENIERARUTILIITIgR Fog1auuuzUNSURNE a9y
wén faguil 2.8 Tneilszuiu Xz Wuszuu H vén
2.3.8 WAAUNSLHNTEIEARY

WASUVBINIIUNNTENEAGY (Radiation Lobe) 1ludrunilavainisurnszany

[ |
=< o

AuMAATWdLUSIA TaensUAaauY 9@ uNTAMNITLYINISUNSNTZa18ARUR S Ikan 11

JU7 2.9 Tneiinisuansdnarssusuunszareadu (Polar Pattern) wuvaufi AU duymdu
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First Null Beam Width

Major Lobe
(FNBW)

Half Power Beam Width
(HPBW)

Minor Lobe Side Lobe

=N -

L = P

S =
+
/ Black Lobe

Minor Lobe

N

sUN 2.9 WAdus1aY Yasaneenia [6]

WARUWEN (Major Lobe ¥ Main Lobe) lunafuraImsuninszatgaauds
agluiAneNiinsunsnIEAeAIULTIER AU 2.9 dwadundneglufianiauny Z dwsy

angoMAueTiineRiiyadunanunnIinady WU aeeinawendy (Beam Antenna)

=

WAdULeY (Minor Lobe) lalnnadudus uenwileluanuadumen

'
A £ A

weaudwseledngaiiu (Side Lobe) lunndugesiiegfiniunaiundnuasy
lufirmesuuAsNaNgNAEITUNARUNEN
AAUVAY (Back Lobe) lunndugasiieglun3snaunseiuiunadundnund

LaINAR UG BEILANIINNTHNI NTEgAAUlUTIAN1IN L doanTs deludmSuangeinian

[
Il

sdeadnyraumailiesiian seivvesadudesinuanadu Snnduvesnnnumuiuiy
yomdanuluneduiiidsdnsonnumiuivremdsnluyndundndadeniisnindiuves
ludlau (Side Lobe Ratio) lusnsdruvesanumuuyuvomdsnuluyiifdsfnsoniny
vuuduvesdsnuluyedundn vieszavvaslusdlay (Side Lobe Level: SLL) lumaufo

e lUtugnagdesnsiviseauvedlantaenin -20 Db
2.3.9 BunwAugYL (Input Impedance)

a = & o ! = 4' J I o A [
NsaawonAlaloudurudiunisluiea ivL'V\I‘IN'W LIBABLAANN UM YU

Wetoundsiliiuaeeinia ndwuaglnaddaeameaiastesiliwiniinisiunisiva
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o a I a a ¢ v a v a & a a ¢ o !
VBINAINUNLIYNIT DUNELAULGAID Zin AITHATUNULVIYDULNA VU E]@JWLL@USU@Qﬂa’]’J"\]g‘UT]ﬂQ

i) a I a a ¢ v Y] N
NYIVDIAYDINA L8N DUNLAULYIYT ANFUNTN 2.13
Zin = Rin + inTL (213)

Tnenmunli Xin Ao AU UL Un U IAAnMsavauvemasuly

Usnaawulndanganialaeliuknszangeanty

Rin Ao Usznausmedesdiufe R, uaz R,
a v o A A
R, Ao ANusumunGInuuseaniUlagagene
R, AD AUAUNILTILIAA TITINAIANUATUVNUIINATFYLAETN

ANTUINNAUSTOU a5lABIENASNLAZFL

2.3.10 wuumny (Bandwidth)
WUUAIATYIagaINIA T uYIeveIaudRa unsaun lU T ules Fagu

ANuDgnAmuAlag VSWR 1.5:1 visoasanainmsgepdedeundu (S;,) Asediu -10 dB a1y

aunsi 2.14

Bandwidth = f’“fﬂ x 100% (2.14)
[/
Tnumuue b Bandwidth A9 WUUAINITBIEBINA
R AB YBUAINNZIVRIEIUAIIND
A AD VBUAIUDANYDILIUAINLA
£ Ao ALYl ULg

2.3.9 Twanls® (Polarization)

Twanlsduesnduiiuseonainanserna vnefa anastAvesduwsiman lrlih
flazosuneiirmaazyuavesininesvesaualiiinilonanvdsuudadly Tasmsfiansanas
fnqadannasiiuazuosanmesauniliiauianidiadueadoudlu dufulnalsd T
duynamsideuivesuasnnmesauuliin suinluvestnanlsdileg 3 wuu Aslwanlsduuy

\WaLdu (Linear polarization) Iwanlsguuuisnau (Circular polarization) waglwanlsduuulss
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(Elliptical polarization) Tnefieinisnisvyuvesad uiiilnailsduuuisnauniensstueiaiy

WUUALLT LN (Clockwise: CW) BSBWUUNIULTNUIRNT (Counterclockwise: CCW) Ale

maafeunvanmesauulniwaginanlsduuusiig 9 dagui 2.10

JUN 2.10 Mswndeunivadnwesauuliihuasnisinanlsd [8]

(%

AANNAIIAAUAFDUNUAAN —Z Aatuaunsauiniraunsaleulaeadl
E(z,t) = XE,(z,t) + JE, (2,t)
dessrusznavawdlndihlufisinia x way y dawdu
E.(z,t) = Re[Exe_j(wt"'kZ)] 2 Re[Exoe—j(wt+kz+®x)]

E.(z,t) = E,, cos(wt + kz+ @,)

E,(z,t) = Re[Eye‘f(wHkZ)] = Re[Eyoe‘f(“’”"”@y)]

E,(z,t) = E,, cos(wt + kz + ©,)

Tnumuue i E,, Ao Wurungegavesawdlniiluwnu x
Eyo Ao Wuruagegavesawlniiluwny v
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1) Twanlsdidadu pdunsmdninirazinisiwanlsduuudaduiionnuaiaa

maqaaﬁﬂizﬂauﬁg@aawaaamulvxlﬂmﬂulﬂﬁqaumiﬁ 2.18
AQ = (Dy - 0@, =nm, n=1,273.. (2.18)

2) Wanlsduuuienay aduuaudnlninazdinsinanlsduuuinaudiovunnves
asdusgnauvesau il visaesdidintuiiuife £, = E,, sasainnusiaadudauns

i 2.19

(G+2n)m, n=123.. w

AD =0, -0, = (2.19)

_ G v zn) 7, n=123,.. CCW

3) Twanlsduuuaes Adunlmaninihaziiinarlsduuuies Wevuinvetasrusznau

Yosauy INiviaaealraaiutunfe Ey, # Ey, wazarnnusianaduisaunisi 2.20

G+2n)m n=123.. w

7 G + zn) 7, n=123,.. CCW

AD =0, — B, = (2.20)

[

Waanuanawavesnsdesesnusenaudanlaiwindudiuiuies /2 el

>0 n=123,.. (W
AP =@, — @, +— = (2.21)
<0 n=123,.. CCW

2.3.10 SMTEIUMULUILNU (Axial Ratio: AR) [16]
gnTEILRLLLILNY (AR) TasaeInAgnivualilugnaaiuseninawnu
wian Laginuseswesguiuuatgenialnanlsduuunnay wnaigeniadinailsduuuianaud
« Y A« ' < = ¢ a o o =
anysalluy ens1dmilasilu 0 dB egrslsinu mnangenadlnatlsdidunss danduilas
1NN >0 dB dnsduiuenisndannuilstuuresalsanniAannsailugauafvelnailsd
wuuanavludIndaunszy Ineund snsdiunuwwiinuazd1edsdmsvaisoinialnanlsd

LuUNaY iasanauidlnanlsduuuinanysenausigasnlsene vauulniyuainass
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3 Qlld a 1 Ly 1 Q‘ U 1 1% ¥ QI
adUszneuTlueunEYauTuLAzeguDNE 90 Bern BadusdrumaLwILNUEIlNg 0 dB B4
A WeNINU R TIAIUMUULIN UL TNANAIRINNATUNANVBLARINTA AIUEnTIEIUAY
WUILNUFISULENDINNERD DATIAIUAUNMILAULDENTT 3 dB kansAdesiuuaIntnanlsd

WuUUNNaNesnin 3 dB

2.4 1As9a519818Ud UM UUSTUIUSIY [7]

PR

ﬁ’]Sﬁﬂﬁmmﬂmﬁgﬂﬁ’]ﬂJ’ﬂ%ﬂ’quEhUWJ’liJﬁlﬁuiﬂiL?W%Wzﬁa@:wa’lmﬁﬁﬂﬁT’mﬂN WU @
ddauoniduanuuvieindussuiusinzthuildfuegunsvaty Fadulasadefivunzause
MsEENUULLaENIAS TauTediausaiaa s ralalasn gunsalididuagdiag
flfoenu (Via Hole) Wi ewdsusafiduuufuszuiunsnudsiuans dssiiliiianis
Anileuvesdayanads (High Dispersion) waznIsgauLdeds (High Insertion Loss) WieuAdeym
NATeRIna T wiaueais e nAlAIaS19EUIUTIA TNTIUAF UL @1u1508An1S
Amiteuresdayaas (Low Dispersion) LarN15gaLde (Low Insertion Loss) Taseaneiilad
aruudausiiianunsoandesiusandulasaifinesenisee nuuuiioldom

anud d e LU 9Y1AA USEUIUTIN (Coplanar Waveguide: CPW) 0151 o
dyaauszringeutinaestnsegssunuifenduiunsiud vilviideldiUseude Wuaeeinia
Aruavauinie Tneldmsusuruadesdainsdeiig wazANevesansloudyyinans
ihdanaildlugunudlilasnniiy awnsowdieentiiiu 3 Ysuan fe aethdaaad
sos5unswnsnszatendululyun TEM %50 Quasi-TEM wazatethdyaindilisesiunis

o

unsnszarwraululnuaaina 15en31 Non-TEM laun a@etdyaauuulilasansy uazans

(A7)

idygranvuseuiusin Wudu lundagnanfsaesidgyarauuusysuruian (Coplanar
Waveguide) Fsnsunsnszareaauvesasthdauialulasaniy CPW asfunuu Quasi-TEM

Tt A, 1969 Wen laAnAuaeitdanawuusziuiniuasindyayianltdnueglaenily

o 1

turziilassadeniiuanalilugui 2.13 sefigusadutaulansininieguuiangusesdadu

Y

a ~ LY

aslmdLanmsn mgﬂhué’hmimﬁmaaw'm Aaudnuagndnfililunmsfiansananethdyaiu fe
Aadnuaznduiinaud uasiiteliiAnanudngiu audnvugmeduiiuaud aldun A
WwelangIuses (h) Anunitswsdduansy (w) anuniveseala (g) Aazuleiinig
denvlinvestangiusesndudiuddglunsiinnsanudnvaeniaduiivaud wasaaaudfives

o o Yo o &
Tanguseanianldiaswialudl
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J Y a a a o o 6 1J 1 wa a a
° ﬂ’]ﬂ\‘i@]ﬁl@@Lﬁﬂﬁ]iﬂﬁN‘Wﬂﬁ (g4) L‘U‘L«!F"I']LLﬁﬂQQﬂJﬁMUﬁﬂJ@ﬂﬁ’ﬁlﬂ@Laﬂ@iﬂiﬂEJ
Wigufiueinia
1 = N a acs = A v !
® A1 Loss tangent (tan §) AUA 10 NNLLFTH AD ANNLAAIBATIFIU

sgrinansruan siiiunszuafamanuus Jea1lazwantliiinaisladdnesntudng

o A =

godsisaannnstinseiauntosiiedn Feeildwingew

o

® AIANIVBINITUIAIINFOU (Thermal Conductivity) AZLAAIAIINAILITA
TunsssueauSeuresansladianssn FeAnlioegead
® AUl Inindunnantindeuddginnguiiediu g
IS 1 ] 1 = a gj 4 = 1
Jginansznusiemsdeinureraulumululasansy mgaviunugesetayasini
® adwaNTalunIusanssnulin (Dielectric Strength) dwsumiilaz

venieAdansalunsTumanaumie faluAa@Rzandae

h &r

T

3UN 2.11 laseaiavesaetdya1uiuussuuTiy

MsunsnszanevesauINLianuayaun N luaeihdyanauuussunusintua sl

SnueaeNfRInNty duauumivdntuziedounasuseukiilansluRFnI9m1IuAI LN UIY 89

[y

TANFIUTRWARIRIFUN 2.12

JUN 2.12 Snvarnsuinsgrevasaunuwdmvaniniluaeihdygauuussuium
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At dyaasuuiatrdussuiudind 2 ¥ilnfe aeidyannuuuetiady
szunusamvdalaifingnuddiuans (Coplanar Waveguide) Tuguil 2.15 wazwiiniing1aus
A1ua13 (Conductor-Backed Coplanar Waveguide) Iugﬂ‘ﬁl 2.16 Tassainsvasasundyg e
wuviethaduszuusuialifingnudiuadsseneulufeaniy (Strip) egnseiuuy
vosgiusedlndidnain (Substrate) InefinTunirawesaniuie W dudnsisansfuvesaniul
anwauztduses (Slot) kagseuIunIMUARINEIRU Ja1undesenindn3ute ssurunsIue
Ao ¢ wazfiaunuivesgiusesladiannin Ae h druasidygrawuusiusiadnsaud
Fusnssiuriausnassiivgiinsusnisnuaswessusedndidnainifiutuin Snuvaens
uHnsTAnevesaLLlmanuazaut i vuasth dauuurethadussuiuiwnsdunuy
Quasi-TEM

Ground Ground

Dielectric

5UN 2.13 lassasaneindyaaumuuiolnnaussuiusiugiin liinginauans

2.5 lassaiauazauautivasiulasansy [8]

anse1nAlulasadu (Microstrip Antenna) Wuangeiniefivseneulusnaunad §
Huushdangnavuiangiuses (Substrate) Ailszuruniiuddma Tnedunadlangfanan
o19vxdiguhslsmaneguuuulidnesfufivasy aswdon 1nau 1SvEevAwReN ussUIned
felumssenuuy Teest uazthinUssandldnuanniigede sUfvdeuiiuin wayasnauvisi
Howneadnunensundinuresisaesdianuhadlalasewzdenarlssdun vy lafe
(Low-Cross-Polarization) ange1melslasassuifuaeenmafifisuinauuusivazanlunisng
Fut9a5finT (Monolithic Microwave Integrated Circuit) wonanntudsslomiaun ladnly

sUvssaudslowuudinan s duluusunsuindsukasduiiuaudargenialula sansuds

ANUSORARINRIVULATEITY 8 1UDINA ANLTEN SaLaziienale
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Radiating Patch

P

l z
Dielectric Substrate / \ Ground Plane

sUT 2.14 Tassasrsveshilasaniy

Tulasansudumsiuasildiuagnaunnlugiuaudlulasnn nendnuauzlasasng
vatlulasansuazusznaulumeusudiiiuneg ilanuggdendanuinieguuiagiisendn
Yang1us09 wazdneunisweadangiusesasiluszuiuns1ad (sround plane) Tnelaseasis

vaslulasansuiuaruisaazr luil ureaasi i lug1uaud lulasrvnazaiuisaul Ui du

aeanAdmsuaauAudlulasnlaans e

2.5.1 aaununsnszanelululasansd

Radiated Wave

Interaction

caky Wave

Edge

Guided Wave Surface Wave Diffraction

JU# 2.15 dnvaigvesnduiunsnssaelululasansy

AAugNUNI (quided wave) FW§UfiAN1INISUNI NTEBAALYBIRA UYL
maﬁ?u%ﬁé’ﬂwmsgmaqmiLLWﬁ'ﬂszmaﬁmmqiz‘vnfwu'aa 6§94 9 wiAnT (FAeuduuRng)
Tnednuuzmaundnszaeedutuazuninszasagianglufansuses uasaauazasviouluan
529A1NED AN ﬂﬁugﬂﬁwwqqﬁazﬁﬂlﬂiﬁﬁ@&iwmﬂﬁuawsz‘iqg@mm dmiunaunuuiliid
Tunsazaundanuvesaunuusimanliiflideanisluasormanuuusiud eidonldian

PN =~ . o v A Ko a
Fusesuaziianimeaumsliih (permittivity) a¢ agvilvindunuuiliBvEnags
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4 W . a4 J  aa ' a4
ARULHNANY (radiated wave) AGukUUTREdlfiAN1aN1sUNINTEA1EAaULTY
A ' ! =2 a Aa = = o A @
WuegsEnINgae 9 v 3 AN lagaedifiensiunstulduuenanldiinisdaiuvesvauivn
a9 dnvagremauwuuiiagldunlunufeiivaigeinie adukuuilaziidnsnagaileldian
e (Wisuieuiuanuenina) wagaanmeoun1slniie
) Y ' a Y | a
AAUTT (leaky wave) dNuaENITLNINTEEAR LR LY 3-6 WIANT Tag

ARUTIALLNINTELUNATUT A TOUL1AINSEWIUN T ILaY lUTRa o a5 ¥ i199 1N

o ad a A A A o = o = o § ¥ a A A | & A A o
U lﬂaLaﬂmiﬂLN@ﬂauwag‘V]@u&nﬂﬂm']LL‘WUQU'“U37]71“Lﬂ@ﬂau%ﬂﬂaﬁ1‘lﬂu@']ﬂqﬂ UUABAAUII

Y

[ N

oonanaduiiasiiounduadluluiangiuses (surface wave) dnvaizvasaduiriAnduilay
thlutelumsunsnszaenduesaeeina azeglufioulvvesniumunzauiiazirluldly
usiazangeIne LU vililanimanzasiians (directivity) figs

pAURY (surface wave) yalumsunsnszaneiiAnduiidunnniwesnduis 3
yhlmAnadufiasiiounduudsaggusesdaionaduuuuiiinaui Weedufingndauniivey
voslassadneagy axvhliiAnmauninsseadueonnanlasiaisnduiunnszarsoonuil

L2 =

MiAsnaldesanuusUn1surnawIuYesageInie A Mlandsulunsdamsesuloeas

1Y

Srvnzvssadunuuiasdenuddnydel i faggusesfivuuazanime aumalaiindeng
Aude9n15aa uluaedsd i nazatee1n 1A TunITWNs Ns318Ad 1

aumusimdnlivesasdedygady adugnimnaazganseduinniian vueiisdes

vanBssnauLing Y paud waraauiy lumenssiududfuaeenatugesnisifiie

ARULNINAIWINNTER wazazaaslasnunsifnaquimsluuiudniiasAfiuRl

2.6 angasdyamuululasansy

anpdadyayramuululasansy (Microstrip Line) Aldaulnerialy Wuasilasadng
Fsfiuandlugul 2.16 nande aziisuiaduaniuvieunulavzunay 9§ Neeguuiangiuses
Duansladidnain uazd1udrswesiangiusestursiiuszuiuninag ndauresniy
usimdnlwinazdsinuogluiangiusesuinnudedszvituaulansuauiussuiunsadany
Muwaai’aﬂgmsaqLLazmmﬂﬂ’ﬂwaaam'%mfuasﬁuaq'ﬁwﬁmmé’ﬂwmsmaﬁuﬁLmu%
(characteristic impedance) Mfiosns dwiuiangiusesiilisnlaeimluasiiognaroviauaz
AaaudARdduesiangiusesivunldde Ansiiladidnnin (s, Faazidudriivaven
uantAvesnaduasladidnein lneifsutuoiniadn Arfdazdmarilvinadnuuenig

dudluaudvesavdalulasansuiiudeuiuasan Losstangent (tan 8) 1A1U010 GHz AeAfl
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wanIgnEIusEHINnsERan st funseuaRanaud g asuandigin asladidnnin

' '
I a o

O o o A ° o = Aa da a1 o °
UUNﬂqiquﬁﬂLu@\‘]ﬂqﬂﬂqiu’]ﬂigLLall']ﬂu@EJLWENiﬂ I@EJV]@JV’Y]EJ PN ATAIRNIVDINTIIUIAINU

' [
a

$ou (thermal conductivity) Juafiuandliiinaisiadidinasniy Ianuaansalunisssune
arufeuldfnntosifiedln Aibseitsmaninernnuususrresiuaeuanaalun sy
soussaulnldin (dielectric strength) %qaawmwmwmﬂaﬁ?uﬁ'mwﬁmmﬁ’lﬁzgm’1msdmamﬁ’u
weazinansenusonsdshuveseduluawlulnsaniuinszagiuanuvgussdosagind,
dmsuaruanansoluntsusoussiuliiinduagvonisanuanmisalunisfuidindudae

AIUUAEIAEANITAGN

Microstrip Line

Dielectric Substrate

Ground Plane

JUN 2.16 Inssasvesandsdaamuululasansulad

2.6.1 mydsinadulumeddlalasansy
fawdiansdsdyanauuulilasanivasiilasainede q winieeinuanyae
vosmpddlalasanivlnsaziBonmanguiduduisiigeennun deddunszdeulvveviun
%ﬂiswﬂ'auﬁi’hq@mmﬁaLﬁEJUﬁ’wiau"m?{uw%amau"wé’igiyﬂm%ﬁmﬁuaémlsﬁmulé’ﬁé’
hmsAnmnaguiuaznuheiuidsiuluaalalasaniuduaglndidvsiulaun TEM un
wiiazlallelnun TEM defiien Sasenluundenandnlnunia TEM (quasi-TEM mode) &4

LaneRagunt 2.17 Tnguansfiadunsslniiilussuumuvinsvesaneds
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Microstrip Line

Ground Plane Dielectric Substrate

JUN 2.17 duussbiihlussuuauvinwesaedsdygyiauuululasansy

[

Foynnaunuululasaniuiadudsiluluue s TEM Janoeylaulmduluua
TEM ﬁawuwaai%wﬁmmwaaqmiﬂizmsﬂ,umﬁLﬂ?wﬁmqmé’ﬂwmwaamadﬁfmﬂml,wuluiﬂ33
a3Uldnanfedisansamadusnusuduaraa U U ondaniaeanue 1 i Aa s
Avraaesd lUmunAAudnuazadufinaudldod 1wlsfnunsmainiuduauddenis
wieAnugvesaeddyasuulilasanslarewnnivesaeguuuviseaslaLanea
LWiwmadaé’fgfgmeLuuimImam%ﬂﬁﬁamﬂm%Lﬁﬂm%mt,azmmﬁasﬂuu%nmﬁ W& IUVDIAAY
AU é’m%’umimﬂ'w%uﬁﬂLmuﬁﬁsiavifimu";Uﬂmuanﬁuwiﬂgﬂmwmmmsﬁmﬂm5 \an
AN

faudimamanadunudasgeennniUnfusAiisivilfiedy eeldiswen
A ladianmsnduinsyUsydnsua (effective dielectric constant, Eorf) VDITYUU Favuna
veaslndid nnInuazermad ey wenilesanasladidnes mﬁgwawﬁqmauﬂ’a
Wasuulaslunuauidsiudia sl didnadnduinsusydviuaiinléfasiguuasunlag
pueudluieegdlsfinmainnsinvmanguiuaz nmeasswesdidsrmagmuinlu g
ANUBTR1NI12 GHz asnarnsdalaBidnasnduinsusyansnarsldsuudasiuduiosnin
nstlveslnihadntosnnn Feaunsasylanlildrnsdialadianasnduimsuszavsnavesli
afnlddmiulugumnuiigandt 2 GHz Adesddsdanisuuudsanasialadidnadnduiimg
UseAvdralimnganiuanudildany

Tunsmamsiiladdnasnduivsyssansnavesnsdlnfiatndy avlduuda
YoranInszratedaioluife Wondufldwilulululasansuidulvmn TEM qadnums
Budluaud Yosasadeygyo %Lsduauiugﬂsuaaﬁﬁuﬁﬂmeﬁsiwﬁwmammm (L) wazAAl

Ugunudrianiionnuend (O lalusuuuuseludl
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Z.= |- (2.22)

Tuvauzideniunnudua v, audeuliiu

_ L
V== (2.23)

[

Inaun1s 2.23 Wilideu z, lugdves fu L w3e C ladsil

Z, = VL (2.24)

Tuduseluisazfinnsannsdiiivangiusesiiuanslndidnaingnioneenty
mﬁalm'mmmﬁmaa'wLﬁmﬁiaué’amwdqﬁ'ﬁgapml,wulmiﬂiam%agj Tuanimaud A1
aansularendy TEM fideihuagwinfuamiduas wazanudunuddondaniisniny
sazianuly Tnefirdudinunudlsignnseny Sldradunudiaeuluifidndu ¢, el
Aruduitussenig ¢, fumnuanalususuuseluil

1

C= Viren (2.25)

[

Tuvazdeaiuanudnvasmduiiuaud Z, Mzloulsnad

o

1Y

W91naunns 2.26 MIeeaums 2.23 aglenanal

Cio = <Vc—p>2 (2.27)

aufenuyalua1ves €/C, Ae Arsladianasnduimsuse@nsnavesansiad

anesnilovdeussuunuusyed AlavlSeumilouaasialadidna3nduinussansuaves
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Aao

| o a & ad a Y < O oA
GREGN EQEQWEULLUUIQJIQ53@3UWN33@§WU5@3L‘Uua'ﬁiﬂ@lﬁﬂmiﬂLLﬁgﬂq‘U‘UULUu@’]ﬂqﬁag UUAB

C 2
err = v,

NENNTT 2.22 DIFUNT 2.27 AEWNTOTEUANNEURUSTENIN Z, | Z, haz landl

_ 2o
2y =7 (2.28)

Eeff = (V—p>2 (2.30)

Microstrip Line

Dielectric Substrate
Ground Plane

sUTl 2.18 anvdslulasanSuiisl wh >> 1

Microstrip Line

\
—Pm‘f

¥
h
Ground Plane Dielectric Substrate

U 2.19 anwdslalasanFuaisl wh << 1
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NaUNsAna1Idie dusaansoiaiasiiladiinasnduinsussansua
lafvgriliaiunsaruin Aaaudiduninuilaed9lsinurinwaladidnasnduims
UszAnsuavsildsunlainiuainuniteslulasansudewSeuisunununuiveian
31UT08 WiNasanle 2 nsdldadeluinsdiusnAensdin w/h >> 1 uanalansgun 2.18 Tunsdlil
unssbnihaulngavegseninusnuniuo vansuiuseuIunInaan maINaIzdmalien

Y ad a v o & a a a1 v P ) o w A 44 A
A laBianeasnduinsussavinalinndilngdn vesfangusesdmiunsaiiaesfionsdin w/h
<< 1 uaneisgun 2.19 Tunsdiiliduussliihasinuiangiusesnsmilauasimuenansmil s
o v Y] a a o o ¢ a a a ¥ v 1 a a & < P |
wihlirasiiledianasnduivsussavdratiandilag e, +- 9nfiesusuntasiiuladn e
(3 a « a o v ¢ a a a U U o = Y Y a « a
AsialadiinaInduimsUsednsnavvilfsunuamiua wh aaiudslarinsdiladidnnsn

v v

Fusinsuseansuanaunsaoanwuulansaunisn 2.31

S D Sepp<g (231)

wagtieAugzaINtuMsAILIN Lazniseanuuusell ladnisileuminsaled

Wane3n duinsuszansnalugunelull

<g<1 (2.32)

N |-

Eerr =1+ q(e —1);

A1 q luaun1y 2.32 dgnisendtfladsunninas (filling factor) Favangdny
ﬂizﬂauﬁLLamﬂﬁ?ﬁﬁa@gmsaaﬁLﬁumﬂm%ﬁﬂ@ﬁﬂ%ﬁwam’aiﬂiqa§'m1u1ﬂiam%ﬂﬁumﬂﬁaa
l} o a 1 Y a < a [ ] I3 a a I @ oA
wAlvy Weoleur1nswaladlannsnaunns Ussansuaniuaunis 2.32 a1 g Naviduai
Wasuwlasniuan w/h
lunsalnanunldnugdundt 2 GHz azlampsnladiannsnduinsuseansua
Addsunlatluniuaiud feaziilsindeenuniddsuluausianazsivdsuluale@ain

Trlassaunns

Eorr(f) = (ﬁ)z (2.33)

v o 6

A a ' (Y a a a a = & !
dlefnsanaasiladidnesnduinsuss Bnsuaniuaun1sn 233 dasnuinly
g1uANDA uAAialnBlanesnduTnsUszdninaazgidvnnsdivesiinaiouazilioninud

fidngsudmetetudezy liaawiladidnasnduinsUsyansuagiing e voeiangIuses

46



< Y < ad a dadg o v & &
L‘Wi’]%ﬂ’ﬂllﬁ')LWﬂﬁ]%QLSU']Ejﬂ?']@JLi']GUENLLﬂQSLUﬂ’]{LWE]Lﬁﬂ@3ﬂWLUUQﬁQ§JU§@Q@QU‘Lﬂ®EJ“V]']VL‘Uﬂ'ﬁ

v v &

WasuwdasrnawiiladidnasnduingUssanananuaiudas Juludsgun 2.20 dwrimedialad

LANASNFURMSUSL AN HAT UL AT UALAILD

Y

A

geﬁ- Av/

0 >
f

Y

JUN 2.20 Megimswsunlainiumnudvesrilndianasnduiusysyavsna

2.6.2 Mmyaanaumasdeuvedlulasansy
Wesnhlasansuisglansnldauysaiuuwazdansiadidnasnauluuiion
Mindudeiy faunsanveudygad winannsaesamnil Weiasaitlulasan3uderiu

pavluliun TEM 151aganunsadeuainsivesnisanveudygyialalugusaluil

R GZ;

1ne? wag o, WuAtAsivesnsanneudy g uflinainlansuasansiadian

o

AINANWAIRU NITUIAT o, TABNITIATISA L ASLE BRIV B AL LAE1UINUININTIZNS
n3zan8vesduINLl I nUUR lanedl A uad ugudaunI N ULA BT UN1SN T8989

avunuivan iy tazaziasuudasluniue w/h wazanunuiveskauansy t anenelunig

(%
a o = CX a

U UAtuIainleisAnninedu lavauualvaiu TEM deinueg ngluuinadulduavansd

[
[ (Y

Wity defuanslilugun 2.21 @Saudarwnnisagdeluiiolangluanmdanaiuds e

navliiulpaiviarvlaieinisyawelidaugndewnniudieliidiasidena iy

K agld o, lugunalud

a7



Conducting strip

Weff

[ //i \ | “=Conductors
—

Masgnetic walls

Ground plane

sUfl 2.21 AsdaruTeREY TEM quammﬂuluimamﬂ

— — KRz _ ’ ’ K
Xm= ZZC B WZC WZ, \/ZXS 8x1070, WZ, Nep/m (2.35)

| = )

1087 o, AnA1AIR1989n15U LA EUANS (relative conductivity) AiLiaufiu

a

VoAEd o = 5.8 x 107 s/m A1 K ﬁ?u%%uagjﬁum w/h waranud nedilunsdiiien w/h &
Alyajann q Sovnefendu TEM azidlnduvugauad e K fvggdm 1 lunsdladuiu fe
w/h << 1 ¢ K flaggidm 0.5 Tumsfdadunuinsdiioenuuuliiidufiuauddnyns aud
B 500 Tnedi &, = 10 aglden K = 0.63 dmSunsmen «, fazerdendnnisina Eoff Fuan

TmiRaseazidenmaldll

c Zc €e
Xg=—" = (wCtand,fr) = zg (wCtand,r) (2.36)

2

nf“gef tandeff Nep/m (2.37)

1ne?ien tan 8, HULUTHUWMEBUAT tand UseAvinadeasduiusiu tans lugusaludl

tanSerr  1—(1/€eff)

tand  1-(1/g,) (2.38)

[y} v 6 ngl’c.( Q‘ Ql' d' 1 %

ANHFINUSANANNTT 2.38 ITUAWaUMRAUNS WWSIREHOUNUAT g,p A8 1
Fanunedaianaraudueinia A1 tan 8,y AU 0 wazlounual e = & Fanuneds
L% I3 a a 3 1 1w
AnaneastluanslaBianesnnavan @1 tan Sopp LAY tand

Wieian o, waz /f tuaunis 2.36 wazauns 2.37 wundululuaunis 2.34
< v A a =~ ! ¥ ' a A A v
Avzlar a nasineenu wastlasansdendeual a Wegluniie dB/m Weumudild
bty GHz wazeumnunitweswavansUlitniiadu mm detiu a azeulaliu
sUsalUll
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_ 72K ’i 1-(1/€efr)
xX= wZo|on + 91, /€5 (e tan & (2.39)

91nRaT b asiAula 10 o, wUsRN JF Tuaas oy wlsanu f 3 avinliig

[
va

A ! 1 J 1 =3 o &Y va [ [ Aa a2
bANBUIT oy ﬁ]%uﬂ’]ijﬂﬂ?] i EJEJ']\‘ivLﬁﬂGHMI‘L!i%EJ%‘IﬁaQuI@Mﬂ’]iW@JU’]“ﬂJ‘UﬁLG}iG}‘I/IZLI@mﬂﬂJUG]WUu

AofiA1 tan s #nunn vlRluguAUN £ < 10 GHz A1 «,, 9Inaininan oy kagtduan
G
Y

= 1Y

qdevanvedlulasansd

2.6.3 envdsdygranuulilasansuiliseiiles (discontinuities in microstrip)
LWUUYBIRD (series gap) AANwzYaIA LBl odwuUY o aluaneds
FryauuulilasansutugnuedudnuazasrinU1dunud Inegun 2.22 wandasainauay
asauyavesaeddygallulasansuuuudewie Tunmswlaanluinsauyanuinugewens

o % ' s I3 & v @ = '
MNUUaLTUNITVIBUUY T NULAFZaIAUTENDUTDINAITUA RNV TZYBIAINITONIAIVDY

wiazesrusznaululasauyalaanaunisaeluil

Gl=26 (2.39)
C;=2C, =26, (2.40)
Lﬁl@
C,=w (5—6)08 (%)m eKo x 1072 (2.41)
C,=w (98—6)08 (%)m eKo x 1072 (2.42)
m, = (0.61910g* — 0.3853) (2.43)

0.8675 ;for 2<03

m, = (2.44)
5SS for2<03
ﬁ w
K, = 426 — 1.453log (2.45)
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(2.46)

Ground plane

(n) Taseadng (¥) 24TEUYA

JUN 2.22 awdsdyaauuululasansuilideilisanuutoe

wuuyuaIn (right-angled) Msllasudnuaizvesanedslulasansuanidun sl
nanasduyuuuuysaniwiianenuliseiosuuaeddulasansy Tneninsideugusisly
anwauril dwlvgannsdeudygamienisnsesdygin 303U 2.23 uandlasainauay

asauyavesmedsdyaatuulilasansunlidaiiosuuyiain

Microstrip Line

Ground plane : :

(n) lassasn (V) 2995aULA

JUN 2.23 awdadrygauululasassuiilideliewuuyuain
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Tunsudansasauyafiuinayuainiuaziinisulaatuiestiswuu T lag

sefifnileataasianoaynsuiu wasliduAuUsznorwIu F9aunsamAIveIBuANLALG

£

warAUNBLAUT YDAz IR UsENaU AR 9Tl

(14&,)(w/h)—(1.83€,—2.25) 0.025r] f w
sfor =<1
m, = wih win i (2.47)

w((9.5¢, + 1.25)(w/h) + 5.2, + 7] ; for % <1

L =100h (4\/% g 4.21) x 1077 (2.48)

WUt (microstrip step) msfudsurwnainunitsweadulalasan3vazeh
Thdneulidedlewersuiuaudluaediduanatu Tnenmsoonuuuliuululasansuiio
auldsedieuududuil drulugazvidledesmsiuundiulasdyana fidouse
Fyeyay AINTIFYIN haznITaIN I ud eI mﬂgﬂﬁ 2.24 AgNUIINITNIAA U N YUY
MeduiuaudansafiasanlaianAmiivesvenasauyalumenvesdudinuaudiuaiu

FUAUD FILANIRIFUNIST 2.48

Microstrip Line

| 7 L, |

Q 4 Q
. I |
C |
I |
* } ¢
I L |

(n) Tasasng (v) 245EUYA

Ground plane Dielectric Substrate

UM 2.24 anedsdyaamuulilasansuilddeiiowmuudu

L1 = mL (2.49)
L,=—2 ] (2.50)
Ly1+Ly> ,
_ Wi_ 4 _ wy Wi _ -9
L=h [40.5 (Wz 1) 75 (WZ) +0.2 (WZ ) ] x 10 (2.51)
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= &, Y N o ! ! a aa
e L, way L, Wudvienismeniisainuenivesaslulasansuiniiniig

Ay w, Lag W, nsasu
C = ywiw; [(10.1log &, + 2.33) "2 — 12.6loge, — 3.17 (2.52)
2

WUU3UMI T (microstrip T-junction) angdsdayananuulilasansunldsaiiio
wuusUia T Slassainawagansauyanaandlugun 225 9nlassasiauayaaasauyadsiiiule

JuuuUia T Wy aslidnwagadesuyuain nseeniuulasdsaeeinialulasansuiin

[V 7
v A

[ a [ 1 2 1 a 4 a 6 [}
Anuldnodosvuidutuiidulng avlalurcasiulasim iy esssnisiiunesnlunisds
fyanu Mweunedu fnsesdygyid Msuuegiiafeunelsasnseunluldesnuuy
Joudyaralvduaveinialulasaniy 3907995801898 NUIIN1TUIAIAUE NYUENS
BuNULALT U uaIN1IT091 9z N1 TU T UL OUVDIDUA NUA UG AUAIUT LA UT LA AU UAT A A2

~ o a 1 4 S P 3 [l Y a o a 1 ¥ 14 4 , oA
willgnhiiegwein Q" dawlu L dwudunieifiegnisiiunein Q uaznesn Q' dan
duanuaudilu L, uwasddaniuuszanevuiueg dea1veduiagesnusznouaiunsonilaann

GRRRRN!

Ly = hL,, [(012% = 0.47)% + 0.195% — 0357 + 0.0283sin (n 5 — 0.757)|  (253)

0.016

w w
Ly = —wLy, [ (=0.016% + 0.064) + T (2.54)
e L, Wuadusnuaudsentheanuenvesaeadilasansuiifinnnunady w
— ) -12
C=w| 22—+ 0.64Z, - 261| x 10 (2.55)
tan h(0.0072Z
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Microstrip Line

Q wL Ql
L& e

|

| : C

| I

Dielectric Substrate Q" - -l
Ground plane
(n) TAsaasna (¥) 2395a1A

JUN 2.25 awdsdryaauuululasansuiliderieawuugudn T

2.7 awonalulasansduuudeada [1]
2.7.1 1AS9A5 U189 INA

anwazvedlasaiwesagendlulasansvuuuteslnaz Ussnoumednads
U@@WWLLUUlMIﬂﬁa(ﬂ%ﬂlaﬂu,a%a’lEJa']ﬂ’lﬁLLUUGU'ENL?JWJ’N&gﬂmﬂﬁUlNIﬂiﬁ%%ﬂlﬁﬂ@QljUUiZUWU
nIMA I@ﬂﬁ?ﬁ@gmiaatﬂuﬁaﬁuﬂast‘mf’mawﬁqé’iyz:yﬂmwuhﬂmam%ﬂlaﬁﬁumEJmmﬁ
wuutendn duandlusuil 2.26 Tnsdnwavesnisasinudygnvesnduiuasie 2 wuy
nan o Ao LLUU%’N%G’?Q%L‘f]umssia(?hﬁﬂmﬂmaeiaé’cyapmmui’aﬂgmiaﬂﬂ%Naiﬁmau
Y0909 UR (microstrip terminated in a short circuit) ﬁ&gﬂﬁ 2.27 uazdnione wUULUA99S

(microstrip terminated in a open circuit) %QLLamﬂugﬂﬁ 2.28

Slot Antenna

Ground plane

Dielectric Substrate
ticrostrip Line

UM 2.26 lassaswesmeenialulasansuiuuteatn
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Slot Antenna

Ground plane

Microstrip Line

Dielectric Substrate /

JUN 2.27 Inssasvesaneonidlulasansuiuuteslndmiupiuiuulnges

Slot Antenna

Ground plane

Dielectric Substﬂ/ \_Microstrip Line

5UN 2.28 lassasnmwesaeannialilasansuiuutesdndwinuadunuuinieas

2.7.2 NMSWNSNSTINEATUVBIENE DN AUV BAUA
ANYDINALUUTB I UATUILILNITNTEINUARUKNIUNANYAINANT TUAALLBDIRN

AR IAA AT URENUSIIUNTY duRdUNLNINTEEeaNaNaTYa N FasnsEangluludn

Y

Unamiledadlianaraisneiy dauansduguil 2.29 91n5URaAMTANNIYBIRELINAINA1AT

¥ ¥ a

1 1UF9971na199 2 Tneiiaananed 1 andsasumieiile S 819108199 1 hazdananad 2 3

Y

I a

ArRsAvesinatslilmiouiunseliadunin@ndudinud (intrinsic impedance)luniiouiu

ARUNAADUTNDDNINNLNAIN I EAPAULL BN TENUNURIVIUINALLNANITALTOUNAUYDIARULY A

Y

Y PN 1 = ! 1 ::l' £ Y a al ! &4 o O v 4 i —i Id
FINANN 1 dAIUNUS LL@%ﬁQNWUﬂauL‘U'ﬂiﬂ,u@’iﬂa%‘l‘ﬂ 2 Snaunilanaudli E way H Wu
4 o« o a Lo a A 4 2 or g4 g o

ﬂaULLNL‘Viaﬂl‘WW’WIﬂﬂigﬂ‘U‘WLﬂﬂ‘ﬂ']ﬂLL%ﬁﬂﬂ’]Lu@ﬂau e E way H LUUQGULLNL‘Viaﬂl‘V\I‘W'WI

a 19 Aa | -t —t I P | < a I 1Y LY ~
WNINNNSELNDUNRWOUWS @ E way H wJuaduwdwanbidndssnudnluludinaei
2 fatiuludananadl 1 eduiusingegifenauinszninsndunnnsgnuiunduasvieusuiu dm

Y

Tusnatsd 2 dufaziiiesrdundsinulasausaeudunnuduiuslansd
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—r —t

E+E =E

—i —r —t

H,+H, =H,

TASAAUA A t A @7UUSENaUYBIEUNNIULUIVUNUNURIVBULIA

(2.56)

(2.57)

~ 1 =3 a1 P A a &£ a ] a
Lua\‘ﬁ]']ﬂa‘N']QJLL@JL‘Viaﬂ‘lWﬁ’WI‘lJJWE]L‘M’J\‘I‘VILﬂWU‘NG]iQN’NJ@UL‘(JG]UU L31d1UIDNAR

laTnAnduidesainnssualiihauya wagnszuaudinanauyafinszatveg uuveuivalugy

aunseebull
- - -t
J =nxH,
— - -t
M =nxE,
Tnginvun i j Ao nszualniauna
M Ao nszualwiuinanauya
7 AD LINMBINUIBTINIVBULIA

Ananadi 2

E:

H.
=i w
AalEEVIRU

Ananadi 1

3UN 2.29 msavviauuaznsasiuntu
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dlemdunmdeuidinsenuwiuinauysaluuundvealauay q daguin 2.30

Ineiiviresaunlninianduuuivesseuta wazgilirnunitvesdeale (S) iatey ¢

- -t

% - d v
W mnganuYentanauiin 9 nsswdliirauya (J = nx H Rglivwndrdauasiiiely S

winlnaeug nssudliihauyaninensdaislamsziliosniawimdnuin widwildunssua

- >t v v
U a

- a 1 a 1Y 1 ¢ a
wilmdnauya (M = nx E,) tu lannsafinzdadisldmseidie S Wilndgudauiulnfiaiides

Waaggidmmetuddaldanunsadaiale

_’ﬁ

3U# 2.30 MIns¥atgAduIINYeUln

2.7.3 MSTLUATDUNBAUTVDIEEDINIFALUUTD TR

aa o fa a 6 a 1 a 3 dy
Wlumsvuungeufiuauduesegoinalulasansuiuugoatntiu IWEJW‘L@’]U

v 2

= aa A
WUMIBNU 3 15 AD

1) I/ 15iheuANINA1YeBRlneeNdNYARINaIvRIE g ATy

o

(offsetmicrostrip feeding) {WwiSiaeuvseldsusiuniwegaiinaiweseslneanainga

nananswesaedsdyaauuulilasansdlad Tnsdeulumedenzememindusdagui 2.31

A
Slot antenna

Microstrip line

UM 2.31 Timsideuaninansvesesdneanaingainanavesanededyay
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2) BnsuSuauevieudu (stub-turning) Tne3Slazidunsiudeuauin

AMNENITRIEEAF I INFUN 2.32 Avuali Lm uaiiuevesieuduinisuain

= 1

YourRstollnaudilatvauaidygial MIVULNASDNNLAUTIUziNan oA MALT IS LUUYD

v

20N

-

Slot antenna

Microstrip line

sUN 2.32 F5msuTuanuenvieudu

3) Bnsuyuedln (center-fed but inclined microstripline feed) 38M13
Xy o g v a ] 9 Y 9 = = o fa  a cam &
UA ﬂ'ﬁVl'ﬂfWﬂ]’@\‘iL‘U@lllf"]ﬁﬁ']ﬂﬂUaWUaQammquLaﬂﬂﬂﬂzﬂw 2.33 GINITNLUAYDUNAULITU

sgdnnugeennuaglineslasuaiuiey

Slot antenna

Microstrip line

5U# 2.33 Fmsvyutesdn

2.8 m@mg’m‘ua\‘imsﬁamiLLUUl’%’ﬁﬁH

gonvuddinsiniuazdidnnsedng (Institute of Electrical and Electronics
Engineers: IEEE) LﬁUﬁaﬁﬁuﬁlﬁﬁWMUWNWMigﬁumsv‘hmumaﬂL‘Vlﬂiuiagmiﬁamﬂimaﬁﬁ’]ﬁ@
9 il

2.8.1 4m3g1u IEEE 802.11
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1) IEEE 802.11a tJusmsgruiildvinnissu-dedoyauvul fanelaiinasdundy
durismvienduinefinawd 2.4 - 5 GHz

2) IEEE 802.11 b 1unisdsteyauvuliatelneldniuanud 2.4 GHz s
ms¥u-dadfeyail 11 Mbps. Fwvilsildldlnandy IEEE 802.11a iesarnaudldni1 eion
i fudusgraunsnarsinnlumsdoasuuulians liihezsidursnsgmavnssunisuwnd
PRUNIABS 187

3) |EEE 802.11¢ Wun1sinsiedeansluszuuldanefianud 2.4 GHz usisnsins
$u-defioyanzgendt IEEE 802.11b i 54 Mbps. ilsfinsldegraunsnarsunlutlagtutiua
fimaluladfduniaunie MIMO BslindnnisAemsiinasenmadiluiioifinsz oz nisly
QUrGE Imstsﬁ'ﬁa;gaLLUUl%fmsJﬁ?ﬁqumzﬁﬁwﬂﬁdasﬁagaﬂﬂ%ﬁé’ﬁyﬁmmﬁumué’agmwmazﬁau
1 MIMO 1,1"1msqﬁauﬁumﬂﬁﬁﬂuﬂwlmﬂm&JmiLa‘%uLsil"]ﬁ’ul,ﬁaiﬁm5%’U€1’§gﬁg'1mamysai'€iﬁu
Feanunsnu-dedeyaldludng 108 - 240 Mbps.

4) IEEE 802.11n iuinnsgruvessandusiedorislfmeinemneiuin azdhan

WMUTiLNASE IEEE 802.11a, IEEE 802.11b waw IEEE 802.11g Ml audusgluilagiu lngls

dnanulunsiudioyaluszdu 100 Mbps.

2.8.2 4m3g1U IEEE 802.16
Huinasgiiliszeenesmadenloslutiassezdy 9 ud 1.6 - 4.8 km. Wity
Wuanasgrudisafiatuayusvuvumstdnulussdvaion wieii3onin Line of Sight (LoS)
wismsgudinduiinadaldamdugnunnudfigunnie 10 - 66 GHz
1) 1195g11 WIMAX uuy [EEE 802.16a (usnasgiuiiuiladiuuseann IEEE

802.16 Wwnlpeiinsusuansyaunudntdauliaunngu 2 - 11 GHz Benuaudhniunlasy

A a

MsuAludaunnToRINUIMIgIN 802,16 nAatiuAmautRinssessunITvinaLuunlieglu

9 Y

a wva (7

s¥AUaEAT Non Line of Sight (NLoS) Bnnsdsiinaamdfnisyanuludiuvesnavensdyayin
Welldfnrnafindu auanmwindenyeiy 1du Auld 91A15 M8 wenaindndsyagli
anunsavenesEULAseTIBdeusedu e Silaliaenmsigelaninendnnsguiy aesad
o ) a dy N o < [ 1Y

IMMIALNATANTUIINUINTFIULINUTEL 48 - 50 km. wazlidnTanusilunissudsdoya
g9gnAna 75 Mbps. vlvanunsasesfunmsidensenisidauiussuuniedigvesusenninisiy

a18U5zLAnNd 1 (Tl-type) ¥1nN71 60 518 LATN15LE oUF BWUU Asynchronous Digital
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Subscriber Line (ADSL) anuthudeuiiinendednuansfesniuSouldndeuiulagldiindym
Tunsldau

2) 1195514 WiMax WU IEEE 802.16e \Jusnmsgrudioenuuusnliativayy
msldnusinduaunsainnmusziansng o wu aunseiiidie 1dadn fefie Wudu Tnelisad
vhauil 1.6 - 4.8 km. flszvuivglvgldnudiansodeasidlaglinuamlunisdoa sid
wazfiadiosnmmaldou whniinsedeuiiognasaan

2.8.3 41913914 IEEE 802.15

1M1 IEE 802.15.3a Ultra Wideband (UWB) wiseanidu 4 umsgiuleun

1) IEEE 802.15.1 ﬁﬂmmsiwmmgm%umst‘W (Physical layer) wag Media
Access Control (MAC) dwm§unssudstiesatuy Bluetooth Aldifutiagiiu

2) IEEE 802.15.1 AnwHansenunishdauuiagnisyinanusiniuseninedasaig
WPAN U WLAN uazszuudoansidanedu q wuszuulnsédny GSM COMA wazGPS usu

3) IEEE 802.15.3 ANWINISTIMNAST Y0 UNE mua: MAC dmsulasede
WPAN #ifins1nnsiudedeyageannuszana 11 - 55 Mbps. Tuszeznisiudsteyalsitiu 20
m. kagdnsldndenuuszaaladiiy 0.5 mw. Tagdn1sdnvinsauinsgiugeeiiendn IEEE
802.15.3a dmiumsfudstoyailfisnsigeunnda 100 Mops. dmiulaseing WPAN 73l
szerlndlaitiu 10 m. Fshanaspuvesiiauevatseiidnsinissuddoyagianuinnin 1
Gbps. n1sUszanaldsuvedtasetis WPAN #uunss 1y IEEE 802.15.3a tuatnitasldi
Tassnedeyaszoglndigu Liunnsgiuvestunisninuay MAC 991 Wireless USBlASst1g
aoufiumeslianeniglutiu vhediinamu vhedugUnsnididnnseindidosnmsnsiudsdoya
Tutiinaiigenn 1wy edeady DVD InsviminfinnuasiBonguiusiu

4) IEEE 802.15.4 Anwimaiisanmsgiuvestumeninuay MAC dwiulassine
WPAN ﬁﬁé’mwmﬁfndﬁaga@qmWmhmﬂm 1 - 5 Mbps. uildndrudnduirsyszun

100 uW. Faazdunnasgiudnivgunsaiddnuselindauindn wu Insdnsileds ndesdnesy

¥
Ly

o a s = i & v o oA =
LATDIABUNUADTUUUNNNILAZIATDALAUNAY MP3 1Tudu wenanidullseunsgudesia
ISendn IEEE 802.15.4a dwifudnsinisiudsteyaliiiu 1 Mbps. usilszegmsdslnauntula
9 75 m. widarsidnsnmsldndanuniuingnesnwuuindmsulasang Wireless sensor

network kaglassinglsanedmivgunsaimuaululsanuanaivnssy
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A15197 2.3 mswSsuiisumalulagliansuuunig ¢ [9]

walulad WATHIL LATETIE  BRTIAILY JEHEN A
WiFi EEE802.11a  WLAN  guga 54 Mbps. 100 m. 5.1 - 5.2 GHz
[EEEB02.11b  WLAN  gsdn 11 Mbps. 100 m. 2.4 - 2.8 GHz
[EEE802.11g  WLAN  guga 54 Mbps. 100 m. 2.4 - 2.8 GHz
[EEE802.11n  WLAN 300 - 450 Mbps. ~ 70-250m. 24 -5GHz
WiMAX [EEE802.16d  WMAN  gugn 75 Mbps.  Unii 6.4 - 10km. 11 GHz
(20 MHz BW)

IEEE802.16e  Mobile  @@n 30 Mbps.  Un@ 1.6 — 5 km. 2 - 6GHz

LVRRK]

WMAN (10 MHz BW)

WCDMA/UMTS 3G WWAN  g4ge 2 - 10 Mbps. U@ 1.6 - 8 km.  1800,1900
(HSDPA) 2100 MHz
CDMA2001x 3G WWAN  g4gn 2.4 Mbps.  Un@A 1.6 - 8 km. 400, 800, 900,
EV-DO 1700, 1800,
1900, 2100 MHz
EDGE 2.5G WWAN  g9n 348 kbps.  UnR 1.6 - 8 km. 2100 MHz
UWB IFEE802.15.3a  WPAN 110 — 480 Mbps. 10 m. 7.5 GHz

2.9 NUNIUITIUNTIU

Tuaunuddenniue $33ena1evulaiausiuifiniedfunIsiaTeiiagnis

a Ya v

aswangena vuTanse q elvisesiumsieansifanglavainvaty damshuanilfiTevane

ulmiausnisesnuwuulasiasvagoniendvuinnuanssiveanluuuiangmuidu wiu

'
U =

FR-4, w1 Roger RT/Rudoid 5880 #aluianifiarnuudsdinimuainuausdligavgu feiinis

9
2

e UszgnaldTannilanudanguanngagune wiuilasla (Mylar Thin Fitm) Tulqduled

a o w

n153dsuarimuUseendldianneglnamuyuddddluiinuszdriuaeargainianiinis

[

Y o Ao v AV Yo X Aa | a
@@ﬂLLUULLagaiqﬂUUQaQEWUWLUUN'] a’lﬂmmﬂ‘wlmwwmwuuugﬂLLUU"UENLIngﬂJmﬂ%Wﬂﬂ’li

I ¥ 1 a, = 1 a ! @ a [y 1 1 a
Lﬁ@ﬂI%EﬂLLU‘U"U@\‘ILU@?,;J?,JQ’mLan"UWﬂ%QQLUQQNQ’]ﬂLW]’ﬁS"UU’]ﬂ Wudasenuluwnaggiuainud

wazsUuuvvesfenlayuainuaazyetlalnalsdaide suvudes 45° lngdwnldiaunli

a

arwe1nailnarlsddilosuvuinau lned3delavinisdnwauwideluniseeniuuuuian

9

WANAY LA UAIMURTINEITDITINNBNATANITASI9NGIYBIRNUTH BIN1TAIN
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P. Rakluea, K. Janchitrapongveg, Wag N. Anantrasirichai [10] Yldusn1509nLkUy
mammﬂquaaﬂwaﬂieﬁaaaEhummﬁaaﬂwaui’aﬂgmmuﬁumwi Roger PCB 111
1.57 1y @genmAiifaunaunuarANEIWU 80X90 Na dNnsuransgunLies
szuvdeansliane Taltaeddyanauuululasaniy ufureadauain Tasvesdayuain

=

uwiidgotlalnanlsdaillosuuubes 45° defife sunuutanUnayuainusiazdessesulunsias

Y

(%
1 % = 1

grunuddsasnsaoenuuulilinui idaszsedu uazasoinaivaisgunuianunse
sesfummiluuszgnaldanldvansgunad

A. Pomsathit, P. Rakluea, N. Anantrasirichai, C. Benjangkaprasert, i & &
T.Wakabayashi [11] ¥i@usni1seanwuulagaigain1agneeniuuuuiangIuLEuiu 3995
Roger RT/Rudoid 5880 Jangiuilaimsialadidnasnivindu 1.36 wazdinanunui 1.6 uy 1Ju
MIDBNLULADINMARBILU UL M ATaedl daUuuuroalinyuanuazadslalasansy
Hulassafrmdn Tneveudayuarniinatlsdaidofuvuides 45° wazthunsiamiedy
Inanlsduuvisnay asernakvuusnannsaldalussuudoaslanslugwanud 2.45 GHz
wardInslsduuuaenan agerniaf aeaduaigeiniai faeslnadlsd amisoldemly
sruvdeansl¥anslugiunud 2.45 GHz @ uaggmnud 4.95 GHz Taefigrunud 2.45 GHz
flnanlsdaides wazdunud 4.95 GHz Slnslstuvuisnay asenadidunuvasssn
Anud wazaodlwanlsd

D. Yamanaka ez M. Takahashi [12] laaueaigeiniauuiidnuain laedan
grusaadiarnsialaddnasnmindu 1.36 M iandadnduddlaia MK-KTN 260 a1nusen

[
b4 A

Tanimaru 4ANAMULYIINY 8.29 x 10° S/m. @1881NATUNIA 42 x 42 13 LATIAaTIeNUgIY

[

L“ﬂugﬂﬁmﬁlwﬁuﬁw anunsaldnuluszuudoansifanslugiunnud 5.2 GHz \WHuddedyann
VDITEUY mﬂmﬁmﬂ"]msqul,ﬁaé’auﬂé’mﬁaﬁflmsﬁmﬁgﬂmsJa'lﬂflﬁ?famaeiqma”Liﬁ'U'ﬁ'Nﬂwa
uywdlasnsinnsaseinialivuniion wagmsusuiisunanisaeuarkanisinaie
dmfunansznuifleanseiniadinesguuinaniouyvdie A1 n1sgdeidesainnisdeundu
(Return Loss) ideugtuauilunenrmiifigiu efivas 30 - 50 MHz Amsgadedoundu
fnsasuuvasiisadntes

S.Yan, L. A. Y. Poffelie, P. J. Soh, X. Zheng, taig G. A. E. Vandenbosch [13] Ta
Anwinsesnuuuateinialululwadmivldluguanudsansiladuuud 19lusunsy CsT
Microwave Studio Tun1seeniuu angemadvuIniniy 80 61 x 4.51 1y laganganiegn

Y o A v oo v & I3 = ~ o Y °
aiﬁwmaﬂgmmﬂumaﬂwmm IﬂiﬂatiWUEqULﬂugﬂmﬁqLLUWLwaﬂﬂmﬂaua@@qmﬂaﬂﬂqﬂuq

61



T UUTEUTIN AN sEUIUNT IR RgA UuMAY Aimsldinadanisaniideuniisesianie

AENNTHNUSHUELDUA N DA TUNAIVDITZUIUNTIIADNTLITU @NUNTONDUAUDIFHDAINUD

A ]
I

Tuts 3.1 - 11 GHz Tudumeuniseeniuy auzddnhlsiaensindiieasenmaidnuay
Haseuagyhmadisuiisumsianailethaeonaluvssgndldiudnaduusuazmien
Aiinsinldtienuunndafisndnesileiisufuailiainnisdiasswalulusunsu CST

S. Ui, uag J. Li [14] Iddnausansenavuinduddmiunsdeansiiane Tnedan
grusesdiarrsialadidnasnuindu 1.54 TEiagduuuiumUnewns ageinmaduuin 20
45 uu2 14lUsinsu CST Microwave Studio lun1seenuuu Tasadeiiugiufusudivasuiiu
i1 ansaldeniluszuudeansldanslutiennnudnni 2.37 - 2.98 GHz uag H23Audged
5.69 — 6.08 GHz mﬂﬂﬁ"’g’mf-ﬁﬂwﬁqay,ﬁaé’f@uﬂé’uLﬁav‘hﬂﬁam&y’amamﬂml’yﬂﬂé’ﬁuﬁawﬁwaa
uyudwudn Amsgyidedounduiimadsundanfisadnies

T. Ranadkaew, lay P. Rakluea [15] Y1L@uan1509NLUUUULN UR dUUN (Mylar
Polyester Film) d1m3uguanudvesszuuguiesliuuud Idldaroidyaauuy Co-
Planar Wavegide (CPW) $2ufUukuuAwd s udnumg sunszdunsaiaden Idaguy.de
iosannsdeunduiinevaussdmiugruanuivesssuuguidesladuuud Andud 3 - 40
GHz angprnadiivuinanunitauasaue vty 45 30 w2 dofide anvermediam
Sanguannsolfsseld esnldYanduniuiiduisuaraseinmaiiivuudininfraun
annsnsesfumailiussgndlduldvanedisain

S.Yan, V. Volskiy, Wa e G. A. E. Vandenbosch [17] ¥11A1990ALUULAL AT 14
avomATUszndldifugasaud 1SM Bands iAnudl 433 MHz uae 2.4 GHz Tagldlusunsa
CST Microwave Studio Tunseenuuy angeinaligunssdivaesiiuinaiisunianguiidud
dnvanavun 6 uu. Trawiladidnesniviniu 1.3 Anisagdeunuaud () wiiiu 0.044 waz

THEFU NI AUNUIIITU 0.17 U, TA1AUULYINAY 1.18 105 S/m. @1891n1AinSEY

a

wAdAN1sgrIeesURLeaRla1891IN AL T8ITUE1UAIND 2.4 GHz Uaginn19lY1e 303
s A a o w Y N a v o

FPUIUNTIIALNBL LA INE1IEIMTUTEITUEUAIND 433 MHZ 9nN1sAaRtaEngaInIa Linge

A9 9 VOIINNBUYEEUIINGI 9efTigaien S11 Inmsdsunlaaiieudniiesfie Nalng

waznvu Inglasssldlufidanianu Y vasaige1nia
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uni 3

N3N UUdAIYdINA

3.1 unin
Tuuniaznanieniseenuuvasendlalulwalneldasihduaanuululasansy
M seeniuUkazdIassnanlslusinsy CST Microwave Studio ¥NFIATIERAMNITITNDS
A9 9 19U Ansgdedoundu (S,,) Fsesdudmniivesudniivsuendsnuniesuaunmd
YOIAHDINTA Iu%umauqﬂﬁwmaamiaaﬂqumammﬂﬁwmmmm CST Microwave Studio
wdeshmavsuuslasaslugns q Welildnaiidian (Optimize) Fofurmnafimesilld
nmsFadeaunseg 9 Saduadudulumsesnuuuinby naitldlutuneuandheain

TUsHNTUT1809NAT 9971992 ANN 1M asNRgeanlUaNAR LA LUTUR D UNISATUI

3.2 ﬂ']i'élﬁ]ﬂLL‘U‘Uﬁ']FJ@’]ﬂ']ﬂﬁ']LLUU“liQQLTJﬂHSJQ']ﬂ
3.2.1 MdwesdmiuniseentuuagoInIAitealayuaINd T uLATaYIBUT I
enewuulians lnedrsusuuilaluiinisdiasiwazasnenss lneldiangusewiaiingie

a3 (Polyester) uagrgiain Shieldit Super InsdamisdwmasnAenslgunal

Ansialadlanea3n (g,.) = 1.30577
AlaBlanasnaalnuaua = 0.00213
ANVLNVRYIEAFIU (h) = 0.898 mm.
AUTLIvETERA i (t) = 0.03 mm.
AL = 1 Ohm/sq

3.2.2 lAseEngene
lassangoniAagonai e slayuaindniuaserneusiausaniewuuls
a1y Usznau 3 du Tnsdfunansietangusesnindieamainniladiinndn (¢,)=1.30577 i
AU = 0.898 HadLuns GT}qQﬂ‘Uszﬂué’wﬁﬂwﬁmﬂuﬁﬂﬁaﬁw Shieldit Super Vigmmmﬂuaﬂu
211 2 9u1a (Aidu) Wenimeuauss 2 guanud Tasflyuaniidauenunagnovauosd
ANUAYI 2.4 GHz wazauandifinnuenosagnouaussiinadtg 52 GHz dwudnsunils

gndsznumeamedauululasansy @ded) Weaduddoundwnliaeemaunnszaieaiu



Ineguuuulassasiemuddygynazilugiuuudedayuainnatevuin ddeffearseiniad
ANUNNDASEAaNY 39UlASIEs9N e vIIN1599nkUTNIT1a09n5YIN1UlaeTdlUskASY CST

MICROWAVE STUDIO @alassansuasansoimedowiy dagud 3.1

We

* »

Lg
3UN 3.1 lassainevesangoIniFihuutettnyuainioa nwuy

UARIAIIUALIBYDINITILN DFANE)

w AD ANUNINIVBIEIEDINTA

L AD ANNENIYBIRIEBINA

Al A9 ANUEIULUILNURBIAINLA 2.4 GHZ YasauoImasaf 1
B1 Ao mmmﬂuLLu’JLmuuau%qmmﬁ 2.4 GHz maqawmmﬁéf’gﬁ 1
A2 Ao AuEIlULLILAUABIAILE 5.2 GHZ vesansomAsaf 2
B2 Ao A UMILNLUEUYBIAME 5.2 GHz YesdseInasafi 2
A3 A9 ANUEIULLILAUABIAINLA 5.2 GHZ YaseBoImAfaf 3
B3 Ao AN UMIRNLUBUYBIANE 5.2 GHz YesaueInasaf 3
S1 Ao Aunewemenllanaud 2.4 GHz vesEseInAfaT 1

S2 Ao AU weseadannud 5.2 GHz vesEsenAfaf 2
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S3 Ao AU weseadaninud 5.2 GHz vesEgenAfaf 3

U1 Ao sTeranmevestelalunuinnudmestesdaninud 2.4 GHz vos
aponAfaf 1 fudeadelunuinnuimeonlnaud 52 GHz 999
aeeInAAT 2

U2 Ao szpzanveUYTeseslaluLuinuimeweulnaiud 5.2 GHz
gsEngenAfaft 2 futeadaluluiunudwestendnmnud 5.2 GHz
YOsELOINAFIT 3

rl Ao szezrieszaduinanmesaedslilasaniuiweulatsveesda
TuLUILAUSBIAINE 2.4 GHz vasangeInefad 1

r2 Ao szevissyraduinatsesansddlilasansuiweularsvesdeadn
TULUILAUADIANE 5.2 GHz Y8saneenedad 2

r3 Ao szozvhsszninaduiinanmesaeddilasansui wouuasvesteadn

TN UAIYBIAINUD 5.2 GHZz UBIANgDINARIN 3

'
[y 1 ~ A |

GL‘LJﬂ'l'iE]E]ﬂLL‘UU?{’]EJaqﬂ’lﬁsﬁlaﬂlﬂﬂ%mﬂ’]ﬂaﬂﬁﬁ']ﬂ UBYNUUIAD NTBBALLUUAYE

o
(%

lulasansulviiduiuaud (2,) 50 lovin Tugruauleonuuy MR LIMIIAIINNING
vosaneaslulasansu (W,) 3naunisi 3.1 Faztusgivairmalaanssn (s.) wazanumun

VoITaEng1UTe (h)

LEANAEA 5, 7 _ 061
L n{B 1~ In(28 = 1) + 2= [In(8 - 1)] + 0.39 } (3.1)

Er

6072
B = P (3.2)

Tawauns 3.1 Wiile z, Eorf < 89.91

A7 &, va3TangIuTes = 1.30577 uasA Z, = 50 laviu unuadluaunis 3.2 agle

60m?
B=———=10.364

50v1.30577
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111999 B hnuadluaunisi 3.1 azle

Wi, 2{
—_— 7-1-In(2(7)—-1) +

B 1.30577 — 1 0.61 }
0898 1

e [In(7 = 1] + 039 — ———
2(1.30577) (7~ DI+ 130577

2
= ;{7 —1—-2.56+0.209 + 0.39 — 0.467}
2
=—Xx3.572
s
W, = 2.039 (= 2Zmm)

Iumiaaﬂquawmamlmimam%ﬂuwﬁdaqL?ngummfu Wrsfn o5 usn
Swualaundsmnudislowuud (£) fidesns Aeanuennsiuves A+B lagassoseanwuuliid
ANNENIUTEUIN 0.5 A, yeapuislouuudigesns s ualiunAmETITeT A = B
Wufu wsdmes A was B azdenndesfuaunistuniseonwuuminudislenuudves

ANYDINARIAUNITN 3.3

0.5¢

SN (3.3)
ﬂ (A+B) [Eeff
Wle
1
_&tl | g1 ( @)_E
L2 1A i Wl (3.4)
warANEMIAAUFUTINSATUINLIAN
Cc
A= (3.5)
9 frfeerr
Tnerivuali c Ap AISIuEs (Useaal 3 x 108 m/s )
f, Ao ANALSITLULGNADIN1TeBALUY (GHZ)
Eeff Ao Armsladidnasnuszanswa
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NAUNISA 3.3 waz 3.4 1Hunisussunaasuaulunsuianunslguuugves
a8 MARILUUTRIUnYLRIN TIN5 Y NSoR NKULATERINAd I8 TY
Tun1seenuuvatsenialulasansudeudayuainiy wislwesalddus
ANAUA T LA AU DL TR UUTAA BINTITAD ANUYIIVBY slot antenna TULAALAIIUD VD
a a n’n’lj o = = £y LY LY 6 dl' d‘ d‘
ngnfinusilaviiolUilSouiieuiuanue1iduivg (4,) Wenvemanugnnmangailuns
o :.// 4‘{’ a a a":gl’ £ ‘:l' r-:l' o
ganwuuaIweIN1e Aatuaunsiugilunmsm (4,) Tuinerdnusiuanadaaunisi 3.5 devin
nseanuwuulilaaufslokuudgndasnisazldadladidnasndusiusniuunldazldainued

ARUANINS (1,) MANANEMIARUANINS (A,) NAdudislanuud 2.45 GHz uay 5.2 GHz l¢l

1%
[

=
JU

C
A

2= 7 ——
g frwlgeff

~ 3x10°
(24 x10%)V1.2

= 114.10 mm (= 11.41 cm)

C
A

52— 7 —
P fofeers

M 3 x 108
(52 x10%)V1.2
= 52.66 mm

o a

Fainanundrinanuenvesaeddilasanivaziaanug1iunnnit 05
Anuevesaedilulasansuaziluiinmuntszdnsnmassaigeiniadealanuuyuain
Hosnaseniabedamusnifissnntussliifuiilignldlunisinssaisedudfiumndy
wazaziinsanneuTesdyaaLInTudie Swildinnssu wavdidymiamwede oty
UsrAnsnmanasuagsesdiafmansgnuiilosninmsvetedmuanuenvesausliiiuina
LHUUHNTZ18AAUN Y ANLENYBIEEDINATLTAYNA N TLUTHARLTUA B VDIAAY

YeIRNUDLTEL NG A H1ANUEITedE TR N AT aRTAyNaINUUiANE RN UL
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arwiisTouuudinas udlumanduiudreusnvesmeoiniadoaliaguaintulinnueiidy
avgrhlianufislouuudgeiu dunruniswesmeemateadamuainazlsinduiua
gpduvesnMuiislsuuLd Aedinunisvesmeomareudayuanuauasesiilinuiig
Touundfigiunazianunssmeemeadoadinguaintuinmuanuniaduduasylig
aufislenuudifasfinnuenvesamee mareadafieniu anuniwes agenatesdn
suantuinruduiudfuuuudindvesmsoniatoalayuainfeiiennuniwesmeoinia
Foadiauvuynantuifintuazviliuuudindvesarsonianiietude uazddmaril vl
Sns1vesvesarsornialulasanivdosdanuuyuainduifindudie uddinnuniewes
meemavesia vesmyomelilasanilioalauuuyainivuiaiuavasiagiliuuuding
vosagamalalasanidesiauuuguaintunavasedunarhlisn ruesvesmeaniely

lasansudasUauwuuyuainiuanainieiuiu

M19197 3.1 AsdiwesidosriuvesangIMARILU o UnNaTN

angonAR LU LY UaLNaInd nsueT T e UT sk UL SanY

#im7uA 2.4 GHz way 5.2 GHz

W o3 U9 (mm.) Wsnes YU (mm.)
Al 33 W 6
B1 33 S1 2
A2 @0 5% 5
B2 7 S3 5
A3 // U1 20
B3 I Uz 0
ri 11 r2 a4

68



3.3 N5ANYINITIANDIANY wazNANITIIARIEIDINARILUUTaRTAYUAN
Tudrdzfumsinavemninesfiddy waskanisiiasivesasenaiigesdn
YuRINAMSUATUE UIAIIMeLUULTaN Tnen1siinesd 1Ll INTe99EiNITATIRE0 UMD

[

funnnis Wasuwlaslugrunisldnulagyinnsildsunlasnmis i esang § 983a18e1na
ANYed IWayuaInd miuaIeUIs s entewuuliaty lneiinisiitwazanvuinues
W53 es 113U TImesmualun15199 3.1 WuruinEuiy wasdunnnis

Wasuwlasen duUseansmsazvisunay sasaluil

3.3.1 WISRDIAIUNINVDIAIUDINA
Tumseonuuulumdetaznaniin AT in AW 3R89 V01881 A

Youdnyuain

04
=104
=
b
(n] !
- |
£ 204
=
®
o
Rl A TN L=
—e—A1=81=30
—e—A1=B1=40
| (—A—A1=B1=35
_4{’ T T T T T T
0 1 2 2 4 5 B 7
Frequency f GHz

JUT 3.2 msgeyideiiosannnisdaunduilleidsunvamisilines Al Bl

1N5UN 3.2 uanan1saqideiilesainnisdaundu (Return Loss) AoAIuiLs
Tgwuud Wevinnsidsunlamnaiives AL B1 1w 30 mm asiiulaidaaydedoundued

AAnUszanas -10 dB fetiessiuldldanunsauinluvinduauaseleswvinnisusuamnsdmes Al

(%
a

B1.Uu 35 mm azmuladnfiangaydedeunduiuszuin -30 dB Fawagauiiasdn by uay

939 welildrmunzauigaisiunisndmes Al B1 1Uu 40 mm azwiuldinaigade

U
& [y '

gounduiiAnuszunal -10 dB 99 -20 dB aziulan1sUSUNIT R es Al B1 dinsenuagnaunn
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] fa a a ¢ N d‘ ¢ a ~ & w d'
AENISLUAGTIBNALAUTURIaIweINAlaeTiANuRs L uud s UAs UL Uasisadntos Tae?l
a s d' a o = = =3 o o
Audslouuudazifounaudnlyauigule Al BL unnfu uwazdensenuiunis
WaruLUasuuaIny (Impedance Bandwidth) 98an801n1@dneae Aelu Al B1 Nwungaulu

PULAIAIULIBAINY 35 mm

Return Loss (dB)

-0 4

—e— A2 =B2=A3=B3=15mm
40 - : J—a— A2 =B2=A3=B3=8mm
—=—AJ=BI=A3=B3=12 mm
T T T — T T T

0 1 2 3 4 & & 7
Frequency (GHz)

U 3.3 migmul,ﬁmﬁawmmsé’auﬂé’mﬁam%auuﬁaﬂwwswﬁma% A2 B2 A3 B3

913U 3.3 uansmsgaideiilesainnnsdeundu (Retun Loss) fendudis
Twuuud Wevinnnsidsuudaminiines A2 B2 A3 B310u 9 mm azwiulsidagyde
Houndu egfirUszans -20 dB f 30 dB FsanunsninluvhTunuaidld el dammnzans
yhmsUduAmnsines A2 B2 A3 B3 1du 12 mm asuiiuldiniiiigndedounduiivssana -30
dB i3 -40 dB Famnzaniiaziiluvindunuads ielildefmnzauiianisusumaniines A2
B2 A3 B3 1Uu 15 mm azmuldinArgadsdeunduiia1useuin -20 dB aziiiuladnnisysu
wfiees A2 B2 A3 B3 finsznustrannsenisuunddduiinnuduasaeseina Tnefinuiis
Touuudazidouinauisluaiuigaile A2 B2 A3 B3uniu wazdensznufunis
Wasuulawuusing (Impedance Bandwidth) vesage1n1ASnsae fau A2 B2 A3 B3 7

WLNEAUUNULAIANNEINAY 12 mm
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[] -
oy s e i R il bl ' o 7o ittty
=2
0
s
£ -20
=
o
o
=30 -
—ea— 51 =4 mm
—a&— 351 = 6 mm
—w—51=2mm
-40 T T T T T T
0 1 2 3 4 5 <] Fi
Frequency (GHz)

sUN 3.4 nan1sdnaesdnsgadedoundu (S11) Wewfguuuas S1

NSANEIAINIITRDSS] magﬂﬁ 34 LLammiqzy,Lﬁ&JLﬁaﬂmnmié’auﬂé’u
(Return Loss) deanudislauuud Wevinisivasuutamisniives s1du 2 mm agifiulding
AgnydndounduogfiaUszana -30 dB 9 40 dB Fsanunsaihlushiunuaidldiielwlden
wanzanduihnsusuamnniimes st 4 mm ziuldidigydsdounduivszana -10
dB i -20 dB Falsimuzaniiagiiluydunuate Weldldarfmnyaufianfausumnines
s1lu 6 mm azuladiAtaqdedeunduliaiyssuialifs -10 dB avWiuladinisysu
Wi fimes 51 fnsenuegraunsenisuiadduuauduaaseinialaefinnudisleuuuday
Wasuwlaufisadndeslaefinuiislonuudazifonananuisluanuiguile s1 1Nty
wazdsnsrnuiunsasundasuniing (Impedance Bandwidth) vesangennadndae ey

S1 AnnzanluntilanmNeIwINy 12 mm
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-
=]
1

Return Loss (dB)
3
[]

=30

—=— 52 =53 =2 mm
—+— 52 =53=8mm
—-—l-—_“_ 52 =5:_.‘r_= 5:mrr1_

-40 T T T T T Y T v T T Y
0 1 2 3 4 5 6 7
Frequency (GHz)

sUN 3.5 nan1sdnaesAnsgededoundu (S11) Wetudeuuuas 52 53

NSANYIATNITIALRN DT S2 S3 mﬂgﬂ‘ﬁ 3.5 LLammiqu:y,L?mLﬁaamﬂmié’auﬂﬁu
(Return Loss) siomnafisTouuud WevimsiAsuntasmnsdines 52 53 1u 2 mm aziiuld
ifirgapdedounduagiidnussuna -10 dB f1 -30 dB Fsamnsmilurhdususidfidelnld
Amzandsinsuiuamsfiwes 52 53 10u 5 mm azdiuldinddgaydefoundud
Uswanas -30 dB fs -40 dB Samunzaviinsiiluhiunuade weldldafimunsauiianiaiy
Wfiwes 52 53 10U 8 mm zwuladiAgydedounduiiatusyann -30 dB aziiuldionis
Usumsiiiees S2 53 finsynusthanndemsusndduuaudusiaseinalasiiniuislouuud
wdsuulandivsdnteslasfinimsleuuudaziaouananuimluauiguile s2 $3 1n
Fu wazdinsznuiunsidsunamuusiag (Impedance Bandwidth) w8sange1nasngae

AU S2 53 MuunzauluntilAIANNeIYIIAU 5 mm
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-
=
i

Return Loss (dB)
fua
L]

ey R e
—a— 1 = 25 mm
4 |=—=—U1 =153 mm|
—a— L1 = 20 mm
-40 T T T T T T T T T T T T
li] 1 2 3 4 5 B T

Frequency (GHz)
5UN 3.6 nan13dnaesAnsgadedoundu (S11) Wewdsuudas Ul

¢ ' a & P a = 9 )
N15ANYIAINITITLADS 31nFUN 3.6 Lanensgdeiiosainnisdoundu
(Return Loss) siaanuastauud wWovinnsiuasunlasnisniwas Ul Wu 15 mm agwiulaan

firmeuauatdounduegaUszunlifie -10 dB ¥03ANAN 5.2 GHz Baldarursairluvin

4

uuasala Welildanuunzanduinisusuamsiwes U, WWu 20 mm agsiuladnian

gidsdoundunuszunm -30 dB 819 -40 dB Funuizduiazluvintuauass elulaaiig

[z 2D

a = [ a 4 <@ = 2 1 a [ v a0 12
wiawaufiandeuTunmidnes U, 1u 25 mm awiuldiiragydsdaundulinssunalaib -
10 dB 814 -30 aziulaInsUTunIs I Twes U, 3n5enUag1auinmon1shungalwaudue
angena lneaudislenuudiinisiisuulaiadudgade U, 1103 uazdansenuiuns

WarukUawuuain (Impedance Bandwidth) aada1aa1n1adnnie fatu U, Munzanlund

FUANAIUYIAYINNU 20 mm
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Return Loss (dB)

] i—-—'L'J'é":' 2 mm|
40 4 :—0—U2=Emmi

(—a— 112 = 0 mm)|

] 1 2 3 4 5 ] T
Frequency (GHz)

sUN 3.7 wan1sdnaesdnsgadedoundu (S11) Wewdsuudas U2

= | a & P a ~ v )
N1sAn¥IAINIENes U2 21n3U9 3.7 wanenisagideiilesainnisdeaundu
(Return Loss) siaa1uastaonuud Wavinisiwasunlaamnsiwes U2 wWu 0 mm azimiuleqndl
AmavauesdounduagiAUszaalife -30 dB earunsaurluvinguauaiald ielilaan

wnzandwinisusuamsfives U2 Wu 20 mm awilainfiagaydedounduiivuseanm -

' v
a o o a

30 dB fi4 -40 dB FanugauaziluhTuauase Welilarnmnzaunaaduiunniives

1 =

U2 Wu 25 mm agzuldinatagdedaunduiianuszuialifs -10 dB 84 -30 aziulain

]

=3

P59 05 U2 JNTeNUag1auInaon1shlngdlwbaUsUa9@18a1NALAgNAULS L UUTRY

WaguuUasauamias s U2 ausnzadlunideiniimeganiniu 20 mm

3.3.2 HAN133184ENEDINAN MUY BRTALNRINEMTUATOUBUTLIUTINNY
deovnisTiasiuulassaiiwesaigeiniaiiwuudeslayuaindmiy
Uszgnaldiulassngliaeuussmenyudmelusunsy ST auldamininesfimnzauuda
JINTAATIERRuaN TR 9 vesageIn1AllaInsgayidedounau (S11) AnunuILuyY
nseUd (Current density) 9031981889189 (Gain) UagWUUFUMSUENG$1Y (Radiation

pattern) Fallswazdennmoluil
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)

=20

Return Loss (dB

-30 -

—i— Simulated

T T T T T

1] ] 2 3 4 5 [ T
Frequency (GHz)

sUN 3.8 Mgy deiiiesanmsdeunduatgeiniarindesayuaindmsuinsengusiou

=40

9nekuulsany

n3UT 3.8 wanen1sgLdeiiiesainnisdeunduatgeiniaiideudayuain
dwiuesotneusnasameuuulFagaulasadislun s 3.1 fauandiiiuinluguainud
AIUF 0 GHz 64 7 GHz W audslawuwdn 2.4 GHz Wiemsayidedeundunmanysyii -

36 GHz kaziluhuudiny 188.6 MHz Audislauwuws 5.2 GHz I gadedounduniign
Uszanay -32 GHz duuudinyt 418.8 MHz

Return Loss (dB)

Frequency (GHz)

[ |

UM 3.9 Adnndiuusiuaiuils (VSWR) vessngeniaideslayuaind miviasediy

ushasaneluulians
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-104 /‘/‘ A\L\"_""\/

Tot. Efficiency (dB)

[—a— Tot. Efficiency (dB)|
-50 T T T T
1 2 3 4 5 5] T

Frequency (GHz)

5UN 3.10 AsEdviEnmMTINTRIAIERINA

NNFUT 3.9 Admsdruuswiunauila (VSWR) vesanseiniaindeadayuaind miu
iFetnsuUnasseLuUliane 99n3UT 3.10 A1UsEAvBTINYesaeIMAnTesUnyNan
dwsuiaterisuinasimeuuuliaearueniananainugydenig q dausigedunnsiude
Tassadsvosansormavinun tnefiaanud 2.4 GHz fieUssanduesmsemesiiu -0.19 dB

WaLNAINUD 5.2 GHz fAUsyanSvesateaneiniu -0.13 dB

104

Realized Gain

-10

|—=— Realized Gain
20 - -

2 3 4 5 -3
Frequency (GHz)

UM 3.11 A18RTINNTVYILVRENEDINA

31N3UN 3.11 ASNTIV818909A1891NIARIYBUUALUAINEIMTULATEY I UTIUTNNMELUY

1¥aMgU09A2130E 2.4 GHz Wi 5.2 dBi wagAIui 5.2 GHz Wiy 5.5 dBi
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A1519% 3.2 9RT19818VBIN1TINADY

AAE 2.4 GHz 5.2 GHz
DRIV 5.2 dBi 5.5 dBi
0 XZ- Plane _(2,4GHz)

="} E-phi
—— E-theta

——
g

270

-
——
,_’-/s—

180

(n) szuu XZ

YZ - Plane (2.4GHz)
9 ~ — |E-phi
e 30——E-theta
Ry
o v AR

300 |\, 80

"2 WX

"\

f ]
/ At
[ 1ol
j i

270 : b4 a0

\ s
\ y 7
\ y
A / j‘

< " 5

240\\_\ /’ /120
.

180

() s¥UU YZ

3UM 3.12 sUsuunsunandanuauusseslnavesagenianaud 2.4 GHz

e



Type Farfield
Approximation  enabled (kR >> 1)
Monitor farfield (f=2.4) [1)
Component  Abs
QOutput Realized Gain
Frequency 24 GHz

Rad. effic. -0.3017 dB
Tot. effic. -0.3037 dB
rizd Gain 5.706 dB

3UM 3.13 JULUUNISUNSNTAN8ARULUY 3 U7 YesangeInAfinud 2.4 GHz

1N3UN 3.12 (1) 3.12 (V) Uag 3.13 LAAILUUTUNITLNNTEAEATULUY 2 U7
wazhuy 3 IR argenadidealayuaindmsuinsedisusiiusimesuulianeiaiud 2.4
GHz Nslussuvezdya (Azimuth) dazlussuiuioiandu (Elevation) aua1du lnedianwue

ASHENIEANEAAUTULUUERRIANIG (Bi Directional) 958U XZ karssuIuYZ

XZ - Plane (5.2GHz)
= —|E-phi
~——— E-theta

270 90

120

(n) F2UIU XZ
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YZ - Plane (5.2GHz)
= = ]E-phi
— E-theta

270 90

120

180
() s¥UU YZ

UM 3.14 sUuuunsunindanuauussezlnaretauenianaud 5.2 GHz

farteld (=52) (1)
Abs

Realized Gan
§2GHz
Rad_ effic -008439 08
Tot. effic. -0.1008 68
rizd Gan 6.180 68

3UM 3.15 SULUUNITUNINTELATULUL 3 TR YesawInANANd 5.2 GHz

1n5U7 3.14 () 3.14 (V) way 3.15 UAAILUUFUNTUNNTEINEAGULUY 2 Hif
WazLUU 3 1A argeniadealayuaind miuiasevisusiansantewuulianenaanud 5.2
GHz visluszuvesdya (Azimuth) waglussuuieiandy (Elevation) muddu lnedidnuay

msuensraneaduduwuvaesirnmg (Bi Directional) Y952U1U XZ hagseuuYZ
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S-Parameters [Impedance View]

0O 0 (18.1, 1.29e-006) Ohm — S1,1 (38.1 Ohm)

® 7 (45.4, 49.8) Ohm
Frequency / GHz

2.401000 ( 37.596196, -1.274804 ) Ohm -1i
G 5.159000 ( 38.497905, -0.136217 ) Ohm

U 3.16 N1s91aewar1dunm uiiunuduetargonialuguiuy Smith Chart

91n5U7 3.16 aziuladnaanuanldlunis Simulationaanlusunsy CST
MICROWAVE STUDIO ¥84an881n1fAagisudl 1 GHz azlaa1Adunnduiiuaudvasaigainian

18.14j1.29 Q@ f4Aud#l 7 GHz azlarAdunmduiinaudvesansainiail 45.4+j49.8 Q AUD

a

1 2.4 GHz glarA1BunnBuLAUDVRIENIEDINIAT 37.59-11.27 QAUAT 5.2 GHz aglee

dunpduiLauduetaeINIAN 38.49-0.13 Q

3.4.4 ArPurUIkLkazAEuLdanliiaeluareana

30 Maximum [A/m]: 90.07
Frequency: 24
Phase: 0

(n).AEN19n15aveInsewananud 2.4 GHz
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Y
e-field (f=2.4) [1] u
zZXx

Component: Abs

30 Maximum [V/m]: 37.31e+03
Frequency: 24
Phase: 67.5

(V) ANUAUIBUUTDINTLENAIUD 2.4 GHzZ

3UN 3.17 (n) nan3918839iAnen1stvavednssud 1Al 2.4 GHz

() NANITINABIAIUNUILUUYBINTZUE D1AUE 2.4 GHZ

mﬂgﬂﬁ 3.17 (n) azwiulgnfianianislravesnseuadinamd 2.4 GHz nslua
maqmzLLa%agjﬁ‘u‘%Lamﬂdaﬂdmzwjmgmunsnﬁﬁ’umadq LAYTBIINTEININTEWINNTIANU
mammmaqmammmwnﬁﬂmqm{maﬁuamisLLaﬁﬂ'ﬁlwaé?qLwiﬁ;mﬁauﬁzgzymlﬂwﬁq
FAIUUUVDIA18DINA LLasmﬂgﬂﬁ 3,17 (V) AIUAUILUUTBINTZ LA (Current density) AALd

2.4 GHz flunnivesdayaaindiin 1 MILHNGUgIEneg 148.7 dB

surface current (=5.2) [1]
30 Maximum [4/m]: 46.64
Frequency: S2
Phase: 0

(M) AAN19NTsharaInNTswaNnaAug 5.2 GHz
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12404
11026
9648
8269
66891
5513
4135
2756
1378
0
Y
L
Component: Abs
30 Maximum [V/m): 17.81e+03 zZ X
Frequency: 5.2
Phase: 78.75

(V) ANUAUIBUUTDINTLENAIUD 5.2 GHz

3UN 3.18 (n) nan13918837ANeN15tviavednssud 1Al 5.2 GHz

() NANITINABIAIUNUILUUYBINTZUE 91AUE 5.2 GHz

9n3U7 3.18 (n) aziildianenislvavesnszuaiianud 5.2 GHz nislva
YoINTTUAILBY MU ATRIINTENINTLNUNT A AU Az To 111959195 M NI A Y
189 NIAT3ANEDIN AN TN 9N 1sIaresnsruaiinsinasaurqadoudyyaluauds
HIUUVUVIFYRINA LLazmﬂg‘U‘?‘i 3.18 (%) ANUVUILUUTBINTEUE (Current density) ANA

5.2 GHz flunnfvesdnyamindin 2 Wagdin 3 NMSURNANTUEsanegh 142.6 dB

3.4 e NAfuUUTsalnya ntiiwanlsduuuinausesguaud
IINNTRRNKUVAIEDINARNTRN TRy NS ULATEU 8 US T MeL UL Fanevin
Tmnuiguuuudendayuann dndief vhnsiaunaeendliissans amiiasedu an
dosdayuaninuinvusdulnalstdudunuudes 45° Felfhamautddawaundy
avo AR YenTayuaniiilnanlstuvuiananaesuaad el syavsanues
a1801nAdeRzyinliAluaIun T Sudsteyalddddu Avasoniaiidinalsduuuasnan
Tassanadusudulasiaisanaseniaideadayuandmiviaietneuiinunaneuuuly
avomeldiaggusosilndioaneslasdnassiudusindai Shieldit Super Fesunilegn

wiziuyuain 2 auie @) Sndruniladuaedwuululasansd @) Weidudilou
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[ 4 1 « 2/ Y 1o 1d 1 a
wasulviangonuknszateadu Tneguiuulasasisinadygyneeduslivutedayuain

Wanagaguil 3.19

S1
— |

H1

JUT 3.19 sUuuulassaiiwesmsangamadikuutestayuanniidlnanlsduuuinatass

g4

A
AITUE

WAAA LMY YDIN TIRLAD AN

W1
H1
Al
B1
A2
B2
A3
B3
Ad
s1
2
s3
s4

A9 AUNISULILNUUBUYBIEYDINIA

Ao mmﬂ%f'ml,mLmuﬁu’waqmammﬂ

Gk ﬂ’ﬂllEJ’]?IULLH'QLLﬂu&gQSUENﬂ']WZJS 2.4 GHz mamaawmﬂﬁaﬁ 1
A9 ﬂ’J’]lIEJ’TJIULLU'JLLWUUE]WU@QWJ’IN?]I 2.4 GHz ﬂ@ﬂﬁ?ﬂ@?ﬂ’]ﬂﬁﬁﬁ 1
k) ﬂ’]’mEJ’]’JIULLH’JLLF]U%QSUENWN@J?]I 5.2 GHz ‘U@Qﬁ?ﬂ@’]ﬂ?ﬂigf’lﬁ 2
Ao m*mmﬂmmmmuuaumaqmmﬁ 5.2 GHz éﬂaﬂﬁ’]*&]@?ﬂﬂﬂﬁ’lﬁ 2
Ao ﬂ'ﬂllEJ'TﬂULLH’JLLﬂu&gWJQQﬂQWZJa‘ 5.2 GHz %@Qﬁ?ﬁ]@?ﬂﬂﬂéﬁﬁ 3

AD AINUYNULUILNULIUYDIANUD 5.2 GHZ U89d@88 1N AR 3

v a

= & =
Ae ﬂ'ﬂ']llEJTJIULLU'JLLﬂU@QSUBQF’TNQJﬂ 2.4 GHz 999@1891n1#RNIN

'
=

AD ANUNIRIMRLTAAINND 2.4 GHz Y89an88 N AR
AD AUNINVDITRUUAAINND 5.2 GHz Ua9a181NARIN 2
A9 ANUNINBILBNTAAINND 5.2 GHz ¥998188 1N AFIN 3

A9 ANUNINRMRNTAAINUND 2.4 GHz U83anga1NAGN 4
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U1 Ao sveranmevestealalunuinnudmesdeslianinud 2.4 GHz vos
awornAfai 1 fudealelunuinnudmestoulanud 5.2 GHz
YOIALOINAFIT 2

C1 Ao szeriesyminelieveudaaud 5.2 GHz vesawenniafail 2 lu

WUINUUBUNUYBUYRsaeddlulAsanSU

a ! a s & v v | a A ¢
M99 3.3 ﬂ'W‘l']i']llLﬁ@iL‘U@Q(ﬂusﬂaﬂaqﬂaqﬂqﬂﬂ\l"lLL‘U‘UsﬁaﬂLTJ@@;I@JQ']ﬂVliJIWﬁ"I‘li‘?TLL‘UU'NﬂaNaEN

GIUAIIUD

aeINARLUUtRIUayuR N AT nalsduuUMNaNaRIgUAND
#irnudl 2.45 GHz uag 5.25 GHz

WSR3 U9 (mm.) WSR3 u1A (mm.)
H1 100 B3 11.6
W1 100 S3 2.2
B1 29.2 A3 11.6
S1 3.3 A2 11.6
B2 11.6 A4 29.2
sS4 %) Al 29.2
W 9 (@ 25.8
U1 21.7 S2 2.2

3.5 MSANBINITITLADIANIY UASNANITINABIAIEBINIARLUUYRATAYNRINTIT

Twanlsduuurenanaasgiuaanud

Tudnilandunisiiauenaiwesiddy uaskanisassesmeoniaiends
yuandmdueetneuinasunenuilians Tngmadsuulasmaimesvesaseiniea
Tngvhnsfiuuaranruinremiive uasdunamaUdsunlase dudssdvinisasrioundy

famolUll
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3.5.1 MsAnwmndweiatgeiniaiwuutendayuainndlnailsdwuuninayaes

1 dl
gIUAITUR

IS, 1 (dB)

=30 - o - - Bl =24.5 mm
J —8— Bl =255 mm
& Bl =265mm

i
Lo
=

; = ; ; ; ;
2 3 4 5 6
Frequency (GHz)

JUT 3.20 Msgayideiilosannnisdounduillalfsuniamniiines Bl

NNIsANEIAINIII TR 03R4 Aifinaduaigennia AU ULAR LYY
Amsfined Bl AeArarmen vesdesdlayuainuuialug aIn3ufl 3.20 uansnisgayde
dleaannisfioundu (Return Loss) Aananudislawuud Wevhnisiuasuudaminiines B1
Hu 245 mm wiuldhilegapdedounduogfinnusyann -10 dB Tugwmnud 2.45 GHz T
toaiululdanansathluvhiunuasldsaihnmsusuamsimes 81 1y 255 mm way 26.5
mm. Auaeu aziulannsuTunisiwes Bl In5enueg1eauInfenshungouLAUTYad
avenrlasfinnnudislonyudasivasuutaslasiinnuiisleuuudazidouainauigly
ALAR1AS BT auniulugiuniiud 2,45 GHz wardnsenufunsasundasuuusing

(Impedance Bandwidth) vasa1aa1nedneae
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)
-
o

304 -® B2=9mm

=35 - _._ B2 =10 mm ¥

M- B2=11 mm
-40 T T T T ' T ;
2 3 4 3 6

Frequency (GHz)

sUN 3.21 nsaaydeiilesainnisdeunduidaldeuniaminiines B2

'
a

91n3UN 3.21 Uanen1saaidetiiesannn1sgeundu (Return Loss) AoAI1udiLs

a a

Tonuud Wevinisuasuwdasmisniwes B2 10y 9 mm waz 10 mm auaisiuazuiiulainden

N\
| =2 A

N v Y ' al 74 a o 1% a o I~ sa ¢
gydedoundu agiAnma -35 dB UAEIUAMUDLUROUNINIAIUANUDAT kasdluuainn 7
o a 1 1 Aa v ~ v 1o a = (% a 4 < 1
NNAAUNIIEIUANDNFDINS ielvldAmINzau Adndsusunisdiweas B21Wu 11 mm a1
gdedeunduionnia -10 dB lugupudidesnis sgwmulddinisusunisdives B2
NIZNUDE WUINADNITUUAGTIDUNLAUTVDIAIBDINIALABTIAILAL T ULT 9z UAsULUALL e 3
dnteslaefiaudislywuudagidouainanudailuaudanie B2 1nTu uwasdnssnuiuns
WasuwlaawuunIny (Impedance Bandwidth) 184a1891n1ABNA2Y AU B2 Nungauunil

A1ANENIITU 11 mm tHesnAnsgedeLdesainnsdeunduaglugiuniudindenis

3.5.2 HaN1391809a1881nN1AR L vUTeulayuainidlnanlsduuuinanansgiu
AR
WevhnsTiassuulas@ivesaiseniai kU uYesUayuainiiilnailsd

| a v Yo a 5 Y = o a
LUUINNANADIYIUAINUD @'JEJI‘U?LLﬂilI CST "UuVL@ﬁ']‘W']ﬁr]lILG]EﬁV]LVilmgallLLa'J WWNINITFIAINE

AuaN TR 9 vesEIgeINTA WU ANITgEsgaundU (S11) ,BnTdiunukuILAY (Axial
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Ratio), A1MMWILUUNTELE (Current density) R519818YB%801NA (Gain) WagwuuFUNSUE

W& (Radiation pattern) ailswazidunninaludl

-10 +

-15 +

-20 +

S, (dB)

-25 4

-30 4

-35 +

-40 t t t + t t t
2 2.5 3 3.5 4 4.5 5 5.5 6

. Frequency / GHz .

JUN 3.22 Msgayideiliasninnsdeunduaeeiniarikuutelayuainidilnan lsduuuinay

A0981UAINUD

91n3UT 3.22 uanenIsgadeiiosnInnsdoundunulafasuageMAR LYY
Faalayuanidlnailsduvuranaudodgiuainud duansliiiuin anudslauuudin 2.45
GHz A nsgidedounaunngnussann -28 dB wagllhuuainm 0.204 GHz AUALS

lguuud 5.25 GHz lvrgadedounduananuseaa -33 dB duuuding 0.716 GHz

Axial Ratio [dB]

2 205 21 215 22 225 23 235 24 245 25 255 26
Frequency / GHz

(n) BNFIFIUANULUILNUNAINUD 2.45 GHZ
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Axial Ratio [dB]

5 5.05 5.1 5.15 5.2 5.25 5.3 5.35 5.4 5.45 5.5
Frequency / GHz

(V) DRATIAIUAULUILNUNAUD 5.25 GHz

gﬂﬁ 3.23 (n) $R5IEUALLUILAUTIANE 2.45 GHz

(V) DNFIEIUAULUILAUNAIIND 5.25 GHZ

MTIAIUALUILAY (Axial Ratio) lUUTRTIE@IUTENINUAUNENLALLAUTDIVD S
sUsuuananIalnalsduuunay Arlugauafvesenstdiunuiuiwnudmivaualnailsd
LUUMNANAD 0 dB §astdiuniutunnuiitunliuanaseinduamaneaonia sy
RTNFEIUANULUILAUEI RS ULEIDINA DRTIFIUAULUMLAULDENTN 3 dB kanINg@18e1nAdl
Tnalsguuuaenay mﬂgﬂﬁ 3.23 BARIERIIEIWNIURUILAY (Axial Ratio) Fauansliifiuinly
Audslowuugi 2.5 GHz fensdmnuuuIunutiesnit 3 dB fiRe 2.21 GHz 89 2.521 GHz

AuASlauuLTT 5.25 GHz fensdiuauwLnutiosnin 3 dB 7ivae 5.072 GHz 54 5.25 GHz
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) ] R
L -
H 1 H & ! ‘1\‘
4 1- __fl‘\i__ ' 1 ! 4 _FL’___ I T )
[ H 1 H / '
! [y o H H H ; :
R : : / !
2 | SR R 4 L s L 4
! ~ H H v H
— Il [ : H " H
E‘ i -“ i " ". '
i ' H :
2017 4 B H - m e b -
= I I H H ;o H
‘a i [T ' H P '
&} H HER H H 4 H
i i ' ; i
-2 % e SRLLE e M -
Y ' " 1 .
Ay ' " ¢ '
N i i
o v
-4 1 --y-d- oot
L9 HF
., 3 i
i H
:‘\ H
6 1 R, S :
H S
-8 . : i i . i :
2 2.5 3 3.5 4 4.5 5 5.5 6

Frequency / GHz

UM 3.24 AdnsnsvengvesasaIMAR Ut eRUayuanlinalsduuuiinataede

A
AU

91n3UN 3.24 ANdRTIvEEvRsEaIERINAR L UUYRsUAyua il nanlsduuy

NANABIENUANUE TIANLE 2.45 GHz Wihdu 4.4 dBi warALE 5.25 GHz Wit 6.3 dBi

o Z- Flane (2.4GHz)|
01 : C—E-phi
——E:-theta
-104
=204 300 /"
."‘f
-30-] Ir.
| 1
-40- 270 | [Tz 1 yen
1| : % |
304\
4
-20-] 240 120
-104
ol S —

(n) S2UIU XZ
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-10-

=30
=20

-104

0 ¥2 - Plane (2 4GHz)
- = JEph

() 53U YZ

3UN 3.25 wuugunisunnszateafuauusseslnaresau e nanaud 2.4 GHz

Type
Approximation
Component
Output
Frequency
Rad. effic.

Tot. effic.
rlzd.Gain

farfield (f=2.45) [1]

Farfield

enabled (kR >> 1)
Abs

Realized Gain
245 GHz

-0.9962 dB

-1.013 dB
4.451d8B

3UN 3.26 LUUTUNITUNNIELATULUY 3 TR Y09EeeIN1ANANE 2.4 GHz

91n5U7 3.25 (1) 3.25 (V) Ay 3.26 LaRWUUIUNISULNNTEINEARULUY 2 §if

WAZKUU 3 16 argenAdkuuteUayuanidlnanlsduuunataesgiunnud naiud 2.4

GHz visluszuvesdya (Azimuth) waglussuuieiandu (Elevation) muadu lnelidnway

MIUHNTEEARUTULUUADITIANNS (Bi Directional) YN3zUNU XZ Wagszulu YZ
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404 270

=304

=204

=10

-10-

=204

=30

-40-

-304

=20+

=104

270

o X2 - Plane (5.2GHz)
e == JE-phi
3301‘4 ‘*H\EO ——E-heta
o \

o} VZ - Plane (5.2GHz
— E-phi
S ——

p4 _‘__.._';;-_.‘__‘\-30 ——E-thata

300

() s¥UU YZ

JUN 3.27 uuusunisudnszaneaduaunsreglnave e 0InAnANg 5.2 GHz
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OO

farfield (f=5.25) [1]

Type Farfield b’
Approximation  enabled (kR >> 1)

Component Abs x

Output Realized Gain 2
Frequency 5.25 GHz

Rad. effic. -0.7869 dB

Tot. effic. -0.8353 dB

rlzd.Gain 6352 dB

3UM 3.28 wuusUNISURNTELATULUY 3 HiR Y09e88IN1ANAINE 5.2 GHz

91n3UN 3.27 (n) 3.27 (V) Uag 3.28 LAALUUTUNISWRNTZIEARURUY 2 HIR
wazwuu 3 I areenadiuuutealayuainiilnalsduuuinanassguaudnaud 5.2
GHz Nslusguvezdya (Azimuth) uazlussuiueialady (Elevation) auawiu Inefianuyue

ASHENITANEAAUTULUUERTIANIS (Bi Directional) MI5eUNU XZ karssuIuYZ

surface current (f=2.45) [1] x J

Frequency 245 GHz
Phase 120
Maximum 0dB

3UN 3.29 nan1sdnaesiianienisivavesnseuanninug 2.45 GHz
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INFUN 3.29 aziuldinfienienisluavesnssuaiiaiud 2.4 GHz nslvaves
N3ELAILRYNUSIAUYDIINTENINTTUIUNTNIATUAIDET UATYDIINNTENTNTENTNATNIANY
41891N1AY8IEIL NN AAN NS InavensEuaiinisivanwsyadeudymyiauluauds

dUUNYRIANYRIMANSUHNE U ERneg7 152 dB

surface current (f=5.25) [1] x J

Frequency 5.25 GHz
Phase 120
Maximum 0dB

3U# 3.30 NANNS91aDINANINNISIAAURINTEWATIAIND 5.25 GHZ

91n3UT 3.30 aniiulddnfanienisinaveanssuananud 5.2 GHz nislwaves
N3TUAILRYNUTIIUYDIINTENINNTLUIUNTIIA N VAU WAEIDITNTENTNIENINNTNIANY
a1881N1AYe AL INIAIINTIANNNIsInavesnseuaiinisinadsayn Joudymialdauds

AIUVUYBIENERINMANISUNNANUEERBLN 148 dB

3.6 @3UNUN1TRBNLUY

Tuunilfndndanmsuuuiesiiemgfaseniadmealaguand miuaieteuiinn
$1amenuUlians ehniseenuuuaIeeIn1aiinnud 2.6 GHz ifn1surnszateaduduluy
d0sfirins (B direction) wazfinnud 5.2 GHz Sn1surnszateadufunuuassfianiuguiu
Tnouaiiudnsziesliuiainnise 1aesdasadiwesdiveinia desruialasldaunis
9ONLUULATTENLIS CST Studio suite @1miulassadrwesaiseniel daudoudaliie

navaUBdaRttIuAud Ineagenirazgnesnwuulilliveatlailinnugiuindmiuauden
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uazaetrallndanugidud miun1snevaueInNRgs T1INNITIATIETEIERINAYINIA
wiugesdayuaintuaziiniuevestosdayuannivanz dmsuaudldeu
1ntuTwihnIseenwuuaIgeINIAd L uUYeslayuaIn il lwanlsduuuinatastgu
AU WiaLiNUTEANSAINNITTUdsaEaINIA Tneliid I1uIuYeslayuaIn ANUUYIN1g
T18998TUsUNTU CST HlATA3 19U IARITUN 3.18 YoaTnluaINLAFEIUINTRISY
1 r.:l":l' 1 [} v £ %4 1 a o v ‘:l'd
gruaudnLanaeiu nsaieaigeinialasldsuwuuteslayuainvililaageiniand
Inanlsdwuuienay IneaNnn1s31aedAITnIdIUA N wUILNW(Axial Ratio) aenin 3dB 71 2.45
GHz wag 5.25 GHz Tagaunsauanlainaieoiniailnanlsdhuuianauniandgnuanud J9a1e
= ¥ 1 U 2 = v
91MANVUIAANUNINMAZAIILEIWNNU 100 x 100 mm? LazdvuInAIUNITNLAEANUED
Tudaudu 9 49919299 3.3 APUAUDIRNREIUAIND 1 2.21 -2.51 GHz tag 5.07 - 5.25 GHz fA1
M1 4.4 dBi 91 2.45 GHz way 6.3 dBi 71 5.25 GHz
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uni 4

N1INAEIULATHANTIINAA D

4.1 uni

TuuniagndndansTanaaeuandnumedng vesansennaildihnisasndun
AMTUNMINAFRULALIATIEVAMAN YUYV BIEEDINAR YDA UALNRINd M URTOU 8 UL
Sumeuuulians uazaeemaiuuutendamainiifinalsfuuuanauaess e ua il
Fnsaseiu asfinsvadeulssansamete 9 vesdee1n AaNINAFRUIAAIAINA LY
ilesannsdoundu Snsdnnssiunduils Snmmsveousrdufinaudsamianismaaoutn
wuugUnnsusinsEaneRduvesatsemalagldiadesiinsnzilasetng (Network Analyzer) §u

Agilent E8363B oﬁ’ﬂﬁLLamﬂugU 4.1, 4.2 uag 4.3 auaeU

gﬂﬁ 4.1 el TRlaseng (Network Analyzer) 3u Agilent E8363B

4.2 mswﬂaauLLazwam'ﬁnﬂaawaamammﬂﬁmuuﬁmLTlﬂqmaﬂnﬁﬂw%'u

LAS9UN8USLAIUT19N8UU S e

[

Funaagemaduuutesatayuaindmsuasetngusinsumenuulang q

=

UM 4.2 FansianeasuanautfivesatsainiesdudesddinIasdlialunisnaasufidifyfe

Y 9 o

LASDIILATITILATIUE TUNNSNAABUMNAIEUUSEANTNSALTIDUNGU DRNSIEIULTIAUAAUTY NS

’ajﬂﬂﬂﬁ@‘ULL‘U‘UE‘Uﬂ’ﬁLL&iﬂi%%?ﬂﬂaueﬂ@ﬂﬁ’]EJ@’]ﬂ’]ﬂLLaSﬁl’WéjﬁSW?JEJ']EJGUENE"{’]EJ@’]ﬂ’]ﬂ Tngangene



duuutestinyuaind miunsevieusiusumewuuliany duwiawiidu 100 x 100 mm gn

asuuiangusosiiludnlndleawas (Polyester)

Network Analyzer 5u Agilent E8363B

W —

= MR—2

UM 4.3 myianaaeuenduyseansnisariounduvedangeinie
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D> BB P>

AT A TR S B B B
) - — PP DD B
) :ﬂ \\,‘;‘;51 e
Vi SRR |

PEFEE B bt -
il s\\\\&\‘\\;
e

e e

ERNNNNNP

PR

UM 4.4 MIIANAABULUUTUNITUNNATTUYBE80INA

v

“2 B T o TR

4.2.1 wansiavegeuatnsasdudeundu (S,

nMyinnAgeuvesEg AR UUTB L UALIRNdMTULATEU B UTINTIANY

wuulSanglanainmisinannisasydedeundu (S,,) Tugun 4.5

S
o
1

N
o
1

Return Loss (dB)

]

w

o
1

-40 : ; : : : ; ; " '
15 2.0 25 3.0 35 4.0
Frequency (GHz)
(n) AAUUSTENSNSELTIBUNAUNAINND 2.4 GHZ
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s
o
I

-20

Return Loss (dB)

-30

-40 " T 2 T ¥ T ¥ T 5 T :
4.0 45 5.0 55 6.0 6.5 7.0
Frequency (GHz)

(1) AdUUSEANTNNSALYBUNGUNAINUD 5.2 GHZ

UM 4.5 AduUseavomsagvieunau (S;,) Y09a81NA

N3UN 4.5 wansduuszaninisagyioundu (S11) vesageInAr LUy
FoalayuaindmiuimTarisusiansiniseuuliany lnevinn1sviasinisviauiigasnanud

LUUAIANTAAINUA 2.4 GHZ 1YINAU 187.6 MHZ Wag WUUAIANTNAIIND 5.2 GHz windu 421.9
MHz

2.4 GHz wa¥ 5.2 GHz 91nuan1sInA1duUsEansnisagnounau (S11) N4A1M1n31 -10 dB &
52
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File View Channel Sweep Calibration Trace Scale Marker System Window Help
Marker: 1 of 3 Marker 2 [[5:2000000000GHz [}  Marker 1 Maker2 | Maker3 | off |

Cont. CH1: SM CA1-Port LCL

3UN 4.6 nanvinA1veBuiuaudalgo N AL ULUYBUUaLa1Nd S UATRIIBUSIIMT MY

wuulsane

i v & o a a ¢ 1% \ a
"\]']ﬂE‘U‘V] 4.6 LLa@ﬁIWLﬁu@ﬁNaﬂqijﬂﬂqﬂ@Q@ZLIWLL@U‘*IJﬂ’]EI@']ﬂ']ﬂN']LLUUSU@QL‘U@

o LY A 1 a | v a1 a a 4 a (3 1
lqlll@']ﬂﬁ'ﬁ/iiULﬂﬁaslﬂEJUiL'JmTNﬂ’]EJLLUUbLia']EJ um’auwmu%gmmm 50 I@iﬁll“ll@ﬂﬂi'W\lLﬂu

! = = fa a o ¢ . Aa
AN FIWARIDINAVDINTUURTVIDUNUALS (Impedance Matching) A

4.2.2 HANTINSNTIAIUUTITUATUTY
nsianAgauaIs aINIAR LU UYL LRI NE M TULATEUIBUTHIUT WAL UY

15anelananisInA19nIIE@IULSIPUATUTY (VSWR) Tagvinnnsinnanvdannudsaws 1 GHZ D9

'
o

7 GHz 91NRaMTInA1ERTI@IULSITUATUIEY (VSWR) AA1AINIT 2 uansdsgun 4.7
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Cont. CH1: SN’ CA1-Port LCL

UM 4.7 Adnsdiunseiuaiuil (VSWR) veseeeiniaannsinase

4.3 nswSeuiiunanissnassdan1ismsinnuiunantsIaeseinaudszananig
dzvioundu (S11)

S evhnsuINan139188980198 01 5WI UV a8 a1 nAa 2elUswnsy CST
Microwave Studio ¥ 1bU3s UL UAUNANITINATIVELE18DINAR LUV TAYuRINdIUTY

WASBYBUSHIUS 1N UULSEY aga1unsaidSeuiisuaA1duUsyansnisasviounay (S11) A9

wandluguil 4.8
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04
10 5
=
n
n
o
-
€ -20
=
3]
o
-30 1
—A— Meésured
—e— Simulated
-40 : : : : : i
2 3 4 5
Frequency (GHz)

3UN 4.8 namsiUSeuliigunduysydnsnisagvioundu (S11)

mﬂgﬂﬁ 4.8 uanswansiUTeuliivuadissansmsagiioundu (S11) seminanants
T1909FNNIENTINNUYBIENERINIATUNANITINGT Tngnan1sIanAaeUITIvesEyINAlAY
HuszAvEmsazvioundy (S11) sndn -10 dB YA wid 2.4 GHz uag 5.2 GHz Suuuding
Winflu 124.2 MHz Wag 612.3 MHz #3619y

4.4 ﬂ"lﬁ'gjﬂﬂﬂﬁ'é]ULLUUE‘Uﬂ'lil,l,ﬂ\iﬂigﬁ]qﬂﬂguﬂlaﬂﬁ']ﬂﬂqﬂ']ﬂ

TN FIARUUTUNMSURNA U YDI18INARRUUT R TR URINEMSULAT 0
Uinasameuuuliane Hiededeneilasetng (Network Analyzer) fu Agilent E83638 Tu
myTanasziinsdeusanesadl 1 Mnesedinrzilasiedniuaiseiniafiagyhnsiana

wazausaneInil 2 YaunIadliaTelasgiuage N IAsUUINLAS (Hom Antenna) fia
JUN 4.9
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Network Analyzer 3u Agilent E8363B

JUT 4.9 msianaaeuluugunIsuR ANt ga AL UL L nyuandmiuLATeY e

Udhassnmeuuulsany

KZ - Plane (2.4GHz)

—— E-theta

= = E-phi

2710

(n) seUIU XZ
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Y; - Plane (2.4GHz)
|=—— E-theta
30 |- = E-phi

- .- . o= "

(%) 3¥UIU YZ
5UN 4.10 nan1sinasauugunisudnssaenduaunsseglnavesanso1nainug 2.4 GHz
N3UN 4.10 HANTIANAFBUANIITNITNNNUITIVRIAEDINATIAIUG 2.4 GHZ
wuusUn1suEnszngadulusEuau XZ wandlugui 4.10 (n) wazkuusunisuinszatgaiuly

52UV YZ uaneluguil 4.10 (1) Idnuaizuuuiun1suingza1gaa uAfIgLuuaRefiAN I (Bi

directional)
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0 XZ - Plane (5.2GHz)
= = ]E-phi
—— E-theta

270

240 E 120

YZ - Plane (5.2GHz)
—— E-theta
- — E-phi

270

120

() 53U YZ

JUM 4.11 man1sinasauugunisuinssaeaduauiusseglnavesango1naiiniug 5.2 GHz

1N5UN 4.11 HanN15IANAEUAN1IEATYN9IURTIeE18DINATIAND 2.4 GHz

wuusUn1suEnszatgaiuluseuiu XZ wandlugui 4.11 (n) kazuuugunisusnszatgaiuly

104



SYUIU YZ LLaﬂﬂugﬂﬁ 4.11 () ﬁé’ﬂwmmwugﬂmiLLﬁJﬂizmaﬂﬁuﬂé”mLlfuuaaaﬁﬂma (Bi

directional)

4.5 N1INAFIULASNANITNAADIVRIAIEINARWUUYB I ayuaIn N T lwanlsd

LUUNNANEDITUAIN
aneonaRwuuteslayuaInfiilnailsduuuinauansguaud duuinwindu

100 x 100 1y gnasuuiangusesiiludindioawas (Polyester) Aandlugui 4.12

Al \mi7 7 /A o S/ 4 =

UM 4.13 MmyTanegeuaduuseansmsagyisunduresageinie
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4.4.1 iansianageuAINSaadsdaundu ()
nsinnaaeualgeInIAdwuutsRlayuanAifilnalsduuuinanastgu

Anud Tnglakaainnsinainsagydedoundu (Sy,) Tugui 4.14

-15 4

-20 4

S, (dB)

-25 4

-30 +

-35 4

R OB 10 HOP. By | 4R SOP 4 DA |19 A0 WIS ||| D FOSS S

-40

vz t t t

2 2.5 3 3.5 4 4.5 5 5.5 6
Frequency / GHz

JUN 4.14 AdudszEvsmsasnaunau (S,,) Yesaeeinia
wansendUsEavaNIsaEiaunay (S11) vesmeaInARuuuYaulayuaiIng

ATnanlsBwuU19NaNa@aI8 I uAIIUD 1A8YINNI11a89NISVIIUNRYI9AINUD 2.4 GHZz way 5.2

al

GHz anNamsInAduUseansnisasiaunay (S11) N8A1MINT1 -10 dB JhUuAIANNAI 1Y

2.4 GHz WU 187.6 MHZ uag wuusiaviianad 5.2 GHz Wiy 421.9 MHz

4.6 MmaFeuifisunanissiaassnaznisinauiurantsinganduussaninas
Azvioundu (S11)

iorwanisdiassan1IznsILIesaIaInNAs8TUsUATN CST Microwave
Studio MUSBUTiBURUNAN T InTSwwesEEeIN AUt s TnmaIn MTiwanlsduuulanay

a0eg1uAND rannsaSsumsuaAduUsEAvENsAEounau (S11) danandlugun 4.15
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S,, (dB)

254
-30 ]
-3549 .= Simulated result
—&— Measured result
-40 T T

T T T T T
2.0 25 3.0 35 4.0 4.5 5.0 5.5 6.0
Frequency (GHz)

UM 4.15 wansidSeuiiguAndudseavomsagvioundu (S;,) argenArkuuYeslnyaRin

P s | A
Vllﬂ‘wmVL‘Jf’?JLLUUNﬂamammumma

U7 4.15 uanswan nTeuiisuaduuszans nisazioundu (S11) sewinana
NN91899ENMEN TN NIUYBIANYDIAIARUNANITIAITE INUNANITIANAAOUITIVDIEIY81NF
fiAnduuszans nsazdiaundu (511) #1n9 -10 dB Ais1nd1 -10 dB Tuaeaanud 2.45 GHz
Haust 2.30-2.50 GHz 9292108 5.25 GHz faust 4.88-5.59 GHz 39nn53ARAREWUI dneo1med
fmssenuuuiaradstiuty emsgaudodoundy (511) fisndi -10 dB Tutasaawid 245
GHz fausl 2.4-2.57 GHz 9239A9103 5.25 GHz §aus 4.85-5.65 GHz i123A910E 2.4 GHz wae

5.2 GHz ThuuaIMavIAy 170 MHz kag 800 MHz Anuaisau

4.7 ﬂqi"i’ﬂﬂﬂﬁaULLUUEUﬂW‘JLLB\iﬂigﬁn‘c’Jﬂgu‘l]'é]\‘lﬁ'lﬂﬂ']ﬂ']ﬂ
Tunsiauuugunisusindanuvesagenaduuuteadayuainiiilnanlsduuy

WnaNapsguANd IHaTediaTeilasainy (Network Analyzer) $u Agilent fagui 4.16
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Network Analyzer 5u Agilent E8363B
5UN 4.16 M3IavadoULUUFUNSUHNG N UYRIEERINA

0 XZ-Plane (2.45GHz)

04 —=— E-theta
< E-phi
10
- 300/ 60
-30 | / \
\
40270 L «‘ 90
L‘ /
-30 \ f‘
\ /
204 240 120
10 }
0 s S
180
(n) sgUIU XZ
(1] YZ-Plane (2.45GHz)
0- —=— E-theta
st /A
-10 4 $ s
20] W01 !
430 &
404270 { i %
30
209 L4 0 TN LA T
.10 .
0_

(@) sgUU YZ

JUN 4.17 nan1sinasauugunisuinssaeaduauiusseglnavesango1naiiniug 2.45 GHz
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0 XZ-Plane (5.25GHz)
—=— E-theta
4 E-phi

-30 4 /
[
v40-270|~ e
1
\

2304 \i

2 240\\

0 YZ-Plane (5.25GHz)
04 B0 T T 3} —a— E-theta

¥ y ---4-- E-phi
4 .
R 60

_150
(%) sgUU YZ

UM 4.18 nan1sinasauuugunmisuinssaeaduauiussezlnavesaigo1naiiniug 5.25 GHz

1N5UN 4.17 wanadINITUNsNIEALARUYBIEIINIAR L UUY B UAYNR NN E
InalstuuInaNaegIuAINd AYeAuD 2.45 GHz wartanuail 5.25 GHz waneds
JUN 4.18 Tusyunu E-Plane (XZ-Plane) uag H-Plane (YZ-Plane) tnglugasnanudin 2.45 GHz

wag 5.25 GHz ey MmaluuusunsuingsukuUaesitane (Bi directional)
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uni 5

uneagy

Ineninusatiuildinausnisesnuuilasaiswesmeonmaiuuudendayuain
dmsuinIedneusausnekuuliae 91aeranielusunsy CST Microwave Studio lag
aauarTanadeuanmensIuTesENgnINIATRNA N AL UUToRTaLLRn Tnedlenn
Tuundasifunsaguamaudisieg Aldannseenuuuaiauuuiiauarainnss oy

ageInAaINNsasessuTTUUNSaedsliany Wireless Body Area Network (WBAN)

o/
5.1 d3Unan1sIve
WeinusiliunauensfinyiwazeeniuualgemeaRiwuuYesUayuaindmiy

WPIUEUSIUTINMeLUUlSane NnauausIRudlduEy 2.4 GHz way 5.2 GHz @1891n1d

[
a v A a

minseeniuulumiideililasiasie 2 suuuu legldvalinagenmawuuteladiaiuise
panuwuulitivaRAaliALDNDaSEABNY @18INMARINITOAIUUA INANL ST AL UUT LAY LAY
Inanlstuuuianay aeeINIAQNeBNLUULaYa N ULTANILTOMUURIINGaENes AN

v o

winfu 0.898 1. FrasialaBidnasn (&) Wity 1.3 M¥ansih Shieldit Super AifiAmmun
WU 0.17 iy, asenaguiuuing sl qaudnuazassinailsdidassguninud Tasidy
Tnanlsdidadunuuides 45° Agruanudusnuagauiiaendulnarsduuuasnanlagan
Sanduunuiesnin 3 dB fguanud 5.1 - 5.7 GHz InmmeaeuAuaNTRvesaIse1nA
sunuuiindsanduuszansnisazvioundu (S11) SAenndn -10 dB A9sAuA 2.4 GHz uas
5.2 GHz fikuudInawindy 124.2 MHz Wag 612.3 MHz 4IHan133198980 17801591914 4
Wsuifisufunanisiavaaeuaeniaieiiaiududeiniosin e ilasdenugud 5.1
LaEANTIT 5.1 wanansiUsuifisunanevaussvasase M AU UUvisanseinAdLuy

FoalayuaindmiunserieusinsmenuulFanengiuaud 2.4 GHz wag 5.2GHz



—~_10 4

Return Loss (dB
8
1

&
S
!

—a&— Measured
—e— Simulated

_40 v T ¥ T ¥ T
2 3 4 5
Frequency (GHz)
3UN 5.1 wanmsiUSeuiiguAndisydnsnisayieunau (S11) angeniail 1

M15197 5.1 NaRBUAUBIUBIALDINIANILUUYBATAYLRINAMTUATEYIUTINT NG

wuuliane
§ HA2INNI5188 KA TATULAS
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NETS-LINDGREN

Technologies Company

FEATURES:
m Ultra Broadband: 1 GHz - 18 GHz

® Maintains Single Lobe Radiation
Pattern Over Frequency

m 300 W Power Input Capacity
m Optimized High Frequency Gain
H Low VSWR

® Flexible Mounting Systems

The Model 3117 Double Ridged
Waveguide is a the latest addition
to a family of double ridge
waveguides for microwave and
EMC measurement from
ETS-Lindgren. This model
corrects the lower gain at the
upper end of the frequency

range. commonly found in ridged
waveguide antennas. Users of
this antenna benefit from uniform
illumination of target surfaces and
accurate gain measurement. In
addition, the Model 3117 exhibits
high gain and low VSWR across
its operational frequency band.
accepting moderate power input of
300 watts.

3-D Patterns
Available at

www.ets-lindgren.com/3117

EMC Anlem_ms
Double-Ridg
Waveguide

eol
Horn

Model 3117

ETS-Lindgren’s Model 3117 Double-Ridged Waveguide Horn
PATENT # 6,995,728

The electrical characteristics of this
antenna were designed and modeled
using powerful workstations
running electromagnetic simulation
software. Equally important.
experienced RF engineers worked
with our manufacturing team to
produce a practical and affordable
realization of the modeling

process. All production units are
individually calibrated at our A2LA
accredited lab.

FEATURES

Single Lobe Radiation Pattern

The Model 3117 maintains a single
main lobe pattern in the direction
of the horn axis over its frequency

range. This characteristic is
essential for even distribution of
electromagnetic energy on a target
surface, and accurate measurement
of gain and vector information.
The Model 3117’ unique design
suppresses the propagation of
high order modes. The result is

an antenna with a well-defined
single lobe radiation pattern that
outperforms other antennas in its
class.

Ultra Broadband

The Model 3117 sweeps from

1 GHz to 18 GHz without stopping
for band breaks, making it ideal
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SNETS-LINDGREN

An ESCO Technologles

for automated testing. It has the
widest usable frequency range of
any antenna in its class. with no
performance degradation from high
order modes.

Power Input

The Model 3117 uses a Type N
connector and aceepts up to

300 watts of continuing input
power with up to 400 watts of peak
power. The antenna’s high gain
and low VSWR over its operating
frequency translates into efficient
amplifier use and high ficld
strengths.

Electrical Specifications

EMC Antennas

Double-Ridged
Waveguide Horn

Uniform Gain, Low VSWR

The Model 3117 has a more
uniform gain and antenna factor
because of the better behavior of
its radiation pattern. Since the
pattern is stable over frequency.
the gain and the AF also remain
stable. Similar antennas of this
class exhibit large variations of the
gain and the AF as the frequency
increases.

Flexible Mounting System

The Model 3117 antenna includes
both an EMCO classic mount and a
rear “stinger”” mount.

Model 3117

STANDARD CONFIGURATION
B Antenna Assembly

B MNounting bracket drilled to
accept ETS-Lindgren or
other tripod mounts with 1/4 in

x 20 threads
B Rear “stinger” Mount

B Individually calibrated at 1 m
per SAE ARP 958 at our
A2LA accredited lab. 3 m
calibration per ANSI C63.5
available at additional cost.
Actual antenna factors and a
signed Certificate of Calibration
Conformance included with
manual.

OPTIONS
B Antenna Mast

B Antenna Tripod

MODEL FREQUENCY VEWR MAXIMUM PEAX IMPEDANCE CONNECTORS
RANGE RATIO CONTINUQUS POWER (NOMINAL)
(AVG) POWER
g 1GHz - 18 GHz 351 max 00W 400w 00 Type N
<2:1above 15 GHz
Physical Specifications
MODEL WIDTH DEPTH HEIGHT WEIGHT
3117 175 em 175 em + 155 em mount 155¢em 113 kg
69 in 69 in + 81 inmount B1in 25 b
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EMC Antennas

SNETS-LINDGREN Double-Ridged
Waveguide ﬂgm

Model 3117 (1 GHz - 4 GHz)
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NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (9 GHz - 12 GHz)
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Data Sheet ‘&,‘ HUBEI!+SIIHNEI!

Coaxial Panel Connector
23_SMA-50-0-12/111_N

Description

Straight panel receptacle jack, flange mount

Interface standards
IEC 60169-15_MIL-STD-348A/310_CECC 22110

Technical Data

Related Documents

Electrical Data
Impedance 500
Interface frequency max. 18 GHz
Mechanical Data
Number of matings 500
Weight 0.0021 kg
Environmental Data
Operating temperature -65°Clo 125°C
2011/85/EU (RoHS) compliant
Material Data
7&&9&" m—'*‘ \ N Surface Plating
Centre conlact Copper Betylium Alloy Gold Plating (Nickel underplaled)
Outer contact Copper Berylium Alloy Gold Plating (Nickel underplaled)
Body Onppct Mlh.ln Alloy Gold Plating (Nickel underplated)
Insulator I’F\Aj PTFE

Catalogue drawing

Ordering Information

DCA-00010325

Single package

HUBER+SUHNER is certified according to 1ISO 8001, ISO 14001, ISOVTS 16949 and IRIS

23_SMA-50-0-12/111_NE

Viiiver: It is exchssively in

partcular pupose. The facts and g
Document: DOC-0000187659 K / PDO C/ date of publication: 12/5/2014 12:11:23 PM / uncontrolled copy

it we provid with

‘www hubers uhner.com

a3 © he technical specifcations andlor the fness for any
: only

rofully compied © e best of cur knowledge, but they are for general purp
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SHIELDIT" SUPER

“With Hot Wieit Adhesive Backing”

High quality flame retardant fabric
for radiofrequency and microwave
shielding.
polyester substrate (for superior

Rugged rip-stop

:‘ strength and handling), conductive

Nickel

and Copper plated (for

excellent shielding and low corrosion), then coated on one side
with a non-conductive hot melt adhesive (activates at 130°C =
266°F) so you can iron it on to cotton, wood, glass or paper, or
roll it into a tube and heat seal the seam! Maximum temperature
is 200°C (=392°F). One side surface resistivity <0.07 Ohm/sq.
Can also be cut and sewn like ordinary fabric.

This fabric offers an amazing
shielding performance: >60 dB
from 30 MHz to 3+ GHz. Will
also block virtually all ELF &
VLF  electric  fields  when
grounded. Great for shielding
extension cords and computer
cables. Connect strips of it to
make a sheet shield under vour

30

annnfl

Shieldit Super

LLL

100 300 915 1500 2450 3000

Frequency (MHz)

bed, or hang 1t on the waii. Vakes a great finer for drapes 00!
Line a vest or a hat to protect your vital organs from radiowaves
and electric fields. It doesn’t breathe well, and Nickel may
cause skin irritation, so plan to line it with cotton if you will be
using it against the skin. 230 g/m?, 0.17 mm thick. UL 94V-0
level flame retardant. RoHS Compliant. Remove paper backing
before heating! Gray, 14 inch wide.

Washing Instructions: Do not machine wash or dry clean. Dry
brush., wipe with damp cloth, or rinse in plain water. Hang dry.

Do not iron.

Available from:
LesseEMF.com
+1(518) 608-6479
www.lessemf.com
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Abstract— This paper is presenting a right-angle slot
fabric antenna for the Wireless Body Area Network
(WBAN) and dual-band. This technique uses different
slot sizes in different positions appropriately. The right-
angle slot fabric antenna consisting of a right-angle slot,
and two smaller right-angle slots are applied to produce
Circular Polarize (CP) resonance of high band. The
paper is presenting an analysis of right angle microstrip
slot antenna to attain dual-frequency, achieving slant
+45° linear polarization. The proposed right-angle slot
fabric antenna uses the 2.4 GHz and 5.2 GHz band as a
transmitting antenna of the wireless body area network.
The prototype of a simulated antenna is fabricated and
experimentally as well. The measured results were
shown to be reasonable for the simulated ones.
Moreover, the peak gains of the antenna is approximate
5.2 dBi at 2.4 GHz and 5.5 dBi at 5.2 GHz.

Keywords—Fabric Antenna, Right Angle Siot, Dual
Band Antenna

& INTRODUCTION

Recent fabric antennas in wireless body area
network band (WBAN) play a critical role in
healthcare. and the circularly polarized (CP) have
been attending for better performance receiving the
incident wave with any polarization. Therefore, the
antenna is attractive in many commercial applications.

The concept of a right-angle slot fabric antenna
has evolved from the microstrip slot antenna[l] [5].
As the demand for compact, lightweight, thin
appearance, and low-value configuration has
generated great interest in microstrip antennas. The
right-angle slots fabric antenna comprises two smaller
right-angle slots and a larger right-angle slot cut on

the surface ground plane. The paper has analyzed the
right angle microstrip slots antenna for archive all
frequency[2] [3]. Peculiarities of using textile
antennas on the human body[4]. The slots are
perpendicular to the strip good conductors of the
microstrip fed line. The right-angle slot radiated at 2.4
GHz, and two smaller right-angle slots are reversed
radiated the signal in the high-frequency range by
radiating in a circular polarization (CP).

A fed line slot antenna has good radiation
resistance and matching wireless area networks, the
principal main benefit of microstrip antennas
compared with a traditional microwave antenna are
fed lines and a matching network. The dual-frequency
microstrip antenna can be made is easy. the microstrip
slot antenna comprises two smaller right-angle slots
and a right-angle slot cut on the surface of the fabric
substrate. with the microstrip fed line in the center
such that the perpendicularly to the microstrip fed
line. A center-fed slot fabric antenna with matching
wireless and networks is a high radiation resistance
may be necessary to match the antenna to the
characteristics impedance of the fed line microstrip.
The resistance seen by the fed line microstrip can be
reduced possibly. It is off-center feeding.
Furthermore, good antenna gains and omnidirectional
pattern coverage over the operating band have been
observed.

The characteristics of right-angle slots fabric
antenna is proposing and analyze for example antenna
input impedance, return loss(S11) parameter of
VSWR, and far-field radiation patterns x-z plan, y-z
plane.

978-1-7281-9584-1/21/$31.00 ©2021 IEEE 531
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Figure 2. Simulated S-parameter (S11) of the right angle slot
fabric antenna.

II.  ANTENNA DESIGN

The right-angle slots fabric antenna is designed for
a dual band on the fabric substrate with a low profile
and a single substrate layer. The right-angle slot fabric
antenna with the short-ended configuration was
designed for an individual operation band to suppress
the interference frequency from the wireless body area
network band. The fabric antenna substrate has
(dielectric constant = 1.30577). with a thickness of
0.928 mun.

The configuration of the present right-angle slot
fabric antenna is fabricated on the optimized
parameter. The optimized parameters are as follows:
A1=33 mm, B1=33 mm, A2=7 mm, B2=7 mm, A3=7
mm, B3=7 mm, r1=11 mun, W=6 mm, S1=2 mun.
S2=5mm, S3=5mm, U1=20 mm, r2, 13=4 mm. The
right-angle slot has an excellent effect on the low band
frequency, and two smaller right-angle slots are a
crucial parameter of the higher frequency of the band.

Figure 2 shows return loss(S11) by simulated with
matching impedance frequency at 2.4 GIz and 5.2
GHz.

Figure 3. Designed right-angle slot fabric antenna.

Figure 4. The right angle slot fabric antenna was measured
inside a far-field anechoic chamber.

(b Measured
—e— Simuhated
-40 T T T
2 3 4 5
Frequency (GHz)
Figure 5. M d and simulated S-f (S11) of the
Right Angle slot Fabric antenna.

Moreover, the total input impedance (Z;) of the
antennas is sunmarized as

Zin = Zorp+ Zsion + Zston 1)
The transmission line theory, A input impedance
of the microstrip open stub feasible obtained by
Zyy + JZpc ta( B
Z.nub = Znu'
Zye t j2p tan(p,)

Where A, Zy and Z, are the length of the
microstrip line, the characteristic impedance of the

(2)

532

la Univ of Technology Th

by UniNet. D

131

loaded on August 02,2021 at 04:31:41 UTC from IEEE Xplore. Restrictions apply.



Authorized licensed use limited to: Rajamangala Univ of Technology Th buri p

2021 International Electrical Engineering Congress (EECON2021)

March 10-12, 2021, Pattaya, THAILAND
Microstrip fed line. and the open-ended microstrip fed
line input impedance

In addition. the impedance of the radiator slor at
the input of the transformer is

leaf ="?Zx (3)
The input impedance of the slot radiator (Z,) is

7 1 1

:TT,:(G,'!-jB,) (4)

Where. as given in [18]. Gs and Bs can be
approximately determined by

2P,
G, mt 5
¥ v (5)
B, =- .}»-.cot{ 532{1] (6)

Where P.. V,. K;. L. and Z, are the radiated
power from the slot. the voltage of the slot radiator.
the wavenumber, the sufficient length. and the
characteristic impedance of the slot. respectively. The
coupling between the microstrip line and the right
angle slots by an ideal transformer with a turn-ratio
n:1 is considered where Z,,; is the input impedance of
the microstrip open stub matching and the radiation
patterns.

The simulated return loss(S11) for dual-band is
shown in figure 2. As illustrated by the results, the
simulation results resonated at 2.4 GHz and 5.2 GHz
has the return loss of -36dB and -32dB. The length of
the microstrip line is about the waveguide wavelength
for the design frequency 2.4 GHz with 5.2 Glz for
the Wireless Body Area Network (WBAN).

I SIMULATED AND MEASURED
RESULTS

The prototype of the right-angle slot fabric antenna
is depicted in Figure 3. The ground on fabric substrate
of size (Wyx Lp) is 10 em1. x 10 cm.

The far-field radiation patterns of the right angle
slot fabric antenna were measured inside a far-field
anechoic chamber, as shown in Figure 4.

The simulated and measured retum losses(S11) of
the right angle slot fabric antenna are shown in Figure
5. As seen by the results, the s-parameter(S11) <-10
dB ar 2.4 GHz and 5.2 GHz. The antenna bandwidth
ratio in the simulation results of simulated program
operating conditions is 88.64%. It is good at lower
frequency to the simulated result. But the high-
frequency result not well.

The measured results at high frequencies do not
conform to the simulated result. It may be due to the
variable interpretations of the material and other

Figure 7. The direction of current flow at Frequency 5.2 GHz.

elements. IHowever. the measured result level was
higher than the simulated result: the results range with
S-parameter(S11) than <- 10 dB are still in a band.

The right angle slot structure affects the 2.4 GHz.
as shown in Figure 6. The direction of current in the
space is between the ground plane and the
transmission microstrip line. The current flows from
the fed point to the upper part of the antenna.

The suucture of two smaller right angle slots
affects the 52 GHz. as shown in Figure 7. The
direction of current flow is in the space between the
gromnd plane on substrate and the transmission
microstrip line at a frequency of 5.2 GHz.

The measured results of the 2.4GHz the
normalized radiation patterns are shown in Figure 8
and Figure 9. At 5.2 GHz. the measurement results of
the radiation patterns are shown in Figure 10 and
Figure 11. The dual-band radiation patterns form
omnidirectional. The right angle slot antenna effect is
that generate directed toward an angle of 0° to 180°
more than the angular region 180° to 360° at 2.4 GHz.
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Figure §. Measured results of radiation partem on XZ-plane at
24 GHz.

¥Z - Plane (2.4GHz)|
= lEgh

Figure 9. Measured results of radiation pattems ou YZ-plane at
24GHz.

The patterns at 2.4 GHz are not symunetrical. The
radiation patterns at 5.2 GHz of two smaller right
angle slot antenna generate radiation patterns bi-
directional. Additionally. the peak gains response of
the antenna is about 5.2 dBi at 2.4 GIz and 5.5 dBi at
5.2 GHz.

v, CONCLUSION

The two smaller right-angle slot and right angle
slot in fabric Antenna is analyzed in this presentation.
The antenna, which consisted of a right-angle slot, and
two smaller right-angle slots, operate dual-frequency.
For design. the right-angle slor is affected at 2.4 GHz.
and the two smaller right-angle slots have been useful
at 5.2 GHz. It has been designed about the same size
by 0.5xg. The right-angle slot operation resonates
dual-frequency. The two smaller right-angle slots are
applied to produce circular polarize (CP). The
parameter right angle slot and a fed line improve the
fabric antenna in matching impedance. The
polarization is a critical concern in wearable
applications as the position of the on-body antenna.

ing Congress (iIEECON2021)

Figure 10. Measured results of radiation pattern on XZ-plane at

5.2 GHz.
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Fignre 11. Measnred results of radiation pattem on YZ-plane at
5.2GHz
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A Textile Right Angle Slot Antenna with Dualband
Circularly Polarization
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Abstract— In this paper, A Textile Right Angle Slot Antenua
with Dual-band Circularly Polarization, the improved dual-band
circularly polarized (CP) omni-directional based on the right-
angle slot in textile is presented. This technique uses different slot
sizes appropriately in various positions. The right-angle slot,
which consists of the two smaller right-angle slots and two large
right-angle slots, produces a circularly polarized (CP) and dual-
band resonance. This paper presents an analysis of right-angle
slot microstrip antennas to obtain dual-frequency, achieving £ 45
linear polarization in a slant. The presented textile right angle
slot antenna covers the 2.45 GHz and 5.25 GHz frequency bands
supporting the wireless local area network. A prototype of a
model antenna and experiment is made. The measured results
are shown to be reasonable for simulated results, Moreover, the
antenna’s maximum gain at 2,45 GHz and §.25 GHz was around
5.2 dBi and 5.5 dBi. respectively.

Keywords—Textile Antenna, Right Angle Slot, Dual Band
Antenna

I. INTRODUCTION

Textile antennas present in a wireless transmission band
play an essential role in healthcare and have been used to
address medical monitoring issues conveniently. A circular
polarization (CP) has played a role in enhancing the better
efficiency of receiving incident waves with any polarization.

Therefore. the textile antenna nsed in the wireless transmission
range attracts interest in many commercial applications.

078-1-6654-0382-5/21/$31.00 ©2021 IEEE
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The concept of a right-angle slot antenna was developed
from a microstrip antenna. [1]-[5]. Due to the demand for
antennas that are compact. lightweight. slim. and low-value
configurations. generating significant interest in microstrip
antennas. The Textile right angle slot antenna consists of two
smaller right angle slots and two larger right angle slots cut on
the surface plane. The papers analyzed right-angle microstrip
slot_antennas to archive all frequencies in [2] and [3]. The
peculiarities of using textile antennas on the human body are
measured in [4]. The slot is perpendicular to the good
conductor bar with the microstrip fed line in the antenna center.
The two large right-angle slots radiated the signal at 2.45 GHz,
and two smaller right-angle slots radiated the signal in the
high-frequency range. The dual-band is radiating in a circular
polarization (CP) and configurable narrow band frequency.
especially bands to reduce the interference frequency from
network bands.

The fed line slot antennas have a good radiation resistance
as well as radiation and matching with wireless area networks.
Microstrip antennas having the primary benefits compared to
traditional microwave antennas is that they use a feeder and a
matching network. A dual-frequency on microstrip antenna is
often used because it is easy to build. The microstrip slot
antenna comprises a smaller right-angle slot with a reverse
smaller right-angle slot radiated high frequency and a larger
right-angle slot with a reverse large right-angle slot. The right-
angle cut on the ground plan surface of the textile substrate, the

y thorized licensed use fimited to: Rajamangala Univ of Technology Thanyaburi provided by UniNet. Downloaded on August 02,2021 at 04:31:38 UTC from IEEE Xplore. Restrictions apply.
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microstrip feed line is centered on the slot so that the
microstrip feed line is perpendicular to the right-angle slot. A
center-fed  slot textile antenna  matching  with - wireless
networks, which are the high radiation resistance, were
required for the antenna to match the characteristic impedance
of the fed line microstrip. The resistance seen by the microstrip
feed line can be reduced as the resistance changes to matching
with wireless.

The characteristics of the textile right angle slot antenna
are proposed and analyzed. for example. textile antenna inpur
impedance. return loss or S-parameter |S11|. and far-field
radiation patterns in X-z plan and y-z plane

II. ANTENNA DESIGN

The textile right angle slot antenna is designed for dual-
band on a rtextile surface substrate. It has a single substrate
layer and low profile. The textile right angle slot antenna with a
short-term configuration is designed for each functional band
to reduce the interference frequency from network bands on the
wireless body area network. The textile antenna substrate has a
dielectric constant & = 1.30577 and a thickness of 0.898 mm.

Moreover. the total input impedance (Zi) of the antenna is
sumed up as

Ly =Ly Y Loy ¥ Lo (03]
The theory of transmission lines. the value of the input
impedance for the open-stub microstrip is possible by

Zm + jZn-r mn(ﬁ:i;m)

Z b = Z me :

Z, + JZ,, tan( B4, )

Where Am Zune and Zy are the lengths of the microstrip line.

the characteristic impedance of the microstrip fed line. and the
open-ended microstrip fed input impedance. respectively.

@

Also, the impedance of the radiator slot at the input of the
transformer as

Zyg=n'Z, (3)
The inpur impedance of the slot radiator (Z:) 15
255 ) @

Y. (G.+jB)
Where, as stated in [6]. G, and Bs can be determined
approximately by

)
o= 28 ®
r.'oi
>N\
B\ cm( f‘fé—*) ©
Zg 2

Where Ps. V. K. L's. and Z;- are the energy radiated from
the slot. the voliage of the slot radiator, the wavenumber. the
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Fig. 2. Simulated retum loss result as vary parameter Bl
sufficient  length, and impedance according fto the

characteristics of the slot. respectively. The coupling between
the microstrip feed line and the right angle slots by an ideal
transformer with a marn-ratio #:1 is considered where Zn is the
input impedance of the microstrip open stub.

The configuration of the proposed textile right angle slot
antenna is- fabricated on the optimal parameters. As an
optimized parameter. they are as follows: Wl= 100 mm. Hl=
100mm. A1=29.2 mm. B1=29.2 mm. A2=11.6 mm. B2=11.6
mm, A3=11.6 mm. B3=11.6 mm. A4=29.2 mm, C1=25.8 mm.
W=9 mm, $1=3.3 mm. §2=2.2 mm. $3=2.2 mm. S4= 3.3mm,
U1=27.7 mm. The two larger right-angle slots have a great
effect on lower frequency bands. and the two smaller right-
angle slots are the parameters of the effect at higher
frequencies.

Significantly. the significant parameter effect of Bl and B2
will be verfied and tuned by CST software. Fig. 2 shows the
proposed antenna's simulated results as varying the parameter
B1. It can be seen that the 1 resonant frequency shifts to lower
as increasing B, and the 2% resonant frequency alter minority.
As decreasing parameter B2 shown in Fig. 3. It has been found
that the 2™ resonant frequency shifts to the lower while the 1*
does not change.

by UniNeL. D

136

on August 02,2021 at 04:31.38 UTC from IEEE Xplore. Restrictions apply.



&) - ECTI-CON 2021 - Smart Electrical Systems & Technology

ot o B2=9mm ||
354 ~®—-B2=10mm
A B2=11mm
40 T T T
2 3 4 s 6
Frequency (GHz)

Fig. 3. Simulated retum loss result as vary parameter B2.

Fig. 4. The current distribution flows the proposed antenna at frequency 2.45
GHz.

Fig 5. The cunrent distribution flows the proposed antenna at frequency 5.25
GHz.

Moreover, the primary current flow on the larger slots at
the frequency of 2.45 GHz is displayed in Fig4. Tt has been
found that the slots affect the frequency of 2.45 GHz. In Fig. 5.
the significant curent flows on the smaller slots at the
frequency of 5.25 GHz. It is indicated that the smaller slofs
affect the frequency of 5.25 GHz. Additionally, the proposed
antenna's axial ratio is illustrated in Fig. 6. It is obviously

A b

R e

T LA 44 48 22 I8 43 B B4 LG 15 2 M R Y e

(a) ®)

Fig. 6. Simmulate axial ratio at (a) 2.45 GHz and (b) 5.25 GHz

(a) (b)
Fig. 7. Designed the textile night angle slot antenna. (a) top and (b) buttom

-30 [ 3
351w Simulated result
L6 ~@— Measured result

20 25 30 35 40 45 50 55 60
Frequency (GHz)

Fig. 8. M d and simul d antenna.

d results of the g

found that the axial ratio in the frequency band of 2.45 GHz
5.25 GHz is below 3dB. Therefore, the proposed antenna can
propagate the circular polarization. The circular polarized
(CP) change by the minimumn axial ratio (AR).

1. SIMULATED AND MEASURED RESULTS

The textile right angle slot antenna is fabricated as depicted
in Fig. 7. The ground on the textile substrate is the width and
length (1 x W1) of 10 cm. x 10 cm.

A simulated and measured return loss or S-parameter [S11]
of the textile right angle slot antenna is shown in Fig. 8. As the
results. the S-parameter (S11' is less than -10 dB at a frequency
of 2.45 GHz and frequency 5.25 GHz. The antenna bandwidth
ratio of the simwulation results is 88.64%. The antenna
bandwidth rato of the measured result is good at a lower
frequency than the simulation results. At higher frequency, the
result is affected not as well. According to the results, it might
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be that a materials variables and other elements determine the
characteristics. The level of the measured result was higher
than the simulation result at a higher frequency: however. the
resulting range with parameters S-parameter [S11] less than -10
dB remains in the band.

The far-field radiation patterns of the textile right angle slot
antenna were measured within the anechoic chamber. as shown
in Fig. 9.

As results at 2.45 GHz. the normalized radiation patterns in
the XZ plane and YZ plane are shown in Fig 10. Also. the
radiation patterns at 5.25 GHz are shown in Fig 11. At 2.45 and
5.25 GHz. a peak pattern occwred at 30 and 330 degrees in XZ
plane. Moreover. the YZ planes' peak patterns are 230° and
225% with the frequency of 2.45 and 5.25 GHz. The antenna's
radiation patterns are bidirectional. Also. the maximum gain of
the antenna at a frequency of 2.45 GHz and 5.25 GHz are 4.4
dBi and 6.3dBi, respectively.

Fig. 9. The textile nght angle slot antenma was measted inside a far-field
anechoic chamber.

IV. CONCLUSION

The right angle slot circular polarization for the textile
antenna is analyzed in this presentation. The proposed antenna.
which consisted of two large right-angle slots and two smaller
right-angle slots. operates dual-frequency. For design, the
larger right-angle slot with a reverse right-angle slot is aftected
at the 2.45 GHz band, and the smaller right-angle slot with a
reverse smaller right angle slot has been the beneficial effect of
the 5.25 GHz band. It has been designed with a size of 0.54g.
The proposed antenna operates a dual-frequency. Morcover,
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(a) (b)

Fig. 10. Result of mensured radiation pattem at 2.45 GHz on (a) XZ-plane and
(b) YZ-plane.

k¥ & k% k.

(a) (b)

Fig, 11, Result of measured radiation pattem at 5.25 GHz on (a) XZ-planc and
(b) YZ-plane.

ACKNOWLEDGMENT

scholarship. Thailand Science Research and Innovation Fund.
and King Mongkut's University of Technology North Bangkok
with Contact no. KMUTNB-BasicR-64-39.

REFERENCES

P. Rakluea, K. Janchi gveg. and N. A 1 K
Microstrip-Fed Right Angle Slot Antenna Design for Wireless
Communication Systems,” ETRI Jurnal, June 2009.

A. Pomsathit, P. Rakluea, N. Anantrasirichai, C. Benjangkaprasert, and
T Wakabayashi., "The Design of Linear and Circular Polarization for
Dual Band Microstrip Slot Antenna." TEEJ Transactions on Electrical
and Elecrronic Engineering.. Vol 9. Issue2, pp.105-112, Mar 2014,
Pragati Panda. Satyadeep Das. SudhakarSahu and JyotiRenjan Panda.
“A Compact Dual-band Microstrip Line Fed Slot Antenna with Two
Symunewical Inverted Lshaped Stubs for WLAN Application.” IEEE,
April 6-8. 2016, India.

Doy ka. M. Takah of the Ch
5.2 GHz Texule Antenna on a Human Body," IEEE,
Days.

s hai "Mulihand

m

2

g,

4]

of a
2019 Wireless

the proposed antenna can produce circular polarized (CP). The [5] Yuhao Lu. Chang Chen. and  Lingyun Zhou, "A Miniaturized 45°
right angle slot parameters and the fed line improves the fextile Lmk:liy MW:;-‘. lemfh; . "l' _ Dtegrated. W Cavity-
antenna as a design in matching impedance. Notably, the . :"L A“:“:"! ;'"g l’:{pmsv":“:':;";nmﬁ' s =
Syt z ~ e % o . Kim an -J. Yoon, "Microstrip-Fed Slot Antenna with Suppresse
p o'qpm."on. I_Sha_ .cm!cel"n m?.?. caf) hi c{’"u::?l im 3" wearable Hammonics." [EEE Trans Antenna Propag.. vol.53. no. 9. Sept.2005.
application as the antenna position on the body. PP.2809-2817.
208
Authorized licensed use limited to: Rajamangala Univ of Technology Th p by UniNet. Downloaded on August 02,2021 at 04:31:38 UTC from IEEE Xplore. Restrictions apply.

138



UsInglaeu

o - unana qiF 1NYT

MW LAau Ui 3 UNTIAN 2528

flog 50/13 wyj5 fuadegun snnedatiey SmianszunsAseysen 13170
Useinelne

A15ANWYN

WAl 2547 dsamsdnmssdulssmadedasivdndugs (ha)
auivEndiannseting lsaSeutideonms

W.A. 2552 FSamsAnusEaudmnssuAan s (3F..)

A drmimnIsudidnnsefnduazlnsauuiau-InsANuIAL

WIngaemalulagsNeasyy3
Uszaunsaliingu W.Al. 2553 — 2564

3793 (Technical Engineer)

B Suludnnaneuiiadedu 1
WasInsAny 084-7478078

GG suthisa_k@mail.rmutt.ac.th



o

InendnusatuiidunuddeiiAnannnsauaiwazisey Yougnd AN el unny

o
o a v oo

Amnssumans uingdewmalulagsivieaasyy’ suunuideluinerdnudaduitedu

dvdvsveumingdunalulagsvuinasyys wardemiuaiagluinerdnusatuil drmdn

yosuseriliinsfnaenyieuninAdevesdunniaueluievesdmidn

This thesis consists of research materials conducted at the Faculty of
Engineering, Rajamangala University of Technology Thanyaburi and hence the copyright

owner. | hereby certify that the thesis does not contain any forms of plagiarism.

(@A 1nws)

COPYRIGHT © 2021 Sudvis wa. 2564

[AVAN
FACULTY OF ENGINEERING AMEIAINTTUANEARS

RAJAMANGALA UNIVERSITY OF TECHNOLOGY THANYABURI uingraewalulagansunadyys



	Titlepage	
	Abstract : Preface
	Acknowledgements	
	Contents	
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Reference
	Appendix
	Profile

