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ABSTRACT

The antenna design for the Synthetic aperture radar system to detect
foreign object debris in the S-band frequency (2.45 GHz) was the purpose of this research.
The proposed antenna was based on a conformal antenna array consisting of conformal
antenna elements, which provides wide beamwidth characteristics. Consequently, the
array gives a constant gain property, with a maximum gain difference of less than 3 dB and

it had high directional accuracy when switching the antenna beam.

The proposed antenna was designed as a suspended structure utilizing the
Minkowski fractal loop to reduce the size of the elements. These elements could be
arranged in an array with a spacing of 0.504,. Each element in the array is referred to as a
Minkowski Fractal Suspended Conformal Patch Antenna, or MKF-SCPA. The measured
results of a single element showed a gain of 7.10 dBi with a beamwidth in the H-plane
and E-plane were 90 and 62 deg, respectively. The single element was arranged in a
conformal phased array with a curved array radius of 2.004, and a size of 4X4 elements,
called the MKF-SCPA Conformal phased array. The measured results were in good
agreement with the simulation. The antenna prototype provides a maximum gain of 15.12
dBi. The difference in the maximum gain when switching the beam to the desired direction
was 0.92 dB, indicating a constant gain property. Furthermore, it provides high directional
accuracy with a beam-pointing error of 2.22%. Therefore, the antenna prototype is

appropriate for use in the synthetic aperture radar system to detect foreign object debris.

Keywords: Conformal antenna array, Conformal antenna, Suspended patch antenna,

Constant gain, Synthetic aperture radar, Foreign object debris detection
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source not found. 471979 #IUFUNIIY d1msun190uUas (Landing) wazOudu (Takeoff) i

YUIAAUAINBINAU 45 M BaTANUYIUNIAY 3,050 m

ToguianUasugnnuiaenigluwanisiuvesineniseumalvg laun fou

#u, ganaiadin, laulwanewnania, adnines Tracking nszid, LAYALIINGDIANTIVING

N a

a a a °o a <) v [ Y ' <
wlanUaou wazdlyine1n unUizanou tazy iunu 19uUanUaouvaianaoulasyayn

U 9

YA WagnnFUsI SulUAEE e amnseadeanudenuneiniaeule Wensenuiuluiie

=

LaTUAIUDUIDUATOIBUA [4]

1.6.2.2 ngszidsudatsfumuningigiunistu

A1509NLUUAIEDINIAFINSUSLUULIAIINTIVI UIRLUANUADNUUIANUANIS

q

(%
&

Juiiy sesegnnelingledsdureteimagufisiunanunsaianassuuls tnglineaudeme

LAZIUNIUNITVINIUYBIBIN AU AT

¥ v v a

ny¥avsAunns1gIun1sdunu ICAO nANWINT 14 (Annex -14) 319784509
- o ) = = & A
2INAYIY PINVLIAT 3 SNYULNNNIEAINTBIDINIALIY dIUT 4, 5, 6 Wag 7 NATITINUTING

79 (Runway area), il U7l Uaan858U197 9 (Runway strip area), i Uyl Uaannsuaianiia

(Runway end safety area), fu#iuasndsnnv114 (Clearways) waLNIMIYA (Stepways) AIUAIAY

(% '
[ I

fundinanazlifidsiavine wie gunsalitluldgnirdnannuindueiesiises, gunsalihaes
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a

gunsaliasanAueInA, Tanuaninde waglildinginnidag svldarunsaegluuiiaunug

q

AINaIle LAAUUIANUTAIGG VasoINIABURIALAY AennUszneud 1.10

Runway Runway strip
End Safety] T, Ko i
A Runway 150m Stop way |
S :
90m | < 3,050m > 60m L

AMUTENDUN 1.10 IUATAIRNUNNITOU VO991N1ALIUIIA LG

nHUaUIAUNIY FAA title-14 part 77.9 (e) na11de lAseas1eaueIn1An ol
Auadliiiy 6m SemndiANguAy 6m AoelinSLIAADURUNUIBIU FAA LAAIFINIANLIN
n vide 1.2 detuainderimuatdidiu dumisvesmsiadiangeiniedeslisgluuniundeanany

wagldfimnugavasaneeinialidiiu 6m

vYaa v

n1o1n1as unIalng 1935015 Human observation Tun1sns1aduing

9

[y

wlanUaey Falifimalulaglunisnsiaduinguiantasudnludd deiuauideiidenssniuy
<) s YY) 3 . o 1
Jukuuszuusnsnsaduinguuanuasuunanlasuluy Stationary system lagsnunianis

Ansa Sudrnugeesaieaniadosdulumungszdeuvesnnsigiunisdy ICAO ANNEX 14

WAy FAA title 14 part 77.9 (e)

1.6.3 LUIAANITIDNLUU

v Y

290U ALNANNDILUIAANITEBNLUVAIEDINA AT UG IUTEUULIANSHIIAIU

[

Taguuantasunigluwanuinisdu Useneume 4 iade laud a1ee1nie, suniiasenie,

N15USUAARUYRIENERINA kavIUINYRiUTIATEUARY
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1.6.3.1 189104

[

nuideilidensenuuuiunuuszuusnisnsraduinguianyasuunannesy
JeUUTeglis (Stationary system) AindsaneeIniFkazgUnsaluunenen3alAseasna Support 1

Y

Lifinseaeun Ineldisnisaknunuiid1rung TnenisusuaInauvesangaiInie

A1891N1ALIIAINULUUUSULWE (Phase array antenna) awenAviaianunse
Usugusrauasfiemavesdinduld Tnsfiansenialsifinsiedeud siunseuaunisteunszua
wazlaliiuangenie denmusznauil 1.110) fhegranseiniauaiaidusuuliuma was
AmUszneudl 1.119) fedrsudenlaesunsuvesaseiniAualsitunuuusuea Snisdnes

Aall 6 Aefian1svesaIndugnaluANkun1TUaunseualaziia, ¢ Asandeulviunay

29AUTENDUYDIEYDINIALIAINU

o <
o < :
— o < |
oy <9

¢n <

Antenna

Main beam

Controller

) @81NALOIA1AULUUUS UL [5] Q) NSVNIUVBIEIYBINALDIAAULUUUSULNE

AMNUENBUN 1.11 @1891N1ALDIANU

[

a & A o o o c{' v o A
UIYULRBNDDNLUUAIYDINIALDIAAULUUUTULNE NE1U5AUSUAIAAUNIS

'
1 Y

Inifinle Femseiuaudean1svesseuulsnsnsaduinguuantasuluguuuu ssuuney e

seuuuargUnInlaglilinisindioud
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1.6.3.2 ALNUIVDINITANNIEILDINA

NINAUARTLNLNTIFIEI8D1NTA 9InTDAAUA ICAO ANNEX 14 Lag FAA title
14 part 77.9 (€) AWNUINANTARAAIA18DINALA fo98gUBNUANUTUaATETOUNIII
(Runway strip area) fsyazaaus 150 m anduninatwesmnduduly aansafnfesyuy

wargunsallyl waraugavesaeeIMAliiiiy 6 m danindszneui 1.12

(%
a (Y

N15aeNAMUIEImMSUNTAARIENE0INA LEBNIINTUTATOUARUYDIAIL AN

dl' . % Ao w 1 a = = o w = 1
AR (Half-power beamwidth, HPBW) &aiiinasuanasliiiuaimilwesidanuasan viell
A1NT1 3 dB AB9EUITAATOUAUIIUTIAIUNTNNTBIMNGI AN NUSENOUN 1.13 TIUVUINATUNIIG

YDINTIAIUYUIAUINTIFIUVOL ICAO La ik 30m, 45m uaz 60m [7] 55UUATI93UTAY

9

wlanUasudlaunsaltanulansanuauin

Antenna

A

Runway

[ : | 4
-<— 150m —>.
' Runway strip '

AnUsenaun 1.12 FUWNUIVBINTTANAIEIERINFARINNGY ICAO Lay FAA
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Antenna

Runway strip
Elevation coverage

1
<

AMUsENOUN 1.13 Mumien1sinasaneeInie wagiiuiasounaulululssuuyuen

1.6.3.3 N15U5UAIAAUVRIEI8RINA

2 o 4‘ o U ‘g{ ‘NI a v dgjd
A15USUAIAR UVBIANEDINAGI NS UALNUN UL UMY U3 T8RTIUIAAIY
navesiunlagenausuaaaululuILunim (Azimuth plane) 2Av1U 90 83f1 AU
-45 99F1 D9 45 99F AINTNUTLNBUN 1.14 AIUUAINNAZLDUATDIINRSADUNE LAZAIUNINY

YDIAIAAUVBIANYDINIALADIAUNUS U waztunenunsiaaunelddeulad

-450\ /5°

Runway —— —\\— - —-.“— —:,:— _—— A __

[~

Scanning
area

AMNUsENOUN 1.14 Auaanundeveamsusudnauluwuiyguniig

YUINAIUNINAIAAUVDIANEDINA LNARNDAINUALLDYAVDIINATLADUMNE LAY

o A A a d' = P v o o A [N
YUIRVDIAIAFUNLAU AUALLDYAYDIIATLADULNEITUINVU L‘W@&L‘Wa']ll']sﬂﬂi‘Ua']ﬂau'l@@ﬂ']ﬂ
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ATBUARY AININUTENBUN 1.150) Wagn1musenaudl 1.159) fegiatgeniaAndaiaduuay
WALAIEDINIANIVUINFIAAUNII AIUAITU LIUINA18INANAIARULAUADILTAINALLD A

99995 UNALINAINAEDINIANAIAFUN IS

L | a

WaIAUE NS UIUIIEY AINNATLDEAUB9I9RSARUNALINNR ABTAINNATLDYN
WINAU 45 89A1 @1U150USUlaTanun 7 seaulawn 0 8960, +45 99A1, +90 99AN WaE +135
297N FIUSUSMAUVRIA18IMAL 7 AEN19lanA 0 89N, +15 D91, +30 BIFA WAY +45 BIFN

U Qg.JI a g o 4‘ a1 ! U U d‘
AIUUAINUAZLRYAVBINITUSUAIAAUYDIEIYDINALANNINY 15 99A1 AN INUTENaUN 1.16

0° 0°

A

) @1Y01NANIA1ARULAU ) @N89INIANLAIAAUNIY

ANUsENaUN 1.15 N15USUAIARUYDIEI8DINA

30e15° 0° 15°

30°

-45°

Runway ——(\\% i/} o p———--—=
Scaﬂning ------------------
area YV YV
I [
Tx Rx

AMNUsENDUN 1.16 NMSUSUAIARUYDIENEDINA 7 AN

1NTDINNAAIUALLDUAVDIIIATLA DU AN A1U150 1T 9Ule YUIRaIAE UYD

a

ANYDNNANLALNEANAITIZLIUIAVDIAIAAUTNINAN BAENITNAIARUNINNT UV LANUNYDINITIY

' ' (%
N v o A

FounuvesanauvMeNUTUSAAUINUNUINTY YA SNR Yesdyaalusuzainuiionsiadu

TrguianUaeuiuntu szlunafsenisinlussaianaluniends
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drudnliazdeanivuindinduvesaisoiniaiivesiian Naiuisaldlussuy
A3 InguUanUasuuuiuiivemale wagegneldeulvreinisuuamduresauainiei

[%
o

yaun 7 AENg (0 99A1, +15 991, +30 BIA1 WAL +45 B9AN)

LRI UNTIATOUARUVBIENEDINIAYUIAFIATUYINAY 10 83A1 H1UTOLKNAY

NuUlUIATR I INUSENBUT 1.170) iUl NdN U UI9dIUNE1PAUYRIa18DIN AN ASIULe

WALAIAAUVBIANYDINALITINNSTRUTUAY

LAAINUTIATEUARUYDIAEDINIAYUIAGIAAUVINAY 15 83AT @1U1TOUANANE
nuldladnenindseneud 1.172) amduvesaigainiaainsawdiasnulidaiuiidinangla

WALAIMAUVDIANYDINAYDUTIUNY

LA UNIATEUARNYBIANEDINIAYUIAGIAGUNINNTT 15 BIA1 ANUNTOUNATN

ululatanamUsEnaUR 1.170) a1AauUvesansa N Ad@ NSk asulUgaNuAd e la

1 [y 1

yugauiuABUL19NN

)
ee
=)
=
=)
D-)o
2
>
Db

Runway ———-———— Runway ==——-—-——
Scanning Scanning
area area \/
) VUINAPAUYINAY 10 996N Q) YUINANPAUMNAY 15 D96N

Scanning

area NV YV

o d‘ 1 L2
A) VUINAIAAUYINAY 30 8961

ANUTENOUN 1.17 WUNATOUARUUBIAEDINA NIVUINEIAUYBIAEDINARIY
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o
Y

aeun1sesnuwuuameenedmsuldlussuunsiaduinguiantasuil esnuuy
Tiange1niandsivunainduning (> 15 aar) Welaunsausuaindunseunauduyy 90

DA LA -45 BIAND 45 831 NYLFINSUSUAAAUNIUA 7 SEAUVBII95a0UWE

1.6.3.4 VUIAVIINUNIATOUARY

YUIAVINUNATBUARUNTIUIANTA (wide footprint) TWAIMLTNVBIMRY
dlonsznuiuingulmunetesninvuiavesiiuiinseunguawiaidn (narow footprint) LazA
o w i 4 2 (% oA A v v 14
wssvaaanulieasviounduainingumineealiiisanenzanunsansiaduing dmangle
nanfefuiiasounquaniadnazlidanusduglunisnsaduingudmunelauinniniug
ATaUAqUIUIALlYY FelunisoeniuuagaINIANaInauNINe WieliiuniasauAquiindne seuy
77193V TRQUUANUARNANTINAANIUIINAAFUINTY TBLANAMUTNYRINANIY Uag

[y

g munvanunsaagvisuiaanunduindiniasule viaiuaiulvesnasuliuiniuy
1.7 MINUNIUITINNTTY

NNSNUMINITIUNTTUNA BRI UUITelu A uatse1na 1uaigene

a v

W lgauiuseunsms SAR kagseuunTRduinguiantasy Tl

1.7.1 The MIT IAP Radar Course: Build a Small Radar System Capable of Sensing
Range, Doppler, and Synthetic Aperture (SAR) Imaging* [6]

UNAMUUAUD N1FAS195zUULIANSIasda1ee1namdu argeniavieulInay
nnszvantateila (Open-ended circular waveguide) HlATIATNUSNUDIAIEDINIAYINNIDIN
nszUaanknlanemiun 1Benin @awan1anselaaniwi (Coffee can antenna) A9nINUsENBUN

1.18

AMFRRRINIASG IR RN

a519@181NAviaUIAA UNSINTEUBNUINLUA 1191nnSeUaIn1wnasilaunnLdy

HIUANENA1wIAY 10 cm dwsuluun TELL dannadidesiuingy 1.80 GHz anwnsaldauiu



18

SEUULIANS LAY uUUAINND 2.45 GHz nsedasniunlansdrtinasyintnndusungnszane
AU wazyndoud 1 Monopole probe UNAIINTAT 1A ULUUAIEDINIATIUIUADIAY
dnsuaieaniasulardinuazeu Ia9agaInENasIsunstuldusyes 20 cm wWisllanwa

INNI5LAR Mutual coupling $EMINNEI8DINA

AsNAEUIAAINISIALNDSE188INA

AUKUUAIEDINIAAINTITAVIIUUUEIUAIND ISM-band 2.40-2.50 GHz T4
9931V AR 7.2 dBi YUIAAITUNTNEINA UINAY 72 831 WazA1 Isolation T¥17914

A8 1NANSARILYINAU -39 dB

MsnAaaUaI8aIN1ATUSZUU SAR

a8 ANatIAduUNTINszUanU e uIuaasay thunldiduaiseiniasy
wagangoadanigluszuusnis SAR lunisnaaeuldanuaiseinianiassasgnindouiuuse

LABUAIUNTOALNUN UL U EADINTHAAIFININUSLNOUN 1.19 hazn1nwUsenaun 1.20

a5y

2 9=

unauiliaue a1eeniAaieenAviedindunsinszuendatoide (Open-
ended circular waveguide) ¥euiianud 2.4-2.5 GHz f8ns1venewiiu 7.2 dBi fawinaiy
N31981AA WU 72 3An @319anEeInIAnIATULaTAIAdY wenduil aanaves Mutual
coupling 5¥1319@189101@ A1 Isolation AU -39 dB FuwuvatzenAidy Fixed-beam
antenna gnihUszgndldauluszuuisans SAR Feansornagnindouiiseisnnsmsnalae

o .:4' & 4
odus1doulunTaLNUNUALU AN
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—
M‘“m‘\l Hoy

AMUsEnouRl 1.18 gunsalyn Radar kit ANUsENOUN 1.19 58UU5A15 SAR Loy
UsENBUMYNAT wazaeaINIA [6] gunsalaganyaINIAAfauNmEI G (6]

AMUsENDUR 1.20 MIsvndauanga1n1AluseuuLsans SAR (6]

1.7.2 Design of an antenna array for a LFM-CW synthetic aperture radar prototype
(8]
UNAMUUINEUD NITDALUUAIEDINTIALAIEIA ULUULT LAY FUR 1xd

99AUIENOY (Linear array antenna) dwusultlusguu LFM-CW synthetic aperture radar
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N1989ALUUATIYDINTA

uneH P LaueaIse N ALAIE T ULU UL LR 1xd B3FUsENeY usay
aqﬁﬂizﬂauL“f]umammmwwﬁgﬂﬁmgw (Rectangular patch antenna) yiaufinwd 2.44
GHz Yanil#idu RO4003C Tasiladidnsdnwiniu 3.55 fnuvunviidy 1.524 mm Weuse
unazesaUsznoultaae T-junction network wazld Quarter-wave impedance transformer
wUasdufiunudiiielaiunsasedu SMA connector 1u1n 50 Q lduansluinaangeIniaua?
AdunuuBadurinn 1xd psAUsznaufan1nUsznoud 1.21 uagduluuaigeIniasiuIudes

AUAINNUSENDUN 1.22

MuUsENaUN 1.21 Taad1ge1n1ALI@ R ULUUGLELIUIA 1x4 89AUTENBU (8]

ANUSENDUT 1.22 AUANEDINALIISIAULUULTAEUIUIN 1xd 83AUSENOU (8]

A1SNAZUIANISITLMDSUBIEI8RN A

NSNAADUAULUUAIDINIALAIE N ULUULTUEUIUIN 1xd D9AUTZNDU V@D

[

TanrsdwesndAyn1elaies Anechoic chamber NANISNAADUAULUUAIEDINIAYIIIUN
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AUAYINAY 2.44 GHz Tsnswenewindy 9.87 dBi daurnaindulunuiusuyindu 24 99a1
Han1sNAdaUIn Mutual coupling S¥minganeaINANIE@RIRY IngdnieatgenIAeieiudu

SegzwInAy 2.05 m 1A Isolation AU -26.63 dB

AMsNAaUANEINATUIZUU SAR

A1891INIALAIAIAULUULTUAUTUIA 1x4 DIAUTLNDUNIE0IAY WUAI8DINA
AAsukazasnNgluszuuLsANs SAR faNNUsEnauN 1.23 nadsuluiufvuinnINeyiniu 12 m

WAzE WY 100 m A ndsenauil 1.24 uazfindsange1nidlngeainiu 1.2 m

dusun1Inaaey @ree1nimas LFW-CW (Linear frequency modulation-
continuous wave) g ingulmunedadudiaziauyu (Comner reflector) wazange1nied
o o d‘

Aasu Sudgaruiiasieunduninngseus 10 cm wasUssuianadyqy i launduniy

anesiy w — K LLagﬂqiﬁ%’N@@ﬂNWLﬂUQWWLLﬁﬂﬂﬁQﬂ’]WUiﬁﬂ@Uﬁ 1.25

AMNUsENBUN 1.23 @nganmdsusazas neluszuusans [8]
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100

90

70

60
100 m

50

r[m]

40

30

10.1 m i 20

>

<H i87m 10

.19.57 m

i [
rail 12m radar 0 8 4 2 o 2 i 5
u [m]
AMNUsENDUN 1.24 swndavaaivang AMUTENOUN 1.25 AMNgNAII9AIN Raw
U 4 TY [8] data Inglgdanasyy [8]
dsu
s

UNAIUUNEUD N1500ALUY WATAT199INIALIAIAULUULTILEUTUIN 1x4
peRUsEnav dmsuiluangoinasunazdsluseuy LFM-CW synthetic aperture radar ¥1191u
UUAIINA 2.44 GHz T8m5181e 9.87 dBi fuuina1nd wlukuiuewindu 24 eam a1
awanIasukazdsmenduiuiielilfiAnns Mutual coupling seninsangainiadien Isolation

Winfu -26.63 dB sukuvatgenatignianyuszgnaldauluszuuisas SAR lagangeinian

AATULAZAY ABUTNAIEITNITNI9NEA B1Fes1ARUlUNTALNUNUALTKLNe

1.7.3 76.5 GHz Millimeter-Wave Radar for Foreign Object Debris Detection on Airport

Runways [9]

UNAMULUNAYD F8UUATINTUTRgUUANUABN VLN NI NI4T 990981N1AEIY
Y919 VUANUEA Millimeter wave radar (76.5 GHz) @18910167 b5 91Ul ussuuUsenaunae

auomAgedalaun 1. @1801n1ALAIaRULHWaLTaY (Printed reflect array) dmsulaiiu
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lunatsn1s Narrowband wag 2. @181n1ALUUAzY au3UN151lUan (Parabolic reflector

antenna) l4fiulugaisnis Wideband
a1881n7
1. d8aNALaIaIRULNUEETaY (Printed reflect array)

A189IN1ALAIANTULNUASTIOU [WUae91nNeTdl atga1nieadatauladuLny

d2919U YNUUUANNA 76.25 - 76.75 GHz argenmiakndmuksuazyiougnUeudyaiunieg

= ] PYRK:

awomasesuiidsUadunsstuuds fuvugumaukidsnuiifonavedaydisdssdus
10 Mdsnudulnguszana 99% egilaundn waniioldliasonirgesutut wiud
UseAnSravesanenIniALnIdIfuLHuazTou dansaeeniasesulusuniadesainianans
Duy 27 sam wazvhlilaundngnid eununisazviouveand u fanmdszneud 1.26

NANTNAFDUANEBINIA ANLNTATNILULANLE 75 - 81 GHz Tridmsnvetegean
71 42 dBi fLuﬁwmmﬁqa WAETNANND 76.25 - 76.75 GHz Wiasvenewiniu 39 dBi wazauin

Ya9taudnelisEausnin 25 dB

27¢°
X Elevation plane : xOz
Azimuth plane : vOz
=5 _i} | - ) ll 1
Q Z Th s T ™
y __j 27 o ____} e = 1 2, :
oo ) =
AT -
AR
% 7
P i / hi o

primary f'eeld : prolate horn
ANUTENBUTN 1.26 @N801NALDISINULNUALTIOU [9]

2. §182INALUUALIBUIUN131IUA (Parabolic reflector antenna)

angenALUUaTieugUnslual tneatuasieugunisituanldiduianasuen

lliuaswana®n (carbon fiber-reinforced plastic, CFRP) fannUseneud 1.27 nanisnageu
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SULUUNMSURNEINUUNAIUD 76.5 GHz agendlignsivenegegainiu 39.5 dBi dvun

AMUNINIAAUATINANYINAU 1.60 89A1 TsiwuINsInalsduwuy Horizontal

ANUTENOUN 1.28 @180 ALAIE R UK UAEYBY gnAnAsuulsmes [9]

n1snegauasaInAngluszuunsiatuinguuaniaay

1. MIvagauvaslugalsns Narrowband

n13nAaauTEUULIANslagldlugaisnis Narrowband Waza1881N1ALAIEGY

wHuazyoud miun1snsaduinguianlasy Jeingudmuneildiduingnaaouniu FAA
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circular finnubilunsiaduinguianvasuiifivwindn Tuu1aluiidari195nns (Radar cross

section, RCS) (111U -20 dBsm

1)

nsneaeuszuuisas T ingumnedulanenssnszuen S1uauanudu (0 dsm, -10
dBsm uay -20 dBsm) uinvesinglangnssnszuenisanaidu C1, C2 wag C3 Taun
ANNGATVWIAFUH UAUG NN 134.5, 62.4 Uay 29mm AaEIRU tngA1LIN
A RCS fimaidl 78.5 GHz wazfnquilmianeuuusagsiousaivindu 28 dBsm
futdmsulimnasuszuuisnsuansianmusznaudl 1.29 uazsumisosiagidinue
W 4 3u 1 ussey 20 m nszuulsAsuiazviouyy C3, C2 uag C1 158andely
U MUY

Funuvageniasniludsgunsaissutisaignindsuulammes (Mechanical rotator)
amUsznauil 1.28 tielvianansoaunulunszuugunafanwdseneud 1.30 seuy
P faunuufiReusiym -30 09en 30 a3

Hdyeyrausuniuusnaszee 10, 13 way 30m warilnauasiieuainlany, fin, vielany,
wardnseu uenniitulangsegifuszeruinuoundluresiiuiineaeudadu
wiulavegfussmitemainuazauudlusgnduauumendnduuen feduasfiounes

sofeuluUSUNUANaEU

[ N &

dmsumsnsduingulmneiidunis 20 m awnsansaduingiidunsainssuenla
] Y @ A v o/ P A A 2/ [y Y 14 v v 6
e onyiuingiiluiasviouyy Wesneauiiasieunauaindasviouyy lUduius
U dl ¥ o gj o 1 %4

fupduasisuiuslany Muliaunsouenuezla
Aenaaiteyanlaluviinisusvanana ngldnisavssAuseneuneuenildineidas
ponld lawn salavy, 9neIu warn1nmun Threshold viliannsaandyaiusuniu
USISTey 10m, 13m wag 30m kandnan nusenouy 1.31 vl easrusenaud by
\Nendesgnavesnly wazaunsansinduingidmunens 4 Juls uddindinquasviouay
FOVRUSIUUANEAN

[

nadeuingidivany C3 Aidiuvusseee 35m, 40m war 45m a1u150aTI3uing

9

Wniune C3 uUdesees 35m wariszey 40m Madanunns19duledniasanulos T9A7S

ALAUDTNTIVYBVDIEEDINAAUINTUIIALANUTONTIATUNSEOE 40m 19



internal road
of ENRI

35

Distance (meter)
= = =

o

pipe
Metallic

i Internal
Fence

Road

=

o

Metallic

?JIJ -20 -10 0 10 0

AMNUsENaUN 1.30 AWLSANS

Inefingulvaneeglusumia 20 m [9]

2. N3NAHRUVRLINRALIAS Wideband

30

-100

Distance (meter)

26

o :’_ﬂ!‘, .

building

bicycle

-
* .-

Main

Roade

Remaining
Noise

930 -20 -10 0 10 0
Scan angle (degrees)

AMNUSENBUN 1.31 ALSANS

AYUFINITUIEUIaNE [9]

nsneaeuszuulsnsiasldlugaisnis Wideband Feanunsaliinaiiuaziden

vossvuule dnumeeiniekuvasieugunmianlual dmsuanunnaaeudinimusenaudl 1.32

Usznauludie $ailssesvinaindudussey 5 m, dlangdunds wazveundaniidainugs

Uszanad 5 cm
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1) TUN1SVAERUTEULLIANS @189INIANIBTEUULIANSANNITAANNITANYY 360 Bam1luwn
szuuunemelsianes wazlifinnsusuluwnssuruyuen

2) Aaquimnedildlunismaaeu 1éun Tavgnsanszuon waglavensedindon Alvia1 RCS
ey fanwdsgnaudl 1.33 Saguivinensludumisszes 10m 9InsyuuLIang uay
Neinfuduszes 1 m fanmdseneud 1.34

3) spuusmsanansanTInduTngivanest 5 Juld Fnmusenoudl 1.35 uansnmiaans
Aldanszuunaduinguuantaey

4) vadeusruuLIang lngliszarvinaszninedagutmang wihiu 30cm danmuseneud
1.36n) annsansraduitmungld 4 3u ldaunsonsaduiagdimue od fdulans
nss@vaely

5) nageuszULIIAS Ingliiszarvinsseninedagudmane witdu 10cm fanmuszneud
1.369) annsoaraduidmngld 3 3u laetagidmane O1 uar 02 eddluseesi
10cm szaginesynitavavvedinuneg Indwfesduaiuazidenvesiinea szuuld
annsouenuezld deaddnsussmnanaiidudeunindu eliannsauezusning
Whvanele

6) naaeuszuulsnis taeldingudvuieduinguianvasuaineiniaeu Charles de
Gaulle Aomnnanadesiu fnmuszneud 1.37 szuuisasanunsansiaduitimane

16 fanmUsznaun 1.38

02: -0.9 dBsm
Cylinder

04:-19.5 dBsm
>;f @)\.. : e, Square box

(&) =

Metallic fences e |
spaced: 5m
/ B

0O1: 1.1 dBsm
Cylinder 03:-10 dBsm

Cylinder 05: -20 dBsm
recta.ngularl box

Awdsenaun 1.32 fiundwsunisneaeu [91  amUsenaunt 1.33 degrainguinung [9]
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I5m

10m

5m

-Sm Om 5m 10 m

mwﬂszﬂauﬁ 1.35 ANLANS [9]
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distance (m)
distance (m)

ol At o Rniny

}
i

=5 0 5 10

-5
distance (m) distance (m)
n) szgsynidngulvanewiniu 30cm ) sruzsenineingiimngwindu 10cm

AUsENaUT 1.36 AMsAng [9]
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I15m

x : metallic fence

X 20m 10 m
x I5m 3
" . X 10m =
5m |
x sm 21 s
Tow aircraft caps §
. * & Rool'l.?igc ;
Radar " u :; v
-5m Om 5m 10m
AUsenaun 1.37 smunisvesingidmang AMUsENOUN 1.38 A3 tneing
nduinguianuasuainainaenu [9] Wmneduinguuandasuveserniaeu [9]
a3y
I

unanufitiaue ssuunsnduiaquuaniasnuuiiuiinielsweseniaeiy
Y1471 UUE U Millimeter wave radar (76.5 GHz) ange1niad e a1uluszuunsiaduing
wlanUasuilaesyiln AsageiniAuaiafduuiuaziou Joudygumeaigeiniagesy (Feed
horn) Tgns1veewindy 39 dBi dwmsuldiulugaisnis Narow band Uag @1881n1AKUY
agviousumslumlisnsverewiiu 39.5 dBi flvuiarnunitsdnauindy 1.60 s 19

L1AaLsA13 Wide band tiaiiumnuazidenvasssuulviuiniy

dnumahaumesaseniameluszuuil fusuumeenmaisassgninsaun
Tsimmodiflevhnsaunuil uilidvane sﬁaizuumnﬁ’ui’mqLLUaﬂﬂaauﬁwmmﬁ%auaﬁ
anansansduiimnefiiudnvaslanggunsanszuenlyien RCS Wiy -20 dBsm I¢idilnagn
fiszoz 35 m uenanneluszuuinslinisuszmana Welianunsausnuey inguivaneiu

annwInaaule
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1.7.4 Studies on conformal antenna arrays placed on cylindrical curved surfaces [10]

UNAMNNYNALD N1IANYINAINAIULAIVBIAIEDINIARIE I ULUUAIFU

(Conformal antenna array) #ivuUURALAUBINITINTEUDN

1) WIgUBURUUTUMTUNNG 11U Y99a1801N1ARINEIAUTEIA 8 B3AUsENaY Tagnsiiiy
SreI9TEIeenUszneu Teud 0.401, 0.604 0.801 waz 1.00A NaIINNISLRNIZHER
serinaesdUszney shlfuuusunsuindanuvesardududnuny Star beam uarillay
FUAATY LaEMNTEEEIneI0IRUTENEUT DI ULNATBIENARLLAIE I UZNANS

2) Wisuilsuageiniauaidisusuin 8 asduszneu lusaiauldefisedu laun 1.271
251 51, 104 waz 202 lpefiszusiisuessznineesdusznounsiie 0.501 naannIsLiy
drlfasumandu dwaldnduiiauinuauas (Narow beamwidth) LazNSaATLIAYEY
d Ul 99wyl a1 Ad uarnT199 U (Wide beamwidth) fan ndsznaudt 1.390) uay
AMUTENOUT 1.39%) MsdasesaigenniAwaladuIun 8 serdszneu lusainulAed

AU WAZFULUUMSUANGRNTY AUE6U

RN 4 , N
4 \ Y/ RN /
Vi y, D T v, ep.w. | 0000 |
5’, V?;g,& ;' ‘»\
g 0] A AR R
Y s Yy ¥
[} ¢ 2 $ &
= -15 '%5' %5' &
I A
¥ = = c £ )/ >
s Tl TER Y
; - 5 4 i — 1270 4 ] %
- g 25 - 2.5 i s
1 5\ ¥
=30 t *—10A
200
-35 1 . L
-50 0 50
Angle(deg.)
) N15INLIIVBIANLBINFLDIAPU[10] ) JUWUUNSUHNE S [10]

ANUTENOUN 1.39 N1591889a7891INALDIAIPUTUIA 8 BIAUTENDU

Al

2 9=

UNAITULAUD ﬂ’]iﬁﬂ‘l‘iﬂNﬁ%@ﬂﬂ?’]fﬂiﬁﬂﬂ@ﬂﬁ’]ﬂ@ﬂﬂ?ﬂLLﬂ’JﬁoﬁﬁT‘ULL‘U‘UV’NE‘U

(Conformal antenna array) JUkUUNTUNMAIveago e duilanduresaiunitedulé
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YDIA1YDINIA WATTTEEWIIVDIDIAUTLNDU MINABINITIANLVUIAAINUAINIVDIAIAAY LA

InSeaaea1nAwnaf Ul nwuLlAg

1.7.5 Conformal Antenna Arrays Placed on Cylindrical Curved Surfaces for Radar

Applications [11]

UNAIUUILAUD NITODNLUULAY W”@ummammmt,ma"m”mwumgﬂ

(Conformal array antenna) YW1A 8X96 BIRUTENBY MIQNVNUUURILAIYBINTINTTUDN

1)

2)

1)

2)

N1989nLUUAI8INTA

N1509NLUVAIEBINIALIIEIAULUUALIUTUIA 8X96 BeAUTENBY Taarduwarlululfa
PINUA 96 kDI WHAZWLAIUTENBUAIE 8 BIAUTLNDU TLULN1IVDIR9AUIENBULYINAU 0.601
LazUInsAlvesgUNIINTTUBNWNAY 84 Aunmuszneudl 1.40 dwdanildidu RT Duroid
5880 frmsfiladidnivindu 2.2 fianununvesduiangiuseasindu 20 mil (0.508 mm) dien
loss tangent Ly 0.0009

A11¥UN1999NA1EBINTFLAIAU 1 DIAUTENDU WUAEDINIALNNTaRITUUTENaUMAIETUY
P & A & (Y] [y . [y a
mduenma uarduiiduiangiuses nsteudyyuwuy Coaxial probe Aanmysznauy

1.41 WALNANISINADY DRTIVENERD 1 BIAUIENOULALYVINAU 5 dBi

N1591299UAZNAFRUIAAINISINNDS

nan1s91asagUUUMIwngaululusTugune dslunsazesduszneuiogluun
sruuyaneiinistounsruauazlafanmusenaudl 1.42n) Suundasiveny 19.6 dsi i
ANUNTNEIRALIVIA 4 831 dngenaUiudAduieIEnasliinlagldsandoua
annsavfudedululussuugunanmUsEneudl 1.429) Savazduaveinisiud
AAuINAY 3.75 B3 anwomafiunasninaue lifinsusudedulunussuiuguen 4
UL eRAUASIAWINRY 50 o9

dmiumsaiisansoiniaaie adafies 1 Section Fsflvunamindy 24 ssduszney uayly
Power divider wuu 1 fio 24 ileteudynaluusazesdusznoululunssuivguniig &

ANUTENRUT 1.43 HANINAROUTATIVYNYVBIEIEDINALIEIRURUUAIFUTWIA 1X24
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29AUSENBULANYINAU 19.2 dBi TANUNINNAAUATINIANYINAY 4.7 9A1 A9N1NUSENBUN
1.44
dsu

2 9=

UNANILAND N1T0RNMUUKALAT19E188INALDIAITULUUASIUIUIA 1X24
29AUTENBU LOMTIVEEYINAU 19.2 dB JUUINNINARUATINAIINAU 4.7 99N hazUsuannau
angormeandliihdeliiesideuaniinuasidunnouiiegs fanwaezlu Steering beam

= U o dl ! U
antenna ANUALLRYATBINITUIUAIARUYNINY 3.75 DA

I

I,

) AUUU ) AU

AMNUsENauU 1.41 lamaaneann1ekaansuuin 1 a9rusenaululusensuinass [11]
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Radiation Pattern(dB)

Radiation Pattern(dB)

-50 o 50
Angl(eagdeg.) Angle(deg)
n) JURUUMTUENE I UlULWITEUIULNNIA ) NMsuFuaedululuIsTUIULINIg

AMUTENBUT 1.42 HANTIEBIFULUUNSUANG I [11]

—— Un-compensated Phase - Simulated
—— Compensated Phase - Simulated
—— Un-compensated Phase - Measured
= Compensated Phase - Measured

90 75 -60 45 30 -5 0 15 30 45 60 75 90

Theta (deg.)

ANUSENBUT 1.43 AULUUEIEDINIALDY AMNUsENOUN 1.44 Han1snandlazyageuy

aRuLUUAIIUIEIN 24 BeAUTENRY [11] VBIFURUUMSUANGSY [11]
1.7.6 SAR Experiments Using a Conformal Antenna Array Radar Demonstrator [12]

UNAINUT UNLAUD N1T99NLUUBASWRIUNANEDINAIALIIANA U wuumgy
(Conformal phased array antenna) @ wiuiduanseinieaiuniil (Antenna front-end) dmsu

Taluszuuisans SAR



1)

2)

34

N1392NLLUUAIDINTA

ganuuUaIEINIARMIE T URUIUAIIY TdnvarlAuduuinidnuns Tukuissuu (xy-
plane) HdnaI1UAMULAUDIIWINAY a/b=4 (Axial ratio) @1801n1AADUTTANTAY
Youn iosandesnisadslildsfoaiioufindamuuudnuosennieeny

mammﬁLm’sé’wé'fml,wmguﬁ USZNOUAIBLEIAIAUERILUULTUEY (Linear sub-array)

71U 30 IENRUH DY NINIHLUBLUILAY Z TILAALLAIAIAUEBEUSENAUAIE &

I
Y

29AUTENDU YNIUVUAINUD 9.4 GHz fan1Usenau? 1.45 TanwasNUsEnaun8Tu
Copper foil 3avuFUvaliLLazA WUTENOUN 1.46 @1891NALAIAIRULUUAITUN

i 30 umawivges lnggnldegludnnesniivuinsminiulawriniu 83 mm

AMUsENaUN 1.46 ango1niAuadaduluuAdgy [12]
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N15371889LASNAFAUINATNISIALNDS

msnaaeuinamsinesiddyresasoinia lagldiadesdinsziilasetne
Iuiveaaumdulszansnsaziion uazan Mutual coupling Sewinawanasuges (Sub-array)
NansVAdeUShIEneReniluaadugeeiiawinfy 12 dBi Srwiannunitsdaduintu 17
93¢ HANINAROU Mutual coupling SewinsunIdiugasd1adeslifiafisifian Isolation

Uszanas -20 dB wawAn Isolation 5311119 Co-polarization (Horizontal) wag Cross-polarization

'
1o

(Vertical) #A1#1n31 -20 dB

NISNAFBUAIEDINIAIUSZUU SAR

dmiunmsnaaeuldauaigeinianiglussuuisms SAR arganAgnAnasuY
grIUNIUE sannusznaun 1.47 Tuszuuldanseniasunazdsrduiduaiganiadina gy

wazlatuusudeaunelninaielrsasidauma

ANUsENOUN 1.47 @8N ALMIE R ULUUAITUINRARIULENUNNLE

o o 3

unaudaue aeemandviukuuasgy THduaeeinadmiussuuisnns
SAR angonansenwuuiidnuazluldndugunsns Ussnouse 30 umddugeshuududu

LHATLOIARUEREUSENBUMY 4 89AUSENBU MIORNS1IWNeWIndu 12 dBi Aendiwaldsugey i
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YUIAAUNTNEIAE UTITU 17 89 Tuwanisinanlsduuudadu An Isolation S¥wing
psAUsEnaUTiAIAINGY -20 dB uawA Isolation senitauwalwanlsdilansing -20 dB maemvn
FasosmlunnszuugunIngULuUMsIndanuiiuialaundniia Ripple Fuidunauan
NITALIIAVBINDIAIAUEDY WaIN Mutual coupling karkaaINNSITHIATEU d1195UN"T
MIUVBIEI8INALlLTEULLIANS SAR angeiniausudIad unisliiingae 29958 eulals

ATOUAGURS £70 DAY

1.7.7 ﬁ?Uﬂ’ﬁVlUVI’J‘IJ’JiiﬂJﬂiﬁ&I

UNAY [6] DONKUUEI8BIN1AGINSUTEUY SAR 1 uattenavi o ndy
nsenszuenUanadn Whsnswenawiiu 7.20 dBi flawnenuniiseduassidavindu 72 agm
a¥19a1eaInIATULaZdLENAY 1R eanra Mutual coupling 5¥319a188101¢ @1881n7Adl
Snwaranaunsil (Fixed beam antenna) Tun1sviauniglussuusms SAR 4n1susudnduy

1% P a 44'
n9Na IageINFARRUNUUIILaDU

) [ 4 [~ o

UNAINY [8] DBNLUUAIYDINIAAINSTUTEUULIAS SAR WUA18DINIALDIAINY
WUULT AU TADRII9818WINA U 9.87 dBi @31981881N1ASULAEAIweNAUNULioannNa Mutual
coupling sevIv@IgINA N15VUlusEULLIAS SAR Tdn1susuaindunisna Taieeinia

LARDUNUUS19LADY

unAY [9] 9enuuUTEUUATIUTRguUanUasufieg uuiuinislsweseinie

[

#1U YaUULANLA Millimeter wave radar (76.50 GHz) angerniaiildauluszuuasiaduing
wlanUasuilaesriln Ao @soiniFuaaduLHuaiou JoudygiameaiueiniAgesy (Feed
horn) Tigns1vgnewiniu 39.00 dBi dwwinislnalsduuuidady dmsuldivlugasaisuuun
IBUAU Uag argeIniAluvasvisusUnsluatliensveevinhu 39.50 dBi duu1nAunig
AduAsfAainAy 1.6 eem fuumstnanlsduuudadu Tifulugasnsuuudisning dwsu

n13veuYetatseIn1Anglusruuil argeiniAgnAnauulsiames LNeYINITAWAUN AT

ADIN1T
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UNANY [10] ANYINAINNNITIAIE18DINIFALIEIAU N1SYINlRE18D1INFLA7

anulAade TnavividIAduYesEEaINIANTINAUY 138N d1gnIALIIE R ULUUAdTU

UNAY [11] u‘”]Lauamsaaﬂa’lstmmLa’ga"w‘i’UL.Luumgﬂﬁlmuuugﬂ
nsanszuen dwsuldfussuuiaans Sufosmsiiufiaseunquitvan 360 asm Fdldoonuuuiiu
SNYULNIUAUNTINTLUDN DOALUULATIIABIEIEDINIATUIN 8X96 DIAUTENDU WAASI9D3S
Womislumedurosansenarsiunievuin 1X24 asfUseneu Tsnswenawiniu 19.2 dBi
flaunauniedIrdumingu 4.7 99 ageinafiviaueausEUuLSsag Ine3susudinay
W”LWWW’T’JEJN%L?{WLWaﬁﬁmmazLﬁmgq aunsausudnduaziBends 3.75 aarn Sednwae

YD Steering beam antenna

UNAMY [13] eonkuUaIgaINAdnsUsEUUEAS SAR WuagenALaIansu
wuuAsIUTTvwIe 30 wadrdnugesdudu luwdazuaididugesusenaunie 4 asrdsenay
awonafidnunzldsfadugiastdarng Gamsiivinliaseneldsietuusnanazdieia
PUINANUNTIEIEIRAULE iflesiasaiiouiasenniamuuudniemsvenaieadu T
Snswenawiiu 12 dBi dendeuaidiiuges Svuinanuniedipduwiaiu 17 s n1svieu
yosaanaluszuUldIaUSUandums i seldssdouna waziinisuSumsdeunseua

LLUU Beamforming

ASAATIZMTIUDITEUY

UNAY [6] hazUNAINU [8] WAZUNANUBBNLUUA188INAAI NS UL I USEUU
15915 SAR @ea N A uUSNuaaIAaUAIN (Fixed-beam antenna) satuldn1susudIAaunIg

N WDAWLNUNUNIALRAAIE18DINIAUUTIADU

unAY [9] dnaueszuunsiaduingwlanlasunsudmsun ui n1aag
anvonantdaududnvuzainaunsi (Fixed-beam antenna) wuiu danuldnisusuainau

PNINALUUNNAUNDALNUNUN L ALRAGIANYDINAULLTALADS
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NATetaznsUSUaRA UM A WIUN1SUSUAIAAUNI9N A LT BIRINABINNS

'
I a

PNLUUTEUULIAINTITUTRguUanyUasulugluuy szuuiiegile (Stationary system)

Y

=

angoINIAkazaUnIalinegninRIuuensvised e ludinnafeun dwunsldaeeinie

&

ldnuazdinauni wazdadldnisuiudeiuninadeldmineiussuunsiaduinguiandasy

IO RRIRIT
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Ref Application Type of antenna Antenna properties Type of Beam scanning
antenna beam method
[6] SAR Open- ended Circular | - Gain=7.2 dBi Fixed-beam Mechanical scanning;
waveguide (2.45 GHz) | _ ppg\ = 72 deg antenna Rail
- Linear polarization
[8] SAR Linear array antenna | - Gain=9.87 dBi Fixed-beam Mechanical scanning;
(2.45 GHz) - HPBW = 24 deg antenna Rail
- Linear polarization
[9] Radar Printed reflect array - Gain=39.00 dBi Fixed-beam Mechanical scanning;
(76.5 GHz) - Linear polarization antenna Rotator
Parabolic reflector | - Gain=39.50 dBi Fixed-beam Mechanical scanning;
antenna (76.5 GHz) | - HPBW = 1.60 deg antenna Rotator
- Linear polarization
[10] Study Conformal antenna - Linear polarization - -
array
[11] Radar Cylindrical conformal | - Gain=19.20 dBi Steering beam Electrical scanning;

array antenna

- HPBW = 4.70 deg

- Linear polarization

antenna

Phased shifter circuits

39



Type of Beam scanning
Ref Application Type of antenna Antenna properties
antenna beam method
[12] SAR Conformal array - Gain=19.20 dBi Beamforming Electrical scanning;
antenna (9.40 GHz) - Scanning coverage = +70 deg antenna Phased shifter circuits
- Linear polarization

Proposed SAR Conformal antenna | - Gain > 10 dBi Switched- Electrical scanning;
antenna array (2.45GHz) beam antenna | Phased shifter circuits

- Linear polarization

- Scanning coverage =90 deg
- Constant gain property
(Gain reduction < 3 dB)

- High directional accuracy

(Beam pointing error <20%)

40
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N153LA1EMTIVBIE18BNA
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1.8 Uszhuiae
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13A15MIsEUY nanfeldn1susuarduvesagonadun1susuanauneliin ununis
JFudnduniena
3) lagUnAaIAUYBILAITAUNTIUTIANIRRINAUTEUIULAIEIAU J8RT1VeT8geEan WaUsy

v a0

AEn19v09871Aa WU TUAANIIVUIUAUBLITEUIUVDILAIAIN U DATIVEEVDILDIAIRUILIIAT

(%
=]

anag Lﬁ@ﬂﬁﬂﬂgﬂLLU‘UﬂﬁiLLﬁiWﬁN’m%m@ﬂﬁUi:ﬁﬂ@ULﬁﬂ?ﬁ%ﬂﬂﬂﬁ’]ﬂguﬁLLﬂU [13] U3T8d
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YBINFINUGIER VIS 3 dB
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5) PONLUUANEINIALAIE R ULUUALTY a1unsausuandu 7 Aevnd (0 83A1, £15 8461, +30
29F1 AT +45 89AN) LATLAIANNARIALARDUNITTNFANINVDIAIPAL AISIAINUAAINLARDU

TAlaiAu 20% Y99UUINANNNIEIRAY [14]

Aa. [

1.9 s2U8U35998

[

NUITBLTULINIINTANTUNUYDY A1TDBNLUY LAY @51981801N1ALEIAIAY

[

wuuAssyU dmsuszuuisansnsaduingulandasy dfadl

1) A1TNUMUITIUNTSU (Literature review)

NSNUNILITIUNSIAEINUNSIIUEIgINATIgnIdaulussuuEas wasfinw
wialulagszuunsraduinguuanUasuildauludagiuaelueiniaeiu sauludiangssdeu
TaUsAuveIeINIAYIY LHBIINAIERINTATIoRNLUUAMTUSTUUATIITU TnguuanUasuiiy Jv

ihluuseyndldivenmaeusely

2) AL DONLUU LALINADIANYDINA

N153LATILN KA BBNKUUAIEDINA Lagldaun1sNITAIUIUNUFIY TIUAY

TUsNSUINaRIPAULImAN TN

3) M13a319 WasUSUUS wasvndauaneeInIe

n1sasne Puluinsusulpmeemamelvidaudnvueauneonkuy dmsu

gunsaiiildanu lawnie3es LPKF Laser & Electronics dmsunisiiuianevasaneainie

nsnageuTaAmsfiwmeiiddy neldnecdatunauudmdnluiinlgadu
avviou (Anechoic chamber) l8uA ANduUseansmsaysiou (Reflection coefficient), ULIAAY
NIUUUALS, JUKUUNTUHNTZAN8ANES (Radiation pattem), 89519818 (Gain), YWIAAIIUATIS
YOIANAE U (Half-power beamwidth, HPBW), uan1siwanlsd (Polarization), A1 Mutual
coupling tJusiu lneilgunsalnisvaaay 1w \3asiATeRlAsatte (Network analyzer), 1A3eq

AATwaUnasu (Spectrum analyzer) wag ww3ssniilndeyeyal (Signal generator) tUudu
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anunseazunszvaum e dulaezunsuldnslunimdsznoun 1.48 Jauanuans

2 O o . o a
WuIunaunie flow diagram WagNIAINUAn

Literature reviews

v

Antenna design and
simulation e Laboratory

v

Antenna fabrication

FOD detection technology
Information of HDY
Antenna in SAR system
Conformal antenna array

1. Literature
reviews

5. Antenna
experiment

2.Antenna
design and

Antenna design
by initial equation

Proposed simulation /o EMW Simulator
Parameters antenna

 Z e  S-parameters

e Radiation pattern e PCB Material
Antenna e Antenna gain ¢ LPKF Laser &
measurement 4. Antenna Electronics

e Network analyzer measurement 3. Antenna

+ e Signal generator fabrication

e  Spectrum analyzer

Antenna experiment

n) Flow diagram ) HIAIUAR

ANUTENBUTN 1.48 FTUaLhUINIINITIVY
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Tuuninanifs nqufuasnannisidfyuwazifettaeiuiuidy Yssnaule

V9B kAL NITAMUIUVBIAIYBINA, NANNITVINNTUTBITZUULIANT WAZANNITNITAIUIUAIN
2.1 g1weIn1AunNg (Patch antenna)

AN89INIALUULNNTNT ® Patch antenna fianwazlasias19983a18810A
Usznaulumpasdausznauiiugiue 1. druiduldudind w3e138n11 Patch 2. uluszuIu

3139 (Ground plane) FaueNeaNINAUAIY 3. TAAFIUTBY UTDLTUNTN Substrate NHAIAIHT

ladLanmsn (Dielectric constant) HlAT9E519U09EN Y INALUULNNTUAAIAININUTZNBUN 2.1

h / i

Patch

r%;l f"f

£
£, Substrate | r Substrate

Ground plane Ground plane

n) ¥iindmasy (Rectangular) %) ¥iadanau (Circular)

AMNUSENaUN 2.1 1AS9851981891nALNNS [15]
2.1.1 A1599NLUVEIEINTALNND (Patch antenna)

ANNSUNITOBNLUUAIDINIALUUBLNNTY (Patch antenna) aLb3491NNNSATUIN
=]

AMUNINILATANNENIVDITULNNT NBUAILITAAILIAULFNEUNTST (2.1) kag (2.2) Amuaiau i

1ASIAS19ENIRININUTENBUN 2.1
AUNITATUIUANUNINVDILNNT FIauNT (2.1)

1
w (2.1)

+1
zfcv Ho&o = >




a5

AUNIIAIUIUAMUEIVIIULNNT AIaNNT (2.2) LTUBI9INNATDY Fringing field i
Tvuansliivesangemaunmddivunalrgnitvuianisnmenindindudussey AL @150

ALIULAGIENNTS (2.3) WARIAININUTENBUN 2.2

C
L=———1——2AL (2.2)
2fcy/€erf
c.er +0.3) (2 +0.264 (2.3)
AL = 0.412h (eers )(" )

(eerr — 0.258) (X + 0.8)

ANUTENBUTN 2.2 S28EAMUNINNLATANNENIVDIWAUFIY USawnnTuladinasy [15]

Patch

ANUTENBUTN 2.3 AUTIVBIANYDINALNNG [15]

aurnliirAiiaanargenidlnndu aunulndl19 wannasau azliianag

autane Wesanauuliiunsogluasdinarsfianeaiu dude enAkazTangIuTes

(Substrate) vinliuintdu ArreddladidnnsndusinsUsed@nsna (Effective dielectric constant,
= a ' Y] ° Y] a & %

Eorf) BUAATENINNDINIALALTANTIUTOY AUNTAAIUIUAIEUNTT (2.4) lagh W AoAIuNIN

YBIa1w9INA (Width), L ABAMN813U83a188101A (Length), h ABAIUNUIUBITAAFIUTY



a6

(Substrate), f, fiamud (Frequency), &.5; AarAsialadiann3nduinsuszdndna (Effective
dielectric constant), &, AnA1AIA2lABLIANAINTB981NA (Dielectric constant in free space)

uay &, AoAnsiladiina3nduinsuestuiangiuses (Relative dielectric constant)

e+1 & -1 1 (2.4)

Eeff = +
eff ) 2 N
1+ 12;

2.1.2 msUaudeysyrau (Feeding methods)

n1sUoudygiu (Feeding Methods) TiuatgonIALuULNNY Taeaie
fyaimtnfdnemdanuliug anserniaunnd Tnsanethdyyrondutadeddyfidma
nsznuAuandRveaigoINa JUkuunsdeudygiavesatvoniawnndil 4 yinde arglaue
A Ealnsu (Coaxial probe), n1stauluuusznu (Proximity coupling), N1stounuutewln

(Aperture coupling) wazanelhilasan3y (Microstrip line) wanasanmusznaudl 2.4 auddu

vl

Dielectric Circular microstrip

substrate patch
EJ’

Coaxial connector Ground plane

n) anslaneALiaalnsu (Coaxial probe) ) Matdouluuyszau (Proximity coupling)



ar

[ £y Substrate

Ground plane

A) NsUausuuYaatn (Aperture coupling) 9) enelulasan3y (Microstrip line)

amdszneud 2.4 msteudygiavesageniaviannng [15]
2.1.3 nsinanlsgvasargorniAunng

nstnanlsdidund sluqudnvuzvesatseinia 7 uansauandives
aunuuman i ﬁa’%meﬂugﬂLmumim?iauﬁﬁummmai‘ammiw%f’"fwmmLLazﬁﬁmq Fauus
Tusnunan deuseneulusie 3 waalaun 1. wwamsiwanlsduuudadu (Linear Polarization),
2. hwnslwanlsguuinenau (Circular Polarization) wag 3. kuinislwailsguuuass (Elliptical

Polarization)
2.2 d1891MALAIAIAY (Array antenna)

arwenanaluidnvaziiuesdusznauiien (Single element) Feiamaud®
YOINTUANG 991U TUA5NI19 (Beamwidth) @evinlwens1veny (Gain) LazanInanzasnANIg
(Directivity) fiAnen @eldmangiunsldanuiunuuisdssinnfinesnsagennaniensveey

a9 wielvianunsadelaszeynieiilng wazlinnuudugigs F8Msudns1veevedagoINIe

¥ '
e~ a

Ml lAs N5 uUIANII N1 vesa1891n1@ (Electrical antenna size) #380 N6 U WA

Usgandna (Effective aperture area)

u@ﬂ’ﬂ’]ﬂﬂﬁiLﬁiJ‘Uu’]ﬂVH\‘iVLWﬂ”I“U@Qﬁ’WQ’Wﬂ’WT Ao NSNIIUINTRIBIAUTENDU

FU3UN31 WMEAU (Array) YW NN TINEI89INIALAIEIAU LHAIINAITTINNIINLADS

a

YDIAUIUNTHANFINUVDILAAL 89AUTENBULAEITU F9TT9380819108 5 Usen1saenuiiay



a8

AIUANTUINVDUUTUNTUNNAINUTDIUIEAU TolA 1. N139AL58909AUTENOUTDIAIAGU
| v a A < v ] s

U LEURSe 1nau Awiden nenau i 2. szesinsvetesduseneu 3. auinvasn el

Mouusaresrusznau 4. waveanseuanideuusazesdausenau wag 5. LuusUnIswsiEe

YDILAATIAUTENAU [15]

2.3 d1891MALA281AULUUIeNaY (Circular antenna array)

= o

&N801NALIIEIRULUUIINAN Ap BerUsEnauvBILmIaRUiin1sdnS el
SNWULIWIININEN (Circular ring) A9 IMUsENBUN 2.5 Feanveiniasiiailiinisldauegng

WINSVIANY LU NTAUMT TEUUNITUINIG 15015 wazlasun Wudu [15]

Y

x
ANUSENEUN 2.5 @1881n1ALIEIAULLINNEaY 91U N D3AUsEnaU [15]

PMNAMUTENDUN 2.5 LARISN WL YDIEIEDINIALAIEIRULUUINAN N1196 U

5818 x-y Usenaumie N eeauseneu datsaeinulussesieiivindulumugiulawesienay
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a o

AN @ TeesAusznaua1duil n dedwndsulunisdmsesnsdnsesdndu ¢, uazlisad
Winiu a laegaunsadsuaunisusualsgvesauulniile fsaunis (2.5) lnef a AesAllveg
2anay (Radius), R, Aossezainasnlsenaudnui n ludiganaula (Observation point), N

a

AeduauesAUsznay (Number of element), ¢, AosuniayuvosesdUsynouaduil n A
VW n
Wy ¢, = 21 (E)
N
En(r,0,¢) = Qn

n=1

e_ijn (25)

Ry

ANUIUAT R, Sr82v098aunaIn U n lUdigaiiaula (Observation point)

s udlansannig (2.6)

R, = (r? + a® — 2ar cos ) 1/? (2.6)

N3N r > a @unsaleuaniule deauns (2.7)

R, =~r—a(@, a,)=r—asinf cos(¢ — ¢,) 2.7)

a,:a, = (dx cos ¢y, + @, sin qbn) (2.8)
- (@, sin@ cos ¢ + @, sin O sin¢ + a, cos )

1
=

1NAUNT (2.5) @arwnsalsuanglaunisvesauiuliirlansaunis (2.9) s
a a =~ N = A o a &
auufdivuinvetueundyainisdeundandu R, =~ r laefl a, AsArduuszdni ves

I3 o v A v a A o | ¢
29AUTENDUANNUN N (UTZNDUAIYLONNAYALASING) LAY ¢, ADAILAUUUDIDIAUTZNOU

AU n dawidu ¢, = 21 (%)

—jkr N
Z a, e+jkr sin 8 cos(¢p—¢y)

n=1

(2.9)

En(r,6,¢) =—

dnsuAduUsransvesesrusenouluddun n Asauns (2.10) lne? I, Aouou
wagavesnszwandauliiuesdusenaudidui n uas a,Aawavenseuanteulviu

I3 o w a
29AUSENBUAINUN N
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ay = Ipel® (2.10)
1NaUN1T (2.9) wag (2.10) arwrsalsuaunisauialnirlugvuuuvesdn
Usznaulna1nu (Array factor) A9aunIs (2.11)

—jkr
e [AF (6, $)] (2.11)

En(r,6,¢) =—

AUNIAIUTENOULDIAINY (array factor) LaPASELNT (2.12) Iaehl I, Asusu

wagavesnszuaneulinuesdusenaudinun n, a, fewlavesnsswandeulviiuesduseneay

o d‘ A dll 1 U 2
A1PUN n Lag k A9 lauAal (Wave number) tnnnu k = 7"

N
AF(G, ¢) — Z Inej[ka sin 6 cos(¢p—¢pn)+an] (2.12)
n=1
a, = —ka sin 8, cos(¢py — ¢y,) (2.13)

N (2.19)
AF(6,¢) = Z I, ekalsin @ cos(@=n)=sin 6 cos(o=br)

n=1

Relative
magnitude

x—z plane (¢ =0°) y=zplane (¢ =907

————— v~z plane (¢ = 0°)

—— — — =y — 2 plane (¢ = 90°)

) @UNRA ) @09iR

AmUsEneaui 2.6 Uuuunswdidslugy 3 fRvessnuseneudsenaulasau [15]
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aun1s (2.14) WuaunsiusenouLna IR UTDIEI 881N ALAIE A ULUUNNAY
(Circular array antenna) ¥ua N asAUsznauiifssezrassminaudazesdusynouwiniu dalay
&N (Main beam) szt lluiirma (6, do) Faaritloulifuusavesdussneudannis (2.13)
waneegegULuuMsiiasnulugUauiifuazaedifvosuaddwiuawng 10 ssrusznau 1lu

anweug Uniform circular array nviua ka = 10 Asnmdsenoudn 2.6
24 mammmmaé’ﬁuwumgﬂ (Conformal array antenna)

#1891NALAIARULUUAITU %38 Conformal array antenna H5ULUUHUFIUAN

NA1YINIALIANULUUIINAY (Circular array antenna) LEILAANEDIAIALAIEIAULUUAY
S o v & a &< ! A <) Aaa [

FJUUULANBAZNITININUVUNURINLUY Non-planar Na1AoLUUa189IN1ANNNNITINI AL

HuRIveIgUNTIeg tnsangeniaviadnisldeuegrsunsvatsy wu Wudiuniwesasedy

a \ P A a & v
guNIUE, 159 sulUdnAIealusu Wusu
2.5 15a1% (Radar)

2.5.1 HANNISHIIUVDUITAS

= i . el targe
‘ driver ' v‘ modulator ]——{ oscillator ! S o
I} /
T T ? echo
{ control H PSU i1——| RS __;F =
\ i - - \Q\. clutter
X D

LT TTT T T T 777777777 777777
PSU = power supply unit
TRS = transmit-receive switch

receiver

AMNUSENDUN 2.7 SEUULIANS [16]

L15A15 139 Radar 811910 Radio Detection and Ranging tJ utnalulads
aunsaTEYIuauaEsEaEn1eingle tngldnannisvesnsasvioundureseiiu lagwn3eds

Iodsndundiantviiunsluluussennie wavia3essuaunsasudyg uiinainnisasieuain
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[ [~ Y [y 45 e‘a" ) £ 1 1 a
1919 (Target) LUy 1ad Echo nauun szmz‘uuL'imi‘wmmﬂizqﬂm‘immamqLwamsJ 919
WU N9AUANINIIT (Military), vinena@enu (Air traffic control), Manzia (Marine) Laza1u

gnfleingn (Metrology) 3MNAMUTENBUT 2.7 LAAIHIBENNTYINNUYBITEUULIAIS [16]

2.5.2 @un15,591% (Radar’s range equation)

Incident wave
Ry

Transmitting antenna
Py, Gt, Dy, ecar, It De R2

Scattered wave

Receiving antenna

B Gr: Dy, ecar, I, Or

JUN 2.1 wanansiimesvesniads 1Ay wagdngdwinng Tuaunisisans [15]

'
6l o w (% a

MAFUDNIASEAEdInTY P, fiderhdsndundmdnlniiosnundessasnng
R, 9113 03dusns wasdannuvuiwiuveaiidslelenseln (sotropic power density, W,)
Tngauufageiniainfiinsunsnszaeaduduuuunsnan (sotropic pattern) aglddsaunis
(2.15)

— P (2.15)
4R, *

o

AUAUILUUAF U UENNTS (2.15) Wunsaldiduaigennidluunsenay

(Isotropic antenna) f85¥8gn19 Ry Feialuuarageiniafldlunulumaluladisnisazidu

[
= v

A1891NALUUL T ANIY (Directional antenna) AaNali A UNUILUUATS T ULN LT UA 2

MINVL1LVRE180INA G, @NsadsulansEnnig (2.16)
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_ PG (2.16)
47R,*

Wi

v
v A

snsvgrevesargeniAtuiandudnsdiuvedlaunan (Main lobe) iguriu
ANUDINIALUUNTINAUNI B isotropic ATANVIAY 1 FadurrnisdinesisiukaroeriAI
gadenigly anansAuinlaannAanIniagasfianie (Directivity, D) wagA1UsednsaInsiy

Y83a18971n77 (Radiation efficient, e;) Avauns (2.17)

G=e. D (2.17)

1% '
[ (5% Y

° P ¢l a o = & A ¢
N1 QﬂqumaﬁﬂaULimq3Wﬂ33LﬂﬁﬂqﬂijLﬂTwuqﬂ VUBYAUNUNANVINLINTT 1538

U

Radar cross section (RCS, o) Faiduaniiuansaruauisalunisazviouniuvesingidmung &

¥ '
A =

wiraidunun m? a1 RCS Fuagiudadenan 6 Usznistawn 1. vliavesingiln Tngindu

9

lanedouazviounduldfninld wie 2. sUsvesing JUseiuuusvasisurdulafndiduing

= v A

N3INax 3. I0ARISEY Azasvioundulinszdanseaty 4. vwnveding Fwundngilugniiag

AxyauPAULAANIT 5. AAN1VBIAAUE MNRIRINITALTaUAAUNAULUNILIANSER nlissannay

1

Llagvioundulunisans 6. arudveunIosds ANudNanIdinarevuInveInsazyioundula

AN AatuAmManuningasdulavasnszsidminingdmunedaannis (2.18)

P -G P,-D
P=c-W,=0——=¢ 0 — (2.18)
4R, 4nR,

AMUNUILUUANFI9UT LA 1nA1ASUTASU B AunusaseIn1AanIAsy Wy
anunsamualansauns (2.19)
W— PC — 5 Pt'Gt e o Pt’Dt (219)
=—C —g.—L Tt _—p o ——
° " 4nR,? (4nRiRp)? " 7 (4mR;Ry)?

=

a1991n1ANATUIN UN UseanSnane A, wazgaduideaudlaainaany
PUIUUASINUANIASU W, Asaunas (2.20)

Pt'Gt'Ar Pt.Dt.AT (220)

P=A. W.=¢g ———T = L
P A S T 0 R R)2 T U 4nR,Ry)?
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AunN15veIN Ul Usednsnavesangainia 4, arursadeulieylumenves

9M519818 G Laeaaunis (2.21)

AmA, (2.21)

G = =

NAUNIT (2.20) hazauns (2.21) ¥ lRaunIsANUFUNUSTLNINNFId9970
AAFILAENAINLASU 91NN1ASUTUMBNVDIINSIVL18VDIA18DINIANIAAILAEAIASU wazlu

WBUVDINUNUTLENTHA faaduns (2.22)

b Gt - Gy - 2? D - D, - A? A - Ay (2.22)

= €cqtear0 T3 =0 —————
AT (4m)3R, 2R, ATTA2R,R,>

P, (4m)3R,%R,?

1NAUNTT (2.22) UNITUAUYAFIVVEAT signal-to-noise ratio (S/N) Inel

AMGNUNTULATITER Pgin WAZIZEENIIZUNUGIETZEEN T NATIAVRINUNATEUAGY

q

Rinax Bianansamlaainauns (2.23) Fsluaunisid angeinmiasuuazangeiniedsagludiums

WU Yuhe Ry = R, = R

oty G G2 A - A, (2.23)
max ‘ (4'77:)3 : PRmin 7=

[
(%) [

ANTEIENNENEGA Rypgyr TURYAUMAIUAIDINIAAD Py UaZAINIAGAYING
Yo sazvieuveringiiiminetsans (RCS, o) Ineilidnadimvaesiniing dmsvaunisdusgiue

ANENMAAY ALADUTNLANUT UL DU BI2IN ﬂ'ﬂm’mmmﬁmaaﬁLLN@@Q’Luﬁqm@ﬁmmm@uaa

v
= Y

n19n5%434 (Scattering cross section) laiduiu (fesarnidunisnimesuiens sl uee fu

e &

AMUDMIeTWuegiususnvesingidmang alewme il

Y

o o

MMSUNTITUTE UNUUVDITLIZUDINUN

=),

Y [
(K% [ a v A [

ATaUARUANTURY fuAIAURTNITIAg TR UANANYENd AN ABINasUall 1. §n51vene

o

YBIANEDINTA 2. ANNITAANDUYDINITHNTNTEINUARU KAY 3. ANNIARAYINNVDINITALT DUV

[

ToguUnang (RCS)

AUNTT (2.22) WAASALNITAIUAUNUSTEWINIAIIFINNAIAFILAL AN AN LA TU

nA1A5U Y ndgulumenvesAn@nInianzad (Directivity, D) A1USEENSANUDIE1881NF
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(Radiation efficiency) LAYIIUNAVDILUILNATLSD (Polarization loss factor, PLF) Haa1nng
asviou (Reflection loss) WARIAIANNTT (2.24) Wlaanga @Al lnalsdwundnu @a1u1sadeuan

JUvRIINEaNNTS (2.24) ladsauns (2.25)

P22 (2.24)
= ecqrear(1 — 015 (1 — T |H)o m |Dw * Drl?
1 2

GGy A? (2.25)
? @n)*R2R,?

] BasJiac] Bt

2.5.3 ANSATUIUNUNANVI1W5ATS (Radar cross section)

WUN A AVI195ANS 5 Radar cross section (RCS, o) 4 4t UA1N WA
v = o a i 2 & Ao w ° '
ﬂ'ﬂ’]ﬂiaqﬂqiﬂT;Uﬂqiagw@u@aumaﬂijLﬂqwﬂqa URULLUUNUNN1AIEDY LLamGHE]EJ’N’gUVIN L e

AUN1INIIATLIUAT RCS UDIFUNTIA) 619915197 2.1

a o 4’{’ ) 4 I
13191 2.1 NITANUIUNUNAAUINATANTG Iugﬂmamm

5UN39 gnIN1SATUIN
SPHERE
== - _ 2
PR
N59INAN
CYLINDER o2
‘> = Omax = — 5
7159052 UDA A
“”;L__”Eg AmTrW 2 h?
‘5-———-3— o =—
— STUIU max A2
TILTED PLATE
é AtrW2h?
ﬁ_____ o _
SYUNULDYY max A2
CORNER %I;edral
— — mer
;—:_E? Reflector 8mrW?2h?
w_ﬂ . Omax = 12
e EGEN L
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JUN39 gnTN1IAUIN
Omax = 535
| max ~ 332
Miyuagiou anshe
12mL*
Omax = 12

Y o a A
AIYUNFSVIDU dnaad

[k 15.67L*

Omax = 312

RFGGEER BTN

2.6 msﬁ'lmmﬁuﬁﬂsamqu (Footprint coverage calculation)
ANSATUIUIZELNA1EBINABLNINTEINYAFY FENIITUIINAIIUNINAAUAT

MdsasaeeINIe JuuinAun I iiemeaINIsanTaUAqUNUNTfdoINTle

2.6.1 MsAuINNuNATaUAgalulUITEUIULNYN

a

NSAUIAUN M TZEE N8N AILLNTNTIZABA Y 1B 898317 (Down tilt)

LAEUTIATEUARLYBIENEDINA FaTUBEIUANUNINAIRAUYDIEIEDINA AN NUsENaUN 2.8

Y

1%
=1

dmSumsawiauivdmsuatgenieds lielinseuAguTuinifeIns AwEunis (2.27) uag

SadvaauasauAuansluLazNEUENAIENNT (2.28) Uag (2.29) mudnu

A11130AUIUNTIIITLRBSE19Y Lnsaun1siolul Weh Apgwnrie AONNLDES

VBIAIYDINTA, hy ABAIINGIVDIARINARAY, hy ADAINEIVDIA1ERINATY, d FOTEEhig
! [y ! A o oA & A A o oa & A
FENINANLNATULALEY, Epyer ADSANNUBNUINUNATOUARY, Eipper POTANIIUYDINUT
ASOUAAY, BWgieparion ABAIIUNINAIE1IUATUAT INEbULLITZUIUYLEN (Elevation

beamwidth)
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Antenna Antenna
DownTilt
BWElevatio
Antgafa
f E‘_ inner —>
ST . E < Eouter ::
l: d E )

14— Elevation coverage —;

AMUTENOUN 2.8 MIAUIUTEELLBYUALNUTIATEUARUYBIANEDINA

h = hr — hg (2.26)
h
ApownTitt = tan~! (a) (2.27)
g h
inner = : (2.28)
- tan (90 - ADownTilt - BWElezvatwn)
g h
ter = - (2.29)
e tan (90 - ADownTilt + BWElezvatwn)
Elevation coverage = E,yter — Eouter (2.30)

2.6.2 nsAINNUNATaUARNTULUITEUIULINIIA

1% ' ' '
a

NSANANUTIATOUARNTIAARUYDIAEDINIALNINTZAYAREI UL S UIULY
N9 (Azimuth coverage) FaiufinTauAauUuTULY uAINNT19vBINMFIUATIAAUTULY

FEUUYUNIA (Azimuth beamwidth) WaRIFININUTENBUTN 2.9 F1UITAAIUIUNIANNINVDS

(% (% '
= =

HunnaaduAsauAqulusTEUIULNNIIG AEUnTs (2.31) lae?l Azimuth coverage fg Wuf
ATauAAuluLLITEUIUYHNIIA (Azimuthal beamwidth) ke BW imuen ADAIUNTIIAGUAT

o v

MATlULWITEUIULNNIIA (AZimuth beamwidth)

2xtan(M)xh

tan(ADownTilt)

(2.31)

Azimuth coverage =
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Y

< Eouter

YLYoLY

T o
I

Feeeecaa

Azimuth
cove

«— Elevation coverage —»

AwUsznauil 2.9 wuiiaseuagulukuszuIULLnIN

2.6.3 diqU
uniiaus gufiazrannis saludsnisaunisauneingg feedldneluidel dell

1. QU] WAZEUNIINITOONLUUAIEDINIALNNG

a o au Sa o w = v
a']ﬁl@']ﬂ']ﬁmu’]Lauaﬂqfﬂu’Jf\]SU?‘I@ F1UDINALDIANAU Qjﬂﬂﬁgﬂ@ﬂlﬂﬂ'ﬁﬂ

I3 A & e
29AUSENRUNLUUAEDINALNNY

2. ANNITVINULSANS

[%
U Va

awamaniiaueyinnunglissuuisansventa Asugidedesdrlandnnis

9 wazldaunisismsdmsumuial Power budget neluesseuu

'
a

3. aun13 MIAWINNUTIATOUAUYBIAIERINATINLHNTEANY Lielimsufisuuinvesiiy

[y

ASOUARU N1a1AAUYDIANEBINANEBNLUUILLNS NSl UTINuR e e Wensiaduding

-

wUanNUasuuUANUANITUY
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UNN 3 N1599NLIUY 1899 LaSNASUE18INA

unihiiaue argeniAdmiuszuunsaduingulanyasy Ae @180IN1ALAY

a1duluuAsgy JeUsenausie 1. NMSAIN Power budget 2. 11588ALUUEAIEINTA 3. N3

ﬁﬂaaﬂa’lﬁla’]ﬂﬁﬂ 4. ﬂqiﬂ%ﬁﬂaqﬁlaqﬂqﬂ baE 5. NN1TNAADUANYDINA
3.1 A13AUI Power budget

3.1.1 MIATLIUDATIVYNYVDIAIYDINTA

'
al

AOUNTRONLUUAIERINIA ATLINENTIvEN8YasEERINAT e Ngaiausa
aulusguunsiaduinguianyuasy @a13N50AININMIBRTIVENEVBIENERINANAIN AN
aun15sms (2.23) lngunfaunisisnis Manamsseznslnangavedsnns Wepdudunialy
Tanumidmang wavanusaasvisunauandiniasuld lnesiuegiuamisdnesengg lawn
o w ! dy Py 4 ! o A v .«.:4' Ql' (% v A 1
Masuds (Pr) Nuitdaunasas (o) mmdsnundesfgana1insasula (Prmim) n300

ANUTRINIASULAEERI1IEEUREN8R1NA (G) LanInInInUsEnoun 3.1

ANUsENaUN 3.1 NM13AUINM Radar’s range
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4 GT'GR'A‘Z

R, . = T "R 7 . (2.23)
max r (4m)3 - Prmin ’

! & A a @ | A

FPYENNTENINEWOINIA WagHUNMT MUY Rpgy AAWYNAU 173 m A1AdH

ANA%es Pp Wiy 30 dB N1ASUaI5asuiasnulasinign Prmi, IA1AY -110 dB lagld
[ <) aa 1% 1 4 v 3 =

Togumuneidunsainaundvunadudiugugnatayindy 12.24 cm 1uruinreniugingu

YIAND 2.45 GHz a11150A 1T UNUAFATINWIASAIUANTIN 2.1

[y

A1 0 WINAU 0.0117 M2 @1U150ANUINNIOASIVENEUBIANLDINIAANLANNIT
(2.23) @sluntarsanirvainiasunaznirduduaisaniastam et uwayligns Ve Ty

NNITAUIUDATIVBIANEBINA G AISHAIBEN9URedAILYINAY 13 dBi

3.1.1  nsAUIuNIasnunnIasulasu

A1sFUIAId Ui nasulasy 1l eanseniadsns1venevesninds uay
105U (G = Gp) fAegadesingu 13 dBi nedsimdsnuds (Pr) wiadu 30 dBm Tneil
svgymesEwinsdenALariuitne (d) Wiy 173X2=346 m Feiurandussoznii
ﬂ?{mﬁumﬂﬂuazﬂé’umeé’qgﬂﬁ 2.1 e‘i"fﬂmmmﬁﬂmmﬁ’]é’muq@Lﬁsﬂ,ummmw (LgspL)

NEUNTT (3.2) T 91 dB Mdsugadeniessuy (Lgyseem) SA1110 3 dB

PR == PT + GT + GR - LFSPL - Lsystem (31)
Lpspr, = 32.5+ 20log(f in MHz) + 20 log(d in m) (3.2)
Toefl  Pr AeAidsnuiininsu 165U (Receive powen) ymineidu dBm

[

Lespr  fFoAimdsuaaudelueiniadng (Free space loss) ety dB

Gr 9N IVYNLVDIAIDINIANIAGS (Gain transmit antenna) nhedu dBi

o)

[

Gr ADONIIVY18VIAIUDINANIASY (Gain receive antenna) ity dBi

Lsystem foAimasuaapdonigluszuu (System loss) el dB
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NMIMasUnnIAsUlAsUIINEUNITNNSEINIUYBINSE (Fiiss transmission equation) AYALNT
(3.1) ANMIAUIUMAINAASULASUTIAWYINAU -37 dB WiaanganIfddasSuilonsivene

WINAU 13 dBi

3.1.2 M3IAUIUAT Margin Ya933uU

NIYINNUTBITEULLIANTNTIUTnquiantasuiy agdesaunsninulanaen
& Y] = = | = o & v a ° i . A
M99na193U waznaeu Muludmnyasanineinia Fa9ndudedinsAuinen Margin tHe
11} Wielwudladn aduainaiadafunieiieniasu Inevlian Margin v8458UUASHA0E19

oy 30 dB
Margin = [Receive power| — [Ry sensitivity] (3.3)

TngA1A1ulIw0401A5U (Rx sensitivity ) 1Ay -110 dBm waza1nns
i finasuldsu (Rx power) Windu -37 dBm a1u13afIwIns Margin 98352UUATY
d1A19 (3.3) 21NN1TAIUIUAAT Margin 111AU 73 dB ety @ngenmAienswenewiniu 13 dBi
arunsavinauntglussuuisansasiaduivandasuld Lanin1sAIUIal Power budget 4

ANUTENDUN 3.2

+ 13 dBi + 13 dBi
A
Antenna Antenna
30 dBm -3dB —37 dBm
Transmitter | System | | Receiver
power loss power
Free space

loss

d =346 m @2.45 GHz
-91dB
-37 dBm

Receiver power

Power (dBm)

Margin 73 dB
Receiver sensitivity

-110 dBm

v

Distance (m)

AMUIENBUN 3.2 N15AIUIM Power budget
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AEVFINLATATIVEBVBIEIDINIARAIFIR UT o T daTianunsavinaulu
szuunsRduinguUandasuiilauds luadudaluidunisesnuuuanseiniauaiaidusuuasgy
lngusgneumedunaunll 1. N1598NLULAIERINIATLA 1 BIAUSENBY UAY 2. A1891NALAT

[y

auwuu TnetaneeiniAvunn 1 ssruszneutuindnissaduaeeinidlaiaisiu
3.2 #8914 1 89AUTZNBU (Single element)

g INASMTUTTUURTIRTUInQuUanUasutiu W @a91n1AwaId 1A uLUUAS

v I3 o w ' & p=t I o NS vov =~ v
;U ddnwasiluagainauaidinu lngusiazasrusenauillassasidnuaeilaeie ialiwuu
sUNsuNasIUde 1 seddseney dvwnaunitdinduiivuinninely @ageinaunidIny
anunsausuaimaulandneasswndauasalen (Broadside) TIngNdns1ve18989a@71881NFLLA?

deulienin 3 dB LLazﬁm'}MLLﬂuaﬁmi%‘“ﬁmqg;m

3.2.1 N1992NLLUUE18DINA

[

n1seanLuvaIsaINIAdInTUTEUUATIRTUIRguUanUasy dReulvdmsudal

MuAANNa1awinau 2.45 GHz anansaldanulugiwuunisuinnidl 40 kHz wagdnsnvene
o v v A | LA ° 1% v .

YBIAWDINARAITFUF DT AININNTT 13 dBi Lieaunsavitaulanigld Margin vesszuu 11

NAIUI Power budget 3ARIVDNDUNTN

N1500NLUUAIEDINIARNNTLUULAIUIN 1 93AUTENDU L Benled Ny
angenAfeuin1slAiavedlaTaiNageINIA NeITEIEeNEBNLUUAIEBINALUULNNTLAS
Tneldaudanuny PCB LuU Flexible Aifianudanguaiunsaiuniedald (uviln FR4

va v d' ! < (3 & Y Y a
AuaNURAInI597 3.1 ag13lsinny argeinmawnndlaenaluiiesnwuulagldianvia FRA
a1u1saligns1veneUsyuna 3-5 dBi wazuenINTAMUNUIVRLIaRLKY Flexible PCB dad1u
NN 0.20 mm denalvifivsedniamvesatseiniatey aduioiaUsednininues
a1eenA NEIdeUszendllasiasisuutesda Tngn1sunIntueIN1AsEnINtuiang1usos

WazTUNTIIA F9L58n71 “Suspended patch antenna” @ 9N15UNINT UBINIAAINITALAY

9RTIVYILVBIAILDINIALALAUTANUAMULUUATTMEIIUNU NEITEIITENLATIATINY04
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#1801 ALNNT55IUAT bl T n19lAsTevelATIas1971 “Suspended planar patch antenna”
%39 SPPA wazd1msuaiuenaunmguulAean “Suspended conformal patch antenna” #35e

[
o

SCPA Ll ossaelassasdrsresangannidunng i udnvuzdoudna (Suspended structure) Sidu
91NABY SENINTUTANgIUTeMATTUNI G FalugIdededuduseseanwuulaseasne Support
dmiunenduiangiuseaasdunsng lneidnnesadulunaaudfasisainiaies 3D Printer

¥ Tanuiin PLA uaninaaudffmisei 3.2

3197 3.1 AuanTRvesTaRuHY Flexible PCB uila FR-4

WINDS fauds | wuae A
Fladidnn3nvesiutangiuses (Dielectric constant) Er - 4.3
mmuuwm%’juﬁ’aqgmim (Substrate thickness) h mm 0.2
AUV UNDIUAS (Copper thickness) t mm | 0.035
A1 Loss tangent tand - 0.025

571971 3.2 AruaNTRvesTan Filament PLA [17]

wWsames fands | wae A1
ﬂ'ﬂ@&ﬁﬂm‘%ﬂﬁu@ﬁa@ PLA (Dielectric constant) & - 2.451
A1 Loss tangent tand - 0.0071

1As9as19a@1897101e7N 9 NLUUL T Ua1gD 1IN ALNNT LUUTAIIUIR 1 99AUTENDUY

Feuseneulumetuianuesiafe tuiangiusedaziuainie IneflassaivaiuaIn1Awnms

= U 6

SPPA Aallsall R winnuadus (Planar) A9n1nUsenaui 3.4 kazlAsIds19a@1801n@dknns SPPA

7 1 % Ya

AdsANLINAY R lngidunvuasallAsedalgeInawnngviaiy 60 mm, 45 mm uaz 30

= =

mm BT B U B ULAEANYIAMANYULYBIAIEDINALAAINININUTENOUT 3.5 LaBLans
WITNBTAE W ADUuIAAI1UNT19U9a189INALNNT, L ABYUIAAIILE1IVDIE18DINA
wnnd argeiniagnUeudyyiun1838 Microstrip line lagd W, Asyuinaitunineves

Microstrip line, W, A83u1AAIUNT1NUBINTIIN, Ly ADUUINAIINEIIVOINTIIN, Y, ADTEEE
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vaagaloudyaad, hy ABAINNVNUIVRITURINIA, by ABAIUNUNVBITUTANTIUTEN, & ADAT

lodidnmsnvestuennia uaz e, AoAladianmsnveatuiangiuses

MsfuTUInvestasaiIsEe ALY Bevinuienud 2.45 GHz A
AauazANLENINALNTT (2.1) waw (2.2) TuresTaggiusesUssneusieTagaesiiafooinie
wazdangiuseswila FR4 anunsadwinaladidnainauya (Equivalent dielectric constant)
vesianaosvindaninyszneud 3.3n) 9naunis (3.4) waziAladidnn3nauyadlely
AwinmAnsialndiinasnduivsussdnsua (Effective dielectric constant, &,55) 91N@UNNT

(2.4) WAAIAINISTINLADSVDILASIAS19EIEDINALNNTVUIN 1 DIAUTZNDU AINAITATUIUA

A9 3.3
Patch
: I A A
&2, tano; ! h,
) h
&Erly tané; vhl v

Ground plane
n) TAssas19angaN AN NITauln

Patch

B h

Y

Ground plane
2) lassassaneonianiladdnssnauya

ANUTENOUN 3.3 1ASIa519818971N NN

nsrwIAladidnainauya (Equivalent dielectric constant, Ereq) VDIIEN

9

lpdidnm3nansviansaunis (3.4) nedl e Ao Arasialadiann3nvesiangiuseatuiinis e,

Ao ArAsialadiana3nvesiangiusestuiiass hy Ao AUNUIYITaNEIUITRITUTIVEY WAz h,

(% '
o =

Ao ﬂ'l’]MMU’]“U@Q%@IW%UL@WU?@QW&@Q

q

o ot (hy + hy) (3.4)
red gr1hy + &2y




v

A

A

W;
) MUV
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. Patch
&2, tanod, 7 i h; P
A
&1, tand; | h;

Ground plane

) ANUNTN

ANUSENBUN 3.4 @188 1N ALNNG SPPA

A\ 4

A

A

W;

) ANUUY

&2, tand;
&1, tand;
74 /R
___________ 4: X_____
—> <>
h y h] hz

) AIUNLN

AMNUsENBUN 3.5 1AS985198189 N FLNNT SCPA
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A5197 3.3 IUINLATIFS1EEDINALNNTVUIA 1 DIAUTENDU
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W15130L005

fiauus A e
Aladianm3nveasianguses (Dielectric constant) €1 4.30 -
Aladianm3nvase1ne (Dielectric constant in free space) Erp 1.00 -
mwwmmm%i’aagmsaa (Substrate thickness) hy 0.20 mm
AT (Air gap thickness) h, 3.00 mm
AnladLann3nauya (Equivalent dielectric constant) Ereq 1.05 -
AUNINVOIUNNT (Patch width) w 60.43 mm
ANEIVOIUNNY (Patch length) L 55.43 mm
yatoudyad (Feeding point) Yo 13.09 mm
AUNI19999n5196 (Ground width) A 90.00 mm
ANEIVDINTIIA (Ground length) Lg 110.00 mm
Saslaanulas (Radius) R | 30,4560 | mm

3.2.2 N153189981891NA

n) @8INALNNG SPPA

AMNUsENaU 3.6 lumaaeanAwnnguunn 1 a9rusenaululuswnsuinass

) @182INALNNG SCPA
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A1) @8N ALNNG SPPA ) @8DINIALNNG SCPA

amdsznaud 3.7 luwaasenawnyntnay Support Tulusunsudnass

NVUIALALIATIAST19VDIAEBINATN b DDAWUY UIN1T1AB9E1881NARIEY
Tsunsudnasanduuiimaninin CST WieRiansanaasnvasvadaseIne laun Aduuszans
N15aYI0U, NT1U818 kazkuUTUNITUHNG 11U fakanlasasisangainianiglulusunsy

180900 NUTZNIUN 3.6 WarlATIas19EI8INIANTDNAIY Support HInINUTENaUN 3.7

[

Han1siaesasoMAnlglusknsudaesnautlraninin farsaimnsdnesnddey fodl

1) Anduuszansnisasiiou (Reflection coefficient)

d18o1nARsIAIduUSEANS NMsasveustetossini -10 dB fiaud Ly
9ENUUURB 2.45 GHz faturnduUsyans msasviaudedunng aneenmafiazduundlen uas
WILUURIsRaNsaNTiAUsEaNS sazTawvinfy -10 dB TuniswanissassangniAunms
SPPA Way @1891n1ALNNT SCPA TnefilassadisuazauinvesluinadigeiniAdaunsiifiu

=

LANANNUNSATAINNTAIAD B1UA, 60 mm, 45 mm Kkag 30 mm
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v - LY (3

NANISINABIAEDINABNNT SPPA AlSATvnAUaTus AduUseansnisazviou
AAUD 2.45 GHz TANWYINAU -36.69 dB wardlhuuAIsAAIYINAY 61 MHz faws 2.42 — 2.48

GHz hAMIRININUSLNOUN 3.8

NANTS1889@1891NIABNNT SCPA (R = 60mm) AduUssa@nsnisasvioud
AR 2.45 GHz JANYINAU -30.42 dB wardlhuunIstinny 68 MHz Aaws 2.41 — 2.48 GHz

LAAIRININUTENBUN 3.9

NANTT1889E181INABNNG SCPA (R = 45mm) A1duUseans n1sasvioui
ANUD 2.45 GHz TANYINAU -16.19 dB wazdlhuunIstiiny 66 MHz Aaws 2.40 — 2.46 GHz

LEAAIRININUSENBUN 3.10

NAN1SINABIA18DINABNNTG SCPA (R = 30mm) daduuseandnisaznoun
ANUD 2.45 GHz TANYINAU -16.02 dB wazdlhuunIstiiny 62 MHz A9ws 2.41 — 2.47 GHz

LEAAIRININUSENBUN 3.11

o
& v

PNUANTINA0LUSIUTEUAINMALNTTNIEYUIN age1mALNTIY SPPA T9kan1s Matching

ARNI1a1881NIALNNY SCPA taansailninulAewesnis Matching Y09a 8@ 1881 ALNNS

SCPA Azweiad wazAnudslokuudiaauluanudan kanssaninusenaui 3.12
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S11 (dB)

[ 1Bandwidth
Sim. SPPA
_40 1 1 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)

AMNUTLNBUTN 3.8 HANI5I1aRIANTUUSLANSNSTALNOUANYDINALNNG SPPA
0 T T

S11 (dB)

[ IBandwidth
Sim. SCPA R = 60 mm
-40 1 1 I 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
AnUsENBUT 3.9 NanT1sInassAduUsEansnsasviauangeINALNNY SCPA (R = 60mm)
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1 I
1 I
1 I
1 I
—_~ 1 I
% 1 I
~ ] I
= 1 I
2 1 I
25 F 1 I 4
1 I
1 I
1 I
=30 - i i B
1 I
] I
adl : ' [ TBandwidth I
, i Sim. SCPA R = 45 mm
-40 L 1L 1 1 1 1
2.3 2.35 24 2.45 2.5 2.55 2.6
Frequency (GHz)
AMNUSENBUN 3.10 HaNSINaBIAEUUsEENSNNSALNaUA188 1N ARNNY SCPA (R = 45mm)
0 T T 1 T 1 T T
] I
1 1
-5 1 1
1 1
I 1
-10
I |
1 1
I |
-15 - 1 1 —
S~ I I
= 1 1
= =20 1 1 B
-
— 1 1
2 1 I
25 + 1 1 4
I I
1 1
I I
=30 i i B
I I
1 1
s : | [ IBandwidth i
I I Sim. SCPA R = 30mm
-40 1 1 1 I 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
ANUTENOUN 3.11 NaN1591a9ANdUYSLANSNTaLNOUA18DINARNNT SCPA (R = 30mm)
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S11 (dB)

—O— Sim. SPPA
—#— Sim. SCPA R = 60 mm

Sim. SCPA R = 45 mm
—&— Sim. SCPA R =30 mm
1

_40 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
ANUTENOUN 3.12 NANITI1a0IANTUUSLANSNTALNOUANYDINALNNG SPPA LAz SCPA

2) WUUFUNSUENALeU (Radiation pattern)

mﬁwaaamammmﬁ'a@LLUUEUmSLLNwé’Nm FRI1v8LaE N ANISIUNNT
WNsnszaneRdy nnan1ssiasndunisundnsyatead uwuufifienis (Directional radiation
pattern) HANTIIABIUUUFUNITUHNGINUYBIA8INALNNY SPPA Lara1eeIaunny SCPA
Tuszu1U H-plane war E-plane wanIfan nusznoudl 3.13 n) waz Awusznaudi 3.13 @)

AUAIAU

NANIII180981801NALNYIT SPPA Sedlvindusius Thensveiy 8.88 dBi lu
5¥UU H-plane in1un1sa1adu 64 9ea1 dszauvodlaunaauniniu 19.50 dB wazluseuiu E-

plane fMIUNINNEIAAY 62 03A1 Hsziuvadlaunasindu 19.90 dB

NAN159189981891N1ALNNT SCPA (R = 60 mm)liens1vey 8.41 dBi Tu
32UV H-plane J9U1nAIUNINE1AAY 74.60 83e1 HTzAuvaslaunaavinnu 16.90 dB wazlu

5¥U E-plane HUU1nANAITINEIRAY 67 99A7 HszAuvadlaundayindu 15.90 dB



72

NANTS9188981891N1AWNNT SCPA (R = 45 mm) Thensnvee 8.00 dBi Tu

5%UIU H-plane J9U1MAIUNINEIRAN 79.20 0961 HszAuvaslaundauyindu 17.70 dB wazlu

32U E-plane HUU1AANUNTINEIAAYN 69.90 99A UszaAuTdlaunadinhu 14.80 dB

NANIS9180981891N1ABNNS SCPA (R = 30 mm) 198519818 7.37 dBi Tu

5%UU H-plane Jau1nAUNINEIRAN 89.70 B3rn dszAuvaslaunduniiiu 21.00 dB wazlu

3%UU E-plane HUU10ANUNTINEIAAYN 69.90 99A UszAuvadlaunadnifiu 12.00 dB

MNI15UNNNANTTINABIALIUINEI881NALAIBIUTEUIU H-plane ion15an

vunvessAddIulAasageInIALNNG ilraunIaInaulusEuIy H-plane daunaninedu

wazluszuiu E-plane aurnuesaInd udvuialndAssduiia1sadaneg walunianduiu

DNINVYNYITANAY LAAINNSIUSIUNBUAIAITIN 3.4

A13197 3.4 Naﬂ"li’fﬁqa@\‘]%@ﬂﬁﬁﬂ@’]ﬂ’]ﬂLL‘W‘VI‘Z? SPPA wag SCPA

HPBW (deg) F/B Ratio (dB)
Gain (dBi)

Radius (R) H-plane E-plane H-plane | E-plane
Planar 8.88 62.00 8.88 19.50 19.90
60 mm 74.60 67.00 8.41 16.90 15.90
45 mm 79.20 69.20 8.00 17.70 14.80
30 mm 89.70 69.90 7.40 21.00 12.00
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330°

o,
S,
2

300° -':I 60° 300° 60°
1
Py
ERIAY
270° 90° 270° 90°
240° 120° 240° 120°
210° 150° 210° 150°
1800 1800
Planar R=45mm Planar R =45 mm
————— R=60 mm :s=sereees R=30 mm memmmem R =60 mm e R=30 mm
n) 5¥UU H-plane ¥) 53UV E-plane

AnUsEnNauN 3.13 mamaaﬁamLL‘UU;‘Uﬂ’ml,r;iwé’ammaamammmwwﬁ SPPA uay SCPA
3.2.3 N15a519818INALANTG 1 9AUsENaU

451981801 1ALNNY SPPA LagageIn LNy SCPA SARLVINAY 60 mm, 45
mm wag 30 mm ldaugiunnud 2.45 GHz TngldTanuiu Flexible PCB wiln FR- A
NUWVNAY 0.2 mm tag Support dniulasasegeads LﬁaLLaﬂ%ui’a@gmiaﬂLLaz%uﬂswaﬁﬁﬂ
91n¥an PLA filament afrafuluinaaiudfainia3eq 3D Printer uansfua1soINIALNNG
mendenisadias amUszneudl 3.14 fail ) @reerniawwng SPPA Saflivinfueus )
a189171ALNNT SCPA (R = 60 mm) A) @1891n1ALWNT SCPA (R = 45 mm) tag 1) d@1ee1n e

WWNG SCPA (R = 30 mm)

o 4 a

dmsudunuuatgeniandvuinil {I38a319URUUAIEINALARE YU
DU 2 HU NUANBULIATIATLAZVUINMLDUN Y 19T UITNISNAFBUBHITIVENE AT LU

sUMIUHNA1U sznanluiitedall
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ANUTENBUN 3.14 AUWUUEIEDINFLNNT

3.2.4 Nagaus1ga1Nd

AENFININATATNAURVUAIBDINA UAURUUAIEINANAFRUTAAMENYY
¥ 1 [ a Q‘ Y v !
YRIFN8D1NA UTENOUMIY 1. ANAUUTTANTNTALVIDU kA 2. @Wi?‘UUWULLazLLUUEUﬂ’WLLN

NAIY

1) AnduUszansnnsayitay (Reflection coefficient, S11)

d1eonAAasiAauUTEANE N savTeueg19TeeR1nIn -10 dB fiAnuaTleY
PENWUURE 2.45 GHz Ardudszavsnsaziioudwinuing asenefasdauundlas wazouin
WUUA TSRS TiA1USEANE NM3aET e UG -10 dB nMsvadeuAduUsYaNS Msasiause
\3aATIERlaTne (Network analyzer) NANSVAAOUVBIRUKUUAIBDINALIYY SPPA Al
WiUaTiue waranga AWy SCPA SaTlwindu 60 mm, 45 mm wag 30 mm fen nUsEnau

i 3.15
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S11 (dB)

—O— Meas. SPPA

—=k— Meas. SCPA R=60 mm | |

Meas. SCPA R=45 mm

—&O— Meas. SCPA R=30 mm
1

_40 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
ANUTLNBUN 3.15 HANISNAADUANEUUSLANTNTALNOUAIIDINIALNATY SPPA tag SCPA

¢ - v ¢ a1 o a £
NANITNAFDUVDIAYDINFLNNY SPPA SANINIAUDUUS Mﬂ’]ﬂtﬂﬂ’i%ﬁ%ﬁﬂ’]i

dvsiouiinnnud 2.45 GHz Ay -20.19 dB ualiuuusiswingu 54 MHz (2.42 - 2.48 GHz)

HANSNAFBUADINIALNNTG SCPA (R = 60 mm) flAduusyansnsasioud
AN 2.45 GHz SAwinu -16.50 dB waglsiuunsaswiiu 62 MHz (2.41 — 2.48 GHz)

a1 U

NANISNAFDUANYDINALNTT SPCA (R =45 mm) fdaduusyansnsazvioun

ANUA 2.45 GHz Sawinu -13.21 dB waglsiuunsaswiiu 50 MHz (2.42 — 2.47 GHz)

NANISNAABUANEDINAWNNT SCPA (R = 30 mm) JAnduuse@nsnisasyaud

ANUA 2.45 GHz Sainfu -13.04 dB wagiluuusiswiniu 56 MHz (2.43 — 2.48 GHz)

AU UUNANITNAZDUYDIA ULUUANEDINALNNG SPPA Waz@1ea1n"e
WNNY SCPA 9u1A1 89AUSENDU NANISNAABUVBILVHAT @8AARDINUNANISIIABY HULULY

F180INALNNTNAY 4 VUIRFINITAYIIUUNAIND 2.45 GHz Tagaga1nieaunnt SPPA Tvna
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113 Matching ANI1@1881NALNTNY SCPA Wazn1TansAilaulAsYsaI80InIFas danalu

a1891N1# Matching Lheas

2) wuugUNsUENAe91U (Radiation pattern)

N1INAADUINSNTIVENY WaTUUUTUNITWNNFINUY VOIAURUUAIERINALNNG
SPPA Laz@nga1n1fLnnD SCPA U9 1 94AUSENDU MUNNSNAZBUAIEDINIANI b UNIARILEY
Aasultane N IANMLUNUAD AULUUASTNADINITNAADU 138nITN1SNAaRUAI81NATIN

“Two antenna method” [14] LAPIUADALADELNTUNIINAADUMININUTENDUT 3.16

Transmitting antenna Receving antenna

4 \\/eh

P Transmit Received P
T power Path loss, L pspr power R

D d > far-field >

ANUTENOUN 3.16 UdaAlnazunsun1sNaaay Two antenna method [14]

Tnouanmsinodsed Pr Aefdsuainainds, Py Aemdilasuainniny,
Gr A9 8RT1U818Y09A8RINAAY, G ADBNIIVYIEVBIANYDINATY, Lpgp, ABNITEeAeTU
911719 waTsEEy d AeTTEriiuesaseInIAnIndmazn1nsy duduszesfidaudenndas
AussurvasauInsseslna (Far field) @unsaaulanmisyerauidlnavesdgn1n1AINgunIs
(3.8) Tnem571L0 0519181 H 0¥ 428 1UN A UIUANS NIV 18 UBIEN8BINARIANNNTNTA KL
YoaNsd feauni1s (3.5) lunisnegeuaigennianinsulasaadwduaiganniasiaiediu

Gr = Gg = G an3ndnguuuvannshnllaneaunis (3.6) wagau1saAuINMIENII VeI ves

A1891N1AANNEUNT (3.7)

Pr = Pr + Gr + Gg — Lrspy, (3.5)



7

GT+GR:PR_PT+LFSPL (36)
G = (Pr—Pr+ Lpsp,)/2 (3.7)

NIIANUINIEHEUNTEWINEIDINIANIAGILAENIASU BIT28EU1AINA1INDT
donAaRINUITEYaUININaY8EEDINA tAYITEYnmeI81InINssesaunulng Wesanniuu
sUmMswndnunialaanssezauulnavesarseinaimududaduninninssezauulng
ausaAuIuNmsrezautlnavesaIgeInIAaInaunis (3.8) laedl f Ae Aud (frequency)
ey Hz, Far field Ao svavauslnantiodu m, D A auiavesaigennia ey m
waz A Ao ANNEIAAY (Wavelength) vidieidu m

2D?
Far field > o (3.8)

AUE179898180101A (D) WM1AU 0.11 m @nsamuInsrezauiulnala

WINAU 0.20 M AIUUIILANNUATLELTIVBINIATULAEAAFNVINAY 1.00 m

NSNAABUSMIIVYNYVDIANYDINFALNNT 1 89AUTENBU VN9uAIud 2.45
GHz laef aadelvnnasesnu (Pr) Windu 0 dBm 28n195emInen1Indauwazniasu (d) dan
Wiy 1.00 m M3aadslueinieing (Lesp,) AIMINAINANNTT (3.2) TANVINAY 40.22 dB Lile

MASUlASUMSIU (Pr) @UNS0AUINENTIVE18INENNT (3.7)

HANIINAADUFURUUNITUHNA 19U YoduluuatgaIn1aunng SPPA Sadl
Windvuatugd Tuszuiu H-plane hazszuu E-plane A nUsznauyl 3.17 AULUUAIEDINIATA
dm51w818 8.51 dBi Hvuinainduluszuiu H-plane warluszuru E-plane windu 60 waz 62

B9AT ANUAINU NISLUSHUTIBURNANISNAADULALNANTTINADIINATIdDAAADINU

HANTNAADUFULUUNITURNEIY YaeAuluLaI8aIn1aLnng SCPA (R = 60
mm) Tuszuru H-plane wazszuiu E-plane A4 MUszNoUN 3.18 AULUUAIEBINALA
9m31v878 7.86 dBi Hvunainduluszunu H-plane wagluseunu E-plane AU 75 wag 65

B9AT ANUAINU NISLUSHUTBURNANISNAADULALNANTITINADIMANATIdDAAADINY
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HANTNAADUFULUUNITUNNA WY VoAU UUAI8RINALNNG SCPA (R = 45
mm) mm TusguIU H-plane wazszu1u E-plane A4 INUTEABUN 3.19 AULUUAI88INALYA
9m310878 7.56 dBi Hvueaiaduluszunu H-plane wagluseunu E-plane Winfu 80 waz 65

BIAN AUANU NISLUSHUTIBURNANISNAADULALNANITINADI NATNADAAADINU

HANTNAADUFULUUNITHHNF 1 TUVDIRURUUAIEDINARNNS SCPA (R = 30
mm) Tus2UIY H-plane Wagszuy E-plane A4n 1NUIENDUN 3.20 AULUUAI8DINALA
9ns1v818 7.41 dBi Jvurnainaulussuru H-plane wag E-plane W1Av 85 wag 65 03AN

ANAIRU NSIUSEUIBURaNISVIRdRULaENAaN1IT eI liNaNdanAaDI Y

ANFIATIEARANITNAFDU WANISNAFDULANANADAARDINISNANITINEDI YUIA
ANUNINAIPAUVDIANYDINALNNT SCPA TUUINNINNINE1BINIFLNNG SPPA WaLIUIAET
A y X ~ o % v W a ° & 9
ARUNINNTY W9ansATANUlAIUDIAN89INYA SCPA Lazlunanduiun1sAvUIATeIa1AaNNIY

[
= [

U DRTIVYIYIZTANAY LARIAITIBUTIUMIBURY H15199 3.5

0°

300° 60° 300° 60°
270° 90° 270° 90¢
240° 120° 240° h 120°
210° 150° 210° 150°
180° 180°
l e Simulated rreereee Measured l l ———— Simulated =rerererr Measured l
) 5¥UU H-plane ) 58UV E-plane

AMUTENBUN 3.17 HANTNARDUKUUFUNSUANGINUaE1N1ARIMS SPPA



300°

270°

240°

210° 150°
180°

’ == Simulated ====r===* Measured ‘

) 38U H-plane

60° 300°
90° 270°
120° 240°
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60°

90°

120°

210° 150°
180°

’ == Simulated ====r===r Measured ‘

9) 38UV E-plane

AmUsznauil 3.18 Nﬁﬂ’ﬁ‘VI@]ﬂE]‘UEULL‘U‘LJﬂ’]iLL&iWﬁNWUﬁWU@Wﬂ’]ﬁLLW‘V]‘(j SCPA (R = 60mm)

300°

270°

240°

210° 150°
180°

’ m——— Simulated ==reeceer Measured ‘

n) 38U H-plane

60° 300°
90 270°
120° 240°

60°

90°

120°

210° 150°
180°

’ = Simulated =scccccee Measured ‘

¥) YU E-plane

AMUTENBUT 3.19 HANTNAABUFULUUNSUAINGINUAED1N1ARNYTTS SCPA (R = 45mm)



300° 60° 300°
270° 90 270°
240° 120° 240°
210° 150° 210° 150°
180° 180°
’— Simulated ========= Measured ‘ ’— Simulated ===s=s=s: Measured ‘
) 38U H-plane

AMUIENBUN 3.20 HANTNARBUFULUUNSWHNGIUage1NAWNmMS SCPA (R = 30mm)

300°

w
w
(=3

)

9) 38UV E-plane

0°

RN

" '\
'. -
60° 300° Jf E
I -20 dB 0y
\ "_: -30 dB 3]
l‘ -:
270° 90° 270° '\‘ =
% RN
‘s ‘.‘.“:’l
240° 120° 240° RSP
210° 150° 210° 150°
180° 180°
Planar R =45 mm Planar R =45 mm
————— R =60 mm :r===exees R =30 mm m=mm==== R =60 mm s R =30 mm
n) 38U H-plane

) 58U E-plane
AMUTENOUN 3.21 HANITNAABUTULUUNITUNNANUAIEBINAWNNG SPPA wag SCPA

60°

120°

90°

60°

120°

90

80
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A1519% 3.5 HANITVIAGOULAZINADY VOIEIUDINFLNNIT SPPA Lay SCPA

HPBW (deg) F/B Ratio (dB)
Gain (dBi)
Radius H-plane E-plane H-plane E-plane

(R) Sim. | Meas. | Sim. | Meas. | Sim. | Meas. | Sim. | Meas. | Sim. | Meas.

Planar | 64.00 | 60.00 | 62.00 | 62.00 | 8.88 | 851 | 19.50 | 15.80 | 19.90 | 18.70

60 mm | 74.60 | 75.00 | 67.00 | 65.00 | 8.41 | 7.86 | 16.90 | 17.40 | 15.90 | 14.70

45 mm | 79.20 | 80.00 | 69.20 | 65.00 | 7.99 | 7.56 | 17.70 | 15.90 | 14.80 | 15.10

30 mm | 89.70 | 85.00 | 69.90 | 65.00 | 7.37 | 7.41 | 21.00 | 18.00 | 12.00 | 14.50

Tusidadiiaus agorniALNNdIUIn 1 03fUsENaY d1MTUEIE8INIALAY
g15fu TABN1590NLUY N1591889 NITASI9 LASNAADUANBDINALNNTHavLn 4 yuis Taun
AN9DINABNNG SPPA SEdlvinnuatus, @1e81n1dwnng SCPA (R = 60mm), #1880 1FLNNG
SCPA (R = 45mm) waga1801n1Awnyng SCPA (R = 30mm) dmiuaigeinieualdafuazgn

nandlundedialy
3.3 d1891NALAAIAU (Antenna Array)

3.3.1 N15918998180INIALAIAINU

o

Tudetiiausiieniu @a1ee1n1ALaIa1au (Planar array) lagtiiesausenou
d199101ALNNG (Suspended planar patch antenna, SPPA) Laz@1801n1ALNNY LUULAS
(Suspended conformal patch antenna, SCPA) 715FiA1UlAIA199 lawn 60mm, 45mm uag

30mm udassadulknasu

Tuwaazerniawadsululusunsusiassianmusznoudi 3.220 fio SPPA-
planar phased array wagn1musenauil 3.22 n) Aeanse1n1@ SCPA (R = 60mm) - planar
phased array, AMUsENBUT 3.22 ¥) Aea8enie SCPA (R = 45mm) planar phased array

ey nmUsEneudi 3.22 1) AoauINIe SCPA (R = 30mm) - planar phased array
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YUNAVDIATEBINIARAIAIAUTIUIU 4X1 DIAUTENOU WATTLETNIIVB
safUsznoudussuzuingu d esanudazesduszneudy Tassadsaneenipunvduuuges
Ja dnsunsndesenmeassninduiaggiusesmasdunsng dwalivuinvesasennedud
wnlvg warllanunsadndesdiszesmindu 0.501, 16 Tnefisvovvetosdusznausaus 0.604,

I v P o 3 v a [ o w 1% I a 14 LYY
Lﬂumulﬂ LllE]u']@ﬂﬂ‘Ui%ﬂ@Ull’mfﬂLiENL‘U‘L!LLﬂ’Jﬁ’]ﬂ‘ULLﬁ’JlﬂJLﬂﬂﬂ’]i‘U@UWUﬂu

N1991899A1 Directivity Lazn15% NAN19vesa1Ad u (Beam direction) Lile
aeIMALEITUUSUAARUlUS s aeneq TeuA 0 aemn, 15 8aA7, 30 BaA1 uAY 45
94/7) Fa9gfa3a1A" Directivity v03i1Uuna Desired direction tHusuvsiafiawlalduns 0
31, 15 9961, 30 B4FN Uag 45 89N Wazia13au1An Directivity Tusinunis Peak direction fie

Auviauianganieaansauulule

A) SCPA (R = 45mm) 4) SCPA (R = 30mm)

AMNUsEnaud 3.22 lawmaanean1ekaldnsu Tuluswnsuanand

[

Han1sINaesEgoMAmelUsunsudIaeImauLLman Wi Rarsaumisiwmesidfny fadl
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1) wuUsUNSUNNASaY (Radiation pattern)

Tun1sdransaseInia 1AsSIa319U99d189INIALNAIAU SPPA wag SCPA fauin
Wi TngaziUSouiioufisaiianeg wasfissasicweasdusznou (d) Faus 0.601,, 0.651,,
0.704,, e 0.754,

ﬁmfuiuﬁ’;wmmif\i’wamLLUUEUmaLLNWﬁNmﬁﬁqLﬁum Directivity Lila4a1n
a1e91n1Adelaliin1sUTuau Matching Lananan1531a09A" Directivity Ya4d11e3s Peak
direction WarfiAn19U09dIAR UFIANTIA 3.6 UaTUAAIAN Directivity Y@ IUMLsH Desired

direction #4915199 3.7

M131991 3.6 HAN1391984 Directivity Ya9suNUeYY Peak direction

Element Radius Peak directivity at 2.45 GHz max ADyeq
spacing (d) (R) 0 (deg) | 15(deg) | 30 (deg) | 45 (deg) (dB)
(0deg) | (11deg) | (22 deg) | (34 deg)
Planar 1.93
14.04 13.87 13.33 12.11
(0deg) | (11deg) | (23 deg) | (34 deg)
60 mm 1.73
13.98 13.81 13.31 12.25
0.604,
(0deg) | (11deg) | (23 deg) | (34 deg)
45 mm 1.67
13.93 13.76 13.27 12.26
(0 deg) (11 deg) | (23 deg) | (35 deg)
30 mm 1.61
13.79 13.6 13.13 12.18
(0deg) | (10deg) | (21 deg) | (32 deg)
Planar 1.66
14.32 14.15 13.74 12.66
(0deg) | (10deg) | (21deg) | (32deg)
0.654, 60 mm 1.61
14.26 14.09 13.70 12.65
(0 deg) (11deg) | (21deg) | (32 deg)
45 mm 1.59
14.21 14.04 13.65 12.62
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(0deg) | (11deg) | (21 deg) | (32 deg)

30 mm 1.57
14.07 13.90 13.49 12.50
(0 deg) | (10deg) | (20 deg) | (29 deg)

Planar 1.67
14.58 14.44 14.06 12.91
(0deg) | (10deg) | (20 deg) | (29 deg)

60 mm 1.65
14.52 14.38 14.00 12.87

0.702,

(0 deg) | (10deg) | (20 deg) | (30 deg)

45 mm 1.63
14.47 14.33 13.95 12.84
(0 deg) | (10deg) | (20 deg) | (30 deg)

30 mm 1.61
14.32 14.17 13.78 12.71
(0 deg) (9 deg) | (18 deg) | (28 deg)

Planar 1.77
14.82 14.72 14.28 13.05
(0 deg) (9 deg) | (18 deg) | (28 deg)

60 mm 1.74
14.76 14.65 14.22 13.02

0.75,

(0 deg) (9 deg) | (18 deg) | (28 deg)

45 mm 1.73
14.71 14.59 14.17 12.98
(0 deg) (9 deg) | (18 deg) | (28 deg)

30 mm 1.68
14.55 14.42 13.99 12.87

M1379% 3.7 NaN1591804 Directivity Yoesumiisyy Desired direction

Element Radius Directivity at 2.45 GHz max AD . ired

spacing (d) (R) 0 (deg) | 15 (deg) | 30 (deg) | 45 (deg) (dB)
14.04 13.51 12.05 9.84 4.20
13.98 13.46 12.11 10.06 392

0.601,
13.93 13.42 12.12 10.16 377
30 mm 13.78 13.29 12.06 10.22 3.56
0.651, Planar 14.32 13.55 11.67 8.91 5.41
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Element Radius Directivity at 2.45 GHz max AD g ired
spacing (d) (R) 0 (deg) | 15 (deg) | 30 (deg) | 45 (deg) (dB)
60 mm 14.26 13.52 11.67 8.89 5.37
45 mm 14.21 13.49 11.67 8.93 5.28
30 mm 14.07 13.36 11.59 8.97 5.10
Planar 14.58 13.56 10.83 6.91 1.67
60 mm 14.52 13.52 10.80 6.84 7.68
0.704,
45 mm 14.47 132.48 10.79 6.87 7.60
30 mm 14.32 13.35 10.72 6.92 7.40
Planar 14.82 13.46 9.46 3.83 10.99
60 mm 14.76 13.42 9.43 3.75 11.01
0.75,
45 mm 14.71 13.38 9.43 3.79 10.92
30 mm 14.55 13.24 9.38 3.88 10.67

o a = | A )
ANNHANITINADIAIT NN 3.6 LATAITIN 3.7 NUIINITEN UTLELU19UDY

'3 ] v . .. o w ~ X o w
p9AUTENaUdINalYAN Directivity 1998189 1AALEIEIAULNLATY Lagd1881N1ALAIa1RU SPPA
TiAn Directivity MigandnaneeiniAwalsifu SCPA WunadnumazotdlsenauvesaseInie
SPPA flau1AE1ARUNLAY WBTIUKNAUINTNIWINADTVDLUUTUNITUHNE 1WA YITARATIY

YBIUUFUNMTUHNGINUTAIEINTT d@80INALAIEIRY SCPA

o

FAMSUNSTAANIIUDIEIAAY NSINNTLEEY19Y8909AUSENDU dnaliilinAdny

AANALARDUNITRANIY L1BI9INHAYIN Grating lobe ASHUITELTEUIOIDIAUTENOUTILANN L EL

WU 0.604,

HAN1TTIAMVUTUNMTUR NS I UVRIEIgaINARAIaIR Y tneldseaeiieves
29AUSENBULYTINAY 0.604, Lﬁaﬂ%'ué’m?{uiﬂé'fqﬁmmmm 0 991, 15 99A1, 30 99A1 Way 45
931 10ur1 Normalized Directivity #3gn Normalized gy 0 83A18381881M1ALAIATGY
SPPA WAz SCPA $ail 60mm, 45mm uaz 30mm wanadsnnuszneud 3.230) AMwlsznoud

3.23%) Lagn MUsENaudl 3.23A) ANE1AU FITAIMMITIANMDSAIE A1 AD josireq ABAIAINM



86

UANA19Y8IAT Directivity gegnvuassiumisiyuiiaula (Desired direction) kagA1 ADpeqy FBAN

ANULANAYRIAT Directivity gegnvuasiunisiaiaduanansausulule (Peak direction)

IINA1599 3.6 UATAITIT 3.7 WUTT @18DINIALAIEIRY SCPA fiA1Ary
LANFI1$Y0 Directivity g9dA (max AD) walusunis Peak direction wag Desired direction
o831 @1eeINIALIIEIRU SPPA naIAe angaInNAkadaIny SCPA TinuaudalunisaInig
WA sunUasvesuaundgn (Constant gain) vauzUsud1Ad uludasunysgusigg 166ndn
#1891N1ALNIAINU SPPA

AMFUNSTTFNIURIEIARY EN8DINIALDIEITU SCPA finnuusludwesn1sd
FAnafininasenALaIaIsu SPPA Wesanwuindindunileesruszneu s8sE1eoInALa)
§19U SCPA fluunainduninaninuundiadunieesrussnauagoInaLIaIsu SPPA Lilai
nuugUnswEndsnuesauliivemilsesduszney gatuiusznouase (Aray factor)

WA HUUFUNTUANES1UYBIE88INALIIARU SCPA @13130AIANYLIAYDILBUNTAVBIAT

2 '
A

AR waEHAULINEINTTRAN9ETY WalmsuSuaaduludafianiewingmainyy Broadside
(0 8377) UBNIAINTA1YBINAUAIAIAU SCPA (R = 30mm) ATIUIAAIIUNT1EIAT UVBS

24AU5ENBUNINNINBIAUSENBUVVBILAIAINU SCPA (R =60mm) kazuknia1nyu SCPA (R =

1%
a

Y v P a ) ~ a0 8 v
a5mm) Tsian AD UDYVIER WATUAIURIULINITTNANIANINANUBY

1% '
N a

faliI1 ANANULANANUDY Directivity wazdAnuullugIn15¥AFnIsilausuan
AAULUSI7IANI96199 V0381801N1ALEIEIAU SCPA (R = 30mm) TinaiifnitaigainiAun

anurwIndue Wendndes egdlsinudITenesiiunuilduvedasoiniAuLa AU liNg

AauUR Constant gain karANULIUE1VRINITTANIBITIATLEY AaaaNTUTUAIARY



5 T T T T T T T T T
* + ADdesired,l’lanar + ¢
or ADpeak,R60 X X AD
\ desired,R60
753 N N R I A AL WY (R < ity

Normalized Directivity (dB)

ADpeak,Planar

............. Planar @0deg R=60mm. @0deg
------------- Planar @15deg R=60mm. @15deg
r Planar @30deg R=60mm. @30deg o
............. Planar @45deg R=60mm. @45deg
1 1 1 1 1 1 1 45° 1 1
-80 -60 -40 =20 0 20 40 60 80

Theta(deg)
f) ﬂ?ﬂ@?ﬂ’]ﬂLLﬁ]’]ﬁ’]ﬁU SPPA lag SCPA (R = 60mm)

v.¥

ADdesired,Planar + ¢
ADpeak, R45 <

™ ADdesired,R45

-5
2
= .
ZI0f
=
g -15
=
a 1
T 20 i -
N [ < R
= : i
g -25 i '
= | : !
= Vs b !
4 ¥ ] |
30| G _ ;& .
A [T Planar @0deg R=45mm. @0deg :
------------- Planar @15deg R=45mm. @15deg |
351 Planar @30deg R=45mm. @30deg ! &
............. Planar @45deg R=45mm. @45deg : :
-40 I | | I I L L 45 I I
-80 -60 -40 -20 0 20 40 60 80

Theta(deg)

Q) @1991N1ALAIAIAU SPPA Laz SCPA (R = 45mm)

87
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5 T T

ADdesired,Planar¢ ¢

£ X X
\

V.V
ADpeakr30 . ADgesired R30
* f esired,

ADpeak,Planar

Normalized Directivity (dB)

i R Planar @0deg

R=30mm. @0deg

------------- Planar @15deg R=30mm. @15deg

35 Planar @30deg R=30mm. @30deg By
------------- Planar @45deg R=30mm. @45deg .

_40 1 1 1 1 1 1 45 1 1
-80 -60 -40 -20 0 20 40 60 80

Theta(deg)
A) @8DINALNIANU SPPA wag SCPA (R = 30mm)

AMNUIENaUN 3.23 HANNTINARILUUFUNSUHANNIVREAEBINALA I Y

meAuautRn1sAAIANNNSIURBULUaweIRanT s v USuaaaulUSayusinge

[
a [

(Constant gain) WaglAMULIUEINITVRANIS VBIE1881N1ALAIEIRU SCPA (R = 30mm) Tagil
TEE¥NNTRIRIAUTENOUMNAY 0.604, HIdBIFBNTIazaswfuluUaIgDINA Favgiiausly

PUain kY

F1UNaN1TA188999E18INALAEIN U SCPA (R = 30mm) NMenain1susu
9U Matching LERanNT197 3.8 A18RTIvENETFIuMLs Desired direction Aoy 0 94f1, 15
94977, 30 99A1 WAy 45 83F1 UAWVINAU 12.86 dBi, 12.59 dBi, 11.84 dBi waz 9.64 dBi MINEIAU
1AIANULANAIIYDIATNTIVEEGIAR fisuanils Desired direction ( AG gesireq) WU 3.22
dB wazdnseneiisumis Peak direction flanseiniaanansauiudnaululdfesm 0 sam, 13
949A7, 23 83A1 WA 35 99A7 AAWWNAU 12.86 dBi, 12.80 dBi, 12.70 dBi kag 11.50 dBi A"

AUAIVBIONTIVYNBEIEAVBIAIULNUS Peak direction (AGpeqr) WINFU 1.36 dB wazilan

AUARIALAABUNITTNANIWINNU 22.22%
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AN5199 3.8 WANNSINABIVBIBINALDIAIAU SCPA (R = 30mm)

Parameter Beam1 Beam2 Beam3 Beam4 ijxB)AG
Sim. Gain at desired (0 deg) (15 deg) (30 deg) (45 deg)
directions (dBi) 12.86 12.59 11.84 9.64 2
Sim. Gain at beam (0 deg) (13 deg) (23 deg) (35 deg)
peak directions (dBi) 12.86 12.80 12.70 11.50 136

2) A1 S-Parameter

N15918949A1 S-parameter YIA1HDINALAIAIAU SPPA LAZAIE8INIALAD
19U SPCA S@sl 60mm, 45mm wag 30mm Usznaulumig 1. Anduused@ns nsavviau
(Reflection coefficient) Inganea1n1AAslA1duUseEN5n15asnousg19uaemInI1 -10 dB 9

Aag v P v O 1w a £ v a o < a ¢
AMITTTRNILUUAD 2.45 GHz AtUAELUIZANENITAENDUTINNING @1891N1ANILDILNAT
196 way 2. ANduUSEaNS n15d96 U (Transmission coefficient) S¥121989AUTENBUV D

A1891N1ALAIEINUTIRDIOHATIN Mutual coupling s¥nineesAlsenay

NAN1931809AN S-parameter YBIE18BINIALAIEIAU SPPA SATvnAvotus
WATAIIDINAWDIAIAU SPCA N5ATMNAU 60mm, 45mm kag 30mm WaAIRININUTENBUN
2.240) AMNUTENBUN 3.24%) AMNUSENBUN 3.240) kazA NUTENBUN 3.249) ANUAINU WaY

LAAINANISHUSIULNBUFAINNTIN 3.9

INNANTITI889 A1 Return loss VB90IAUSENDUN 1 (S1,1) way 4 (S4,4) way

29AUTENBUTN 2 (S2,2) kae 3 (53,3) UANtnatAeeny 1e991na1891n AL Ia e ULENLIMT

A1891N1ALAIEIAU SPPA Tnavedn1s Matching AnINa@N8e1nALaIaIRu SCPA
LaTNNITANTUINYBISANANNLATBIAUTENBUVDIENEDINIALAIEINU SCPA Y111 AIN1S Matching

LEAd
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dnsuAduUsEansSn1sdanIy @181n1AwaIa9U SPPA Tvinaan Isolation #1

NI1E80INFLAIAIA U SCPA LarN15aRIUIAYISALAINLAIIAUIENBUYBIAIYDINTFLE Y

o w

810U SCPA danalyien Isolation @9 118931N89AUTENBUVDIAIEDINIALAIAINU SCPA §
YUIRVBIAIAA U NI Y11 Mutual coupling SgnintesAUsEnaud1LABLAnd ulad1anin

AN991NALDIAIFU SPPA WazuananNtaeaIn1@ SCPA Sasl 30mm NesrUsenauilauinan

a

= 9] o= A .
AAUNINNIT UAN Isolation E,:'N'ﬂaﬂ

q

A3 3.9 NANITI1AD9AT S-parameter YBIAIEDINIFLAIAIRU SPPA wag SCPA

S-parameter (dB) at 2.45 GHz
Radius (R)
S1,1 S2,2 S3,3 S4,4 S2,1 S3,2 S4,3
Planar -30.27 -26.22 -26.22 -30.27 -21.23 -21.29 -21.18
R =60 mm -23.52 -28.95 -28.95 -23.52 -20.18 -20.13 -20.18
R =45 mm -23.28 -29.10 -29.10 -23.28 -19.90 -19.87 -19.89
R =30 mm -21.29 -26.77 -26.77 -21.29 -19.21 -19.23 -19.20

S-Parameters (dB)

—O©— Planar S11 —— Planar S21

Planar S32

+ Planar S22

Planar §33 ——— Planar S43 [k
—3— Planar S44
-40 I I I I I
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
) @1891N1ALLOIA1R U SPPA



S-Parameters (dB)

S-Parameters (dB)

\‘\ .
—6— R=60 mm S11 —— R=60 mm S21
35| —— R=60 mm S22 —&— R=60 mm S32 | |
R=60 mm $33 —+— R=60 mm S43
—— R=60 mm S44
_40 1 1 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
9) @891N1FLAIa1MU SCPA (R = 60 mm)

—O6— R=45mm S11 —— R=45 mm S21
35k —f— R=45 mm S22 —&— R=45 mm S32 | |
R=45 mm S33 —+— R=45 mm $43 }

=3 R=45 mm S44
_40 1 1 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
A) @1891N1ALRIERU SCPA (R = 45 mm)

91
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S-Parameters (dB)

—6—R=30 mm S11 —%— R=30 mm S21
35k —— R=30 mm S22 —&— R=30 mm S32 %

£+ R=30 mm S33 —+— R=30 mm S43
—%— R=30 mm S44

_40 1 1 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
9) @1891N1EkaIa1e U SCPA (R = 30 mm)

AMUTENBUN 3.24 NANITINABIAT S-parameter YOIANEDINIALAIAINY

3.3.2 N15851981891N1AAAI1AU SCPA (R = 30 mm)

ANUSENBUT 3.25 SULUUEEDINALAIEIRU SCPA (R = 30 mm)

FULVUAEDINIAWNNT SCPA (R = 30 mm) 1nandaissaduuwnidianu SCPA (R
= 30mm) - Planar phased array {l538298999AU5¥N0U (d) AU 0.601, Lansfsnmusznau

1 3.25 Wesanlassadravesargenniaduunnddeslna 3edndudesiilaseasts Support Lile
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[ a

LenTuiangIuTILaznse 1a5easa Support Lulnaauilfa Januila PLA a51991nip3 0

3D Printer LansnuauURfm15199 3.2

3.3.3 NSNAFUEI88INALAAIAU SCPA (R = 30 mm)

AMYNFIINNAITAT19@88INA ﬁﬂéf‘uLmestmﬂmmaaui’mmé’ﬂwmmaq

a1891n7A UsENaueieg A1 S-Parameter, 8319818 WATLUUTUNITURNGIY

1) A1 S-Parameter

N15NAd@RUA S-parameter Usznaulinae 1. anduUsednd nsasviou

(Reflection coefficient) IngangaINIAAISHANAUUSZENTN15ALNOUDE19UBEAINTT -10 dB 7

Aag v 2 v & 1w a £ v a o I3 a ¢
ﬁ?qﬂﬁmiﬁa@ﬂLLUUﬂa 2.45 GHz ﬁﬂuu@ﬂamﬂigﬁmﬁﬂqiagﬂau‘&lﬂG]WllqﬂG] GRIRRIARGIRRBIN UL

a £ 1

165 AsneadeuinAtduUszans nsavieu TnetaAi Retumn loss ¥e399AUsENOUT fa9nIs
NAdDU LLazaaﬂ'Uszﬂauﬁmﬁa%Qﬂ Terminate #a8lnanuun 50Q uay 2. AduUsEaNaA1S
&6 (Transmission coefficient) 5¥111999AUSENBUYBIAILBINIALIIAINU N1TNAABUTAA
FuUszansnisdeinu Tne¥aa Isolation vesdesesfUszneuidesmsnnasy wayosrUsznoud

\WiHearQn Terminate smMelvianvuin 50Q

VAABUAT S-parameter F18LA3 093 ATILNATIUBLAAIRIANUTENOUT 3.26
NANITNAAOUAN S-parameter WARITININUTZNOUT 3.27 Warm13197 3.10 wan1svadeuling
donnaasiunanIssians TneAn Return loss Yedusara9fUsEnoUaNNTaYMIuTinNg 2.45
GHz Tneuiazosfusznauiia Retumn loss unnsadudntios osenwaainanalyuiugrann

N198319AULUY Yl9n15A1 Impedance matching UasiAazasAlsznaulivingy

M5 3.10 NANITNAABUAT S-parameter VOSAIEDINTIALAIAIAU SCPA (R=30 mm)

S-Parameter (dB) at 2.45 GHz
S1,1 S2,2 S3,3 S4.,4 S2,1 S3,2 54,3
-14.76 -16.18 -25.26 -17.84 -20.04 -17.35 -17.87
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Antenna Array (R =30 mm)

Magnitude of S-Parameters (dB)

—O©— Measured S11 —%— Measured S21
35| + Measured S22 —6— Measured S32 | |

Measured S33 ——+—— Measured S43
—¥—— Measured S44

_40 1 1 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
ANUTZNBUN 3.27 NANTNAFDUAT S-parameter U9IA1801AALAIEIRU SCPA (R=30 mm)
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2) wuugUNsUENALeU (Radiation pattern)

NSNAABUINEATIVENY LTl UUFUNITUHNE I UVIAURUUANEDINIALIEIRY
SCPA (R=30 mm) w@ndsfan musznouii 3.28 naaaunialu Semi-aecnahoic chamber 7
asusoulumsuni Absorber aelunisneaasuszneulumie 1. aweiniAniags (Transmitting
antenna) 2. 15833A51MIASIU18 (Network analyzer) wag 3. FULUUAIEDINIATIFBINSVIAGEY
(Antenna Under Test, AUT) 70828199518 outila @1nsudounszuanazialudounas

DIAUTENBUVBIEILDINIABD AU

..., ‘ Semi-anechoic Chamber

all
~ Transmitting
Antenna

<

1

RF Absorber | To

Network
Analyzer

TN

‘:;' 3 ‘}rar\

i

Antenna Array Prototype

Tumtable

4-way Power Splitter

T
# !
..............

To Network Analyzer | = o ;‘. g
Tunable Phase '_
Shifters "

ANUENBUTN 3.28 NMINAFBUTAKUUTUNTUNNANULAZBRTIVENY
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NINAEDUINENTIVEY AN5ilmesannsunisnadey Al Py A9 Na99IUIIN

A o w

&4, P e MaIin1Asy, G AD 8RT1U818U098189INANIAGS, G AD BRTIVYILVDIEIYDINA
aasugalunilde duluvaiweIne, Ly Asmdsnugayideanaieindygin, Lps Aoiawiuy
= dt' A o = . N
FEULABVRNATAOWNG, Lypierer ABMNIUGNYFYYDY d-way Power splitter, Lgsp, ABNS

a

aadelueiniadne uazszes d Ao szesvinsseninaseiniaduassy dudussezniany
aanraadnUszezaudlng TnenisniwaswmaniazdielunseuluA1IsnsIvene @1u1InAIUIN
ANFUNITNITAINIUVINSAFIAUNT (3.9) 119A18DINIANIAST U UAULUUAIEDINIAFILITO

[

Fasuwvvannsinulamaannis (3.10)

Y

Pgr = Pr + Gy + Gg — Lpsp, — Lt — Lps — Lypuitter (3.9)
GR = PR - PT - GT + LFSPL + LT + LPS + Lsplitter (310)

AISNAFBUDNITIVY18VDY @180 1NARAIANU SCPA (R=30 mm) An15nadau
NIUUA 4 NiEN1e A 0 89A, 15 896, 30 way 45 89f1 nan1sdawnalinaresausenaun
LANANAUAD 0 B3, 45 B9f7, 90 DY WAz 135 3dn ag19lsAnuaInunill {3dedeinIs

NAISUNNANVDIAIARUNIAUA 7 AANIIAB 0 B9A1, +15 B9A1, +30 9IAT WAL +45 DIAT WAl

v
v A

~ ° <, U & = a Y = a
LUBIA89INIALDIAIAVLLUY @188 1N1AFNNINT ANUUIINAFDU LNYIATULALIAD O 249A1, 15

24A, 30 Lhay 45 99AN

Nadaufi AL 2.45 GHz B3 uduainainddlimassny (Pr) 20 dBm TuUss
awonanedsduaigeinia Log periodic Tensiveny (Gr) Wity 8.5 dBi 5388M195ERINg
AAgawaEn1asu (d) Wiy 2.70 m ansaduiunsagdslueiniaing (Legpy) Wi
48.85 dB 21naun1T (3.2) msgaysdsluanethdyaias (L) Wiy 2.86 dB n3aaideuedieas

Aouwla (Lpg) fawinfu 6.20 dB nnsasydeann Power splitter (Lsppirer) WU 6.70 dB

Weniasulasumaeanu (Pp) axisamuinensivens (Gg) suaunis (3.10)
war MInageuiakuUIUNITUHNGIuTUinA1 S2,1 YDUATDIIATIENIATIVIY WEAAINANS

neEURUUFUNM SN TuA Normalized Gain seyu 0 a3 Weusuarduliyusieg 0
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99A7, 15 93A7, 30 99A LA 45 99A1 VBITTUIU H-plane LAAIAININUTENOUN 3.29 Lag

WS UG URNANISNAZDUAIANTINN 3.11

AN 3.11 WANNSNAFDUAULUUANYBINALDIAIAU SCPA (R=30 mm)

Parameters Beam1 Beam2 Beam3 Beam4 m?d);)AG
Sim. Gain at desired (0 deg) (15 deg) (30 deg) (45 deg)
directions (dBi) 12.86 12.59 11.84 9.64 22
Meas. Gain at desired (0 deg) (15 deg) (30 deg) (45 deg)
directions (dlBi) 11.83 11.25 10.94 9.11 212
Sim. Gain at beam peak | (0 deg) (13 deg) (23 deg) (35 deg)
directions (dBi) 12.86 12.80 12.70 11.50 13
Meas. Gain at beam (0 deg) (13 deg) (25 deg) (35 deg)
peak directions (dBi) 11.83 11.48 11.41 10.06 b

Normalized Gain (dB)

Simulated @0deg
Simulated @15deg

............. Measured @Odeg
------------- Measured @15deg

e T T~

351 Simulated @30deg Measured @30deg
Simulated @45deg rrrrrrerree Measured @45deg
_40 1 1 1 1 1 Il 1 Ed
-80 -60 -40 -20 0 20 40 60 80

Theta(deg)

ANUTENBUN 3.29 HANISVAFBULUUFUNISHHNGNNUVBILAEEIAU SCPA (R= 30mm)
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nan1snadeuiuiliuvesdaduaenndestunanissiass fuwuuaIee1n Al
§uenegegn 11.83 dBi fisumta 0 asen Weusudnauludaiiamisingg faanuunnsis
suaqé’mwmaqﬂqmﬁﬁ%mm Desired direction (AGmeas desirea) 11U 2.72 dB was s
Peak direction (AGmeqs peax) M1 U 1.77 dB Feir1osndn 3 dB §enaala31dunuy

AERINARAIAIAY SCPA (R=30 mm) inasaudfaudu Constant gain

HAN1INAABUNITTN ARG U aUS U RE ulUSaiieni9s99) lawnyu 0
83A1, 15 99A1, 30 09PN Uag 45 BepN AukUAIaIMAINTaUTUaIAaUlUlARe 0 e, 13

249F1, 25 99AT LAY 35 B89AT AIUAINU UAINUAAIALAR DUNITY T ANI9T ABUT NN ALY

22.22%
3.4 g5
UNHULEUDNITATUIAT Power budget WazN1599NLUY 91899 NIAGBUEIEDINA ALl

1. M3 Power budget Y8958 UULIANINTINIUTRgUUaNUaoY 2NNITAUINERTIVEN
a v ‘:4' A o v Y ° Py ' P . =1
vosaganAndoeigavi sy uudsanunsavihauls waregaeldteuly Margin vasseuul

A253la8N91aY 30 dB ASHANeE19LeuWINAU 13 dBi
2. ANSPBNWUY, 918049, @519 LasNAdaUaIYDINIA

arweniaiinausluuide Wuageiniauaiainusuungy lnefiuaas

saduszneulluaseniaunmduuuasy Ainaaudfainduning dwaliaseiniauaididiv

(%
a

wuuAssy dnaudf Constant gain UavlAnuutdugnsiiamises vazdiuaaau

2

W3 SI5UAUIN NMTEONLUVEIDINALNTTIIN 1 D9FUsENEU FuUSouiiou
frafuraiun 4 Yunaldun a1ee1naunmd SPPA Saflvinduetud, angennieumme SCPA (R =
60mm), @ga1NALNNY SCPA (R = 45mm) wazanga1nawnyny SCPA (R = 30mm) 31nRans
$1a0IATNAFEU NMsanuLNRSATivasageIN ALY dsalivunndinaunineiy Tneangenne
WWNT SPPA, @188101AWNNY SCPA (R = 60mm), @188101@hNNY SCPA (R = 45mm) hay

AN89INALNNT SCPA (R = 30mm) flauinanaaudail 64 091, 74.60 946, 79.20 9971 LAY
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% Va v YV

89.70 93/ MUY §IFBFOINTVUINEIRAUIUIAWINAY 90 B3 usiagalsinudiedadiin

'
va o [

yaslAsvasNaea NN ITeaunsoasneld Tunnalaswaiesadidniigalaiiies 30 mm

(%
o

Tudaudaun dresAusenauwnngie 4 auind1edy nseaduaigenieund
a10u (Planar phased array) 3u19 4X1 99AUsznoU Laodzs11399909A UTENBULYINAY
0.602, 7iAUA 2.45 GHz Lﬁa'«j’waaﬁﬂmé’ﬂwmmmmszmﬂ §adl 1. n591a0eAn Directivity
Lﬁaﬂ%’wi’%mﬁwmhm lewnyu 0 896, 15 83A1, 30 3R LA 45 BIA1 ATUIUNIAIAITY
LANAN9YDS Directivity geagaiilousudindu ieiussuliisuauantaninudy Constant gain
LaE 2. MITNasINIsIRiAMesEInaY Aensandsanuuiulunsifienwesdnay Weusud

o
AU

31NN153188UATNAFDU A18DINALAIAIGU SCPA (R = 30mm) U9 4X1

29AUTENOU UT8e11990909AUTENOUWINAY 0.601, 1inaand® Constant gain fdA1A1Y
WANA19YRIBNI1VEBgeanliiiu 3 dB Wiy 2.72 dB Weadin1susuaieduludeusingg ud
| < o v v v X a A J a A 1% =
2¢139l30u @1wenALaIsId Ut Ul dAuAaIAAaUYDINTTAANIITABELI9NIN T

ANAATIALAA DULNNAY 22.22% tTuNaannuuInedrUsenaurelalalsuilassasiaduy

¥
1 o

agINALNYTLUUTauln vinlresAusznaulaunlngAotivunaNuitvindy 90X110 mm? 1o

1 v v -

v a & o W Y ] I A v a a 1% =
dnssadunnidifuaseevnueteInUsenauntesngan oz lidousiudumntu 0.604, 39
lAsunaan Gating lode AvseAuredlaud197ge NANITTNABIUUUTUNITUN NT 11U

AN981NFLAIAIRU SCPA (R = 30mm) J5¢aUradlaudnavinnu -13.00 dB AdUULNDAANADIN

o
a [J

Gating lode MdINAADANULLUNITTNANIVBILOIAIRU TEUTUITLUNINBIAUTENDUAITHTT Y

WU 0.502, H33829N15aATUIAYRID9AYTENBUAY WD lANINTRIALS B aId IR Ul

S¥8LWINNU 0.501, Wmeagdausluungall
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unil 4 N1SANTYUINEIYDINA

IS |

999NN UNNDUNTN AULUUAIEDINIAKDIANNU SCPA SATILVNAU 30 mm 1196a
N15971809LAENISNAFDUVDIANYDINIAKAIAIAU HNAAITUAIALAR BUNITTNANIIVDIFIAAY

I £ = A dya [ = 14 ! (3
ADUTINNA TAMUAIALARDUNSTNANIUYINAY 22.22% LB3anlATIas19v0naz Al sena

(%
LY o

Ju angoinmiewnnduuurente InsunsngeseiniAssninestuns ke uianguses vilid

lassasefilvgninangeiniaunmdsssunn dadlvuaiiufimingu 90X110 mm? Wedasealu

L2

LOIEIFULAT STEsviNvetatAUsEnauniveeigaiiasnusenaulidviudaunuvinfu 0.604, 1is

Usuarauludsiimnemnge iiaanuraiandoulunisiivienig naaindami Gating lode fetiy
= s a Yal (3 <

g3eUszyndmAianITanruIAvesEEeIN A YLIA YatRIAUTENBULEANAY d11150)

Y

JnssadunnligndunssesuatesRUsEnaUWINAU 0.504, L9

N1TAAVUIAVBIANLDINIARNNT au15avitameiunaneds wu nsiudeuian

(%
o

FUTaNgIUTOIVRIA18DINAT AT Dielectric g4, inadla Defected Ground Structure (DGS),

N15L3789049 (Slot), wiAtla Defected Patch Structure (DPS) LLaSWIﬂﬁﬂm‘iVT’]’stU Fractal +Ju

€

a a

Y @ m$Uisn1s DGS AanisianzdadlussuIunsig fuduisnldausg1unIviany uwaagnalsn

- v =i Yoo Y . = ' -
AMUHBINAULUUENEBINFNDRALUY 935N sUoudmluy Coaxial probe Falsliviuned

A

1%
v =

3¢1975 DGS aefudaudenldisnisanvuinvesangeiniesiggy Fractal Fad1s0n15a8319

ANYDINA
4.1 m'iamlmﬂmammﬂé"aﬂ"‘;%m'igﬂ Minkowski Fractal [18]

N15AAYUINAIEDIN1ALNNT A 18359 U Fractal iun1sii uvuranielwdn
(Electrical size) visatdumsifiutdunianisluaveanszia (Current flow) vinlviaiudnangeinia
PY191UANUDNNAY FEUTNAAVUIAVDIAEDINNALS warluIdedltnTanvuInaI881INARIY

Q“LJ Minkowski Fractal [18]
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N138RATUIAVBIA18DINIARIEGYU Minkowski Fractal agiiiadunienistnaves
NITUARIENITNTOY UAnIRININUsENBUN 4.1 N13UAsuRUaIveagUs19 Minkowski Fractal

Curve $4e =0, 1 kay 2 WAAIANWUENNSIANTBIUB Minkowski Fractal san wusenaui 4.2

Initiator 1°! Iteration 2" Iteration
n=0 n=1 n=2
AmUsznaud 4.1 mimﬁammaﬂgﬂéwgﬂ Minkowski Fractal [18]

Ao

Indentation length

A
v Indentation width

A
\ 4

B

AUsEnaudl 4.2 J03ues Minkowski Fractal [18]

ANSATLIUIUINVBY Indentation U89 1% Minkowski Fractal ssa@unis (4.1) wag
(4.2) lne9 i A9 Indentation factor ANDMIIAIUTENINGAN Indentation width wag Indentation
length, 4, ABAIUBINTNAL, A ADAIIUYIVOS Indentation (Indentation length), B Ain A4

1199849 Indentation (Indentation width)

indentation length, A = ?0 (4.1)
Ao x ! (4.2)
3

indentation width, B =
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W w
A A
WX i
v
A
L L
3
\ 4
<>
Lxi
3
\ 4
Initiator 1% Iteration

AMnUsENauN 4.3 1aseas1eaeainid 1 lteration Minkowski Fractal

N1sANEINaTeINISIUABULUAIAT Indentation factor (i) ADAITUDLSLELUULY
TngLUSauLigum Indentation factor #9ws 0 — 0.90 YBIAEDINIAWLNNY WUU 1% Iteration
Minkowski Fractal w@ndlas9a519089a@18 N 1ARININUSLNBUN 4.3 TASIAS19ag0INFLNNTGT

A1 Indentation factor singe AN nUsTNOUN 4.4

No indentation
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e

i =0.8 i=09
AMNUSENOUN 4.4 TASIa51981891nFkNNT Minkowski Fractal

F
%

S11(dB)

-30 ¢ No indentation i=0.5
e | = (). 1 s | = ()6
i=0.2 — = (.7
-35 —i=0.3 — = (.8
i=04 — = (.9

_40 | Il 1 1 1 1 1 Il 1

1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6
Frequency (GHz)

AMUszNoUN 4.5 nan1sinasdulsednsnisasiau A1 Indentation factor M1

AT 4.1 Nan159189A1ANALTIYLULGTA indentation factor 719¢)

Indentation factor (i) Resonance frequency (GHz)
No indentation 2.45
0.1 2.44
0.2 2.42
0.3 2.36
0.4 2.28
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Indentation factor (i) Resonance frequency (GHz)
0.5 2.19
0.6 2.09
0.7 1.97
0.8 1.85
0.9 1.71

NAN1531809ANANUSEANT NSALY oUVeId1891NAN AN Indentation factor
199 LERIRININUIZNOUT 4.5 3NNAan1391a99 N131UAsuLUaUe9A1 indentation factor
danariamUDLSIawULs NSIALAT indentation factor YNAAUDLSIULUUTLADUNIAT AIUUTS

AN11508ATUINYRIA1DINIALS LD LAE18DINATIVUNALALAINUDNADINTS
4.2 N159BNKUVEIYDINA

N1590nkUUlATIATI9RIAUTENOUYDIELRINIALIIAINU InsusiazesAUsenaull
Tassasruduarsoinaunnduuutonta wavdszgndldinatianisanuuinvedasainianieis

QU Minkowski Fractal

A1891N1AYI9NUT AUD 2.45 GHz aaSsad ulada1a Ui sEessEul 19
29AUTENDUINAY 0.501, JAWINAY 61.22 mm AstuluInvedLiazesnlsenaunowdivuinlyl

WU 61.22 mm 39azanuisasnssaduwaidsule

n1seenkuuaIgeInNIAkNnY lagUssendldimalanisanuuinn 1835y

Y

Minkonski Fractal 1A5985199898189101A9L A5 AN 09N A1UE17 (L) Waza1undng (W) 289

ANUDINABNNS F1U150AUIUNLAINENNT (4.1) wag (4.2) dmSUuRueVBIaIgaINIATvUI.

' = ~ | v 1 ¥ v ' o Lxi
995898 (L,) Svwadunilsdiuauwinvessuend (EL) LaZAIUNINNTBISEY (L;) WU Tl
Tngd wazdmsuaunitevesaisoInAlivunvedsetend (W,) Wunilsdiuanuyinuesniugnd

Wi
3

(% w) LazFuNINesIes (W) wiiu
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nsUssendldinaiinanvuinaigoInaniedsqu Minkowski Fractal fulaseasng
A189101FLWNTY SPPA 138177 “Minkowski Fractal Suspended Planar Patch Antenna” #3©
MKF-SPPA fsnwusenaudl 4.7 uazUssyndldfuangenniaunnd SCPA 15ond1 “Minkowski
Fractal Suspended Conformal Patch Antenna” #5® MKF-SCPA L@AINISLATIAT 1903
awdszneud 4.8 fwnsilmedded W Asruiannuniiwesaigeinewwnd, L Asvuinainy
g1IVDIEERINAWNNT, W, ADIUINANUNTNVDINTTI, Ly ADYUIAANILENIVBINTIIN, Y, B
srezvaagnUaudan, hy ApAMUMLNTBITUENA, Ky ﬁammwuwaq%ﬁui’aﬂgmim, £yq PO
Anlndidnnsnvestueind, e, ﬁaﬂ'fﬂm@Lﬁﬂ@%ﬂ%ﬁ?ﬁ'ﬂ@gmim, L, ADAINLYNITVBITIVDY
ATULINNG, L; ADAIINNT19VDITIVDIATULNT, W, ADAIINYNIVDITBIVDIATUNITIUNNTG, W,
ADANNATINVBITOIVDIATUNTNUNNT WAL Rupe AOSANUDIEEDINA LasNAIMUASALLAI YD
ANUONALNNBYINTY 60 mm, 45 mm way 30 mm FaviloufuUNAeUnRT LERIAINISIneS

999LATIAS9E1DINARNNT MKF 9U1A 1 99AUTENDU 91NNISATUIUAIAIGTIN 4.2

YUIAVBIANILDINANIEVAINITANVUIALBILVUNANUTYNAYU 59.11X60.12 mm?
WoSeuisuiuaigaIn1AnouanuuIAG It YUIANUTIYNGY 90X110 mm?2 AYuIafiuniadnad

379% UIDAVUIANUTLVINAU 63% VDIANEDINIANDUAATUIA

'\
A

]
Y
N.!

Vol L; €, tand,
ol i = €1, tand “

il

A
i A
»i
)

) AU Q) AU

AUsEneud 4.6 Tassadneaneennid MKF-SPPA
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X
Y

]
Y
~.

=]
N

) ANUNLN ) AUV

AMNUsENauU 4.7 1AS9851981891nN1AWNNS SCPA

G]’]i’]ﬂ‘ﬁl 4.2 AMN51ALR05V0IEIEINTE MKF-SPPA ey MKF-SCPA

N1513LMD3 fauds A1 28
ﬂ'ﬂl@%Lﬁﬂm%ﬂ%aq%gui’aﬂgmsm (Dielectric constant) &r1 4.30 -
AlnBidnn3nvesduninia (Dielectric constant in free Er2 1.00 -
space)

AnlndLann3nauya (Equivalent dielectric constant) Ereq 1.05 -

mwwuwm%ui’aqgmsaa (Substrate thickness) hy 0.20 mm
mmumﬁuaa%gummﬂ (Air gap thickness) h, 3.00 mm
AUNTISVBILNNTG (Patch width) w 40.37 mm
ANEIVOIUNNTG (Patch length) L 40.92 mm
Indentation factor i 0.71 -

AINUAINVDITBY VBIATUAIILAND W; 9.53 mm
AINYNIVBITBY VBIATUNTIILNNG W, 13.46 mm
AIUNTSVBITBY VDIATULNILNNG L; 9.66 mm
AINEIVBITBS VOIATULTILNNG L, 13.64 mm




107

TRERETT L Aauds A %Y
ynloudayan (feed point) Yo 36.92 mm
AINNAIN9UBINS138 (Ground width) Wy 59.57 mm
ANEIVDINT1IA (Ground length) Lg 60.12 mm
SAtinnulAg (Radius) Rpnt | o0, 30, 45,60 | mm

4.3 N153189981821N"A

a

N138AVUINA1801N1AR 835U Minkowski Fractal lUUssgndfuanganie

WV SPPA Lazan8a1n1@wnng SCPA o lAuuIAva4a1891N AT UIALANALN N E1USU

Jnssadunaigaulidssesvinavasesausenauwindu 0.504,

4.3.1 #1891n1¢ 1 89AUsZNBU (Single element)

NVUIALALLASIASIIVDIAEDINATN LABBNLUU 31889d1881nAR8lUTHATY
Traosnduwimanini CST Wefiansanqudnuvazaesasoinia laun Adudszansnisaziou
, BRS17818 LATUUUTUNTUNNA 4911 AILANILATIAS19@801N1AN8TUIUSWASUINABIR g

AMUTENOUN 4.8 wazlasiadisaueInANSoNnle Support AININUTENDUN 4.9

n) @181NFLNNT MKF-SPPA %) @18DINIALNNG MKF-SCPA

AMNUsenaud 4.8 lumaaeanAwnnguunn 1 a9rusenaululuswnsuinasy
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) @18DINIABNNG MKF-SPPA %) @18DINIALNNG MKF-SCPA

amdsznaud 4.9 Tuwaaiseiniawnyntnas Support TulUsunsudians

AN5T18DIANYDINALNNY MKF-SPPA Lay a@nga1n1dwnns MKF-SCPA
TASIES 1AL VUINYBALUARF18DINALVUINNNY wWANANNAUNSATANULAIRD auus (Planar),

60 mm, 45 mm Lag 30 mm

[

o v o A 1 < a a s o W
Namimaaqa’mmmmm&ﬂﬂimemaamammmaﬂl‘w% WANTUINITUEADINEIALY PN

=De

1) Anduuszansnisasiiou (Reflection coefficient)

NaN3TADIANdLUTEANS AL TouvetANERINIALITY MKF-SPPA uay MKF-
SCPA 5ATiane9 wansfanmusenoud 4.10 anuanisiiaes nMsandadainuldwesasainie
wnnd vinlirudisleuuudgnideuludsauien wazdenasents Matching vesanso1na lng
A001n1ALNNT MKF-SPPA Saslvinduetiud Tikan1s Matching Aninaeo1n1aunnd MKF-
SCPA Tii3#i 60 mm, 45 mm way 30 mm AUEU KaruenIININaNITI A vesEEeINA
unnd MKF Suwalduvemanissiaesaenadosiuaigeniaunvdnouanuunnfaninusenoud

3.12
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S11 (dB)

—O— Planar
—— R =60 mm
-40 - R=45mm | |
—&O— R=30mm
_45 1 1 1 1 1
2.3 2.35 24 2.45 2.5 2.55 2.6

Frequency (GHz)
ANUTENOUN 4.10 NANITI1aRIANFNUSLANTNTALNOUAIIDINIALNNTIUIN 1 83AUITENBU

2) WUUFUNSUENALeU (Radiation pattern)

HANTTT1ADIMUUTUNITUR NI UYBIE88INALNNTS MKF-SPPA ag MKF-
SCPA 1A 2.45 GHz Uuszu1u H-plane wag E-plane wansasninlsznaud 4.11 1lesa1n
agnALnntlAsluszuIy H-plane aunvesainauluszunu H-plane nduiioanvuinves
v Y av i Y v v ° a4 a
sasiaulasas wazluszuiu E-plane Alidin9lAsiovedlaseasne aurnvesaind uivuin
TnatAssiunA1Tadlaie tazlunanduiun1siauInuesa1nauninely dewalien Directivity

Y9EANYDINFANAY LARIANSIUSIUNBUAINNTIN 4.3

N15UTUBUNANITINRBILUUTUNMTUANE 1A ALNNS MKF Aevds
A15AATUIN WATAIHDINIALNNTAOUARTUIN LAAIRININUTENBUT 4.12 YUINSIAE UTBI
41001 ALNNT MKF TFuuIng1na uni9nIa@ns o n Aunisnouanuu1n  uassnsIveneves
18810ALNNT MKF H9n519818 188031 Lﬁ@ﬂﬁ]’]ﬂﬁﬁ\i’mmEJ%UEJEJFYU?JU’]@VI’NW]EJQ’]W?JEN

A1991N1A NITNVUIANNIYAINANAIFIVNIADNIIV818aAAY UBNINTLIUIAVDILaUNAIVD

£%
=

angenALIMS MKF Sisgauiiay



300° 60°
270° 90°
240° 120°

210° 150°

180°

Planar R =45 mm
mmmmm= R =60 mm ******* R =30 mm

) 52U H-plane
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300° 60°
270° 90°
240° 120°

210° 150°
180°

Planar R =45 mm

=== R =60 mm *** "= R =30 mm

) 3¥UU E-plane

AMUIENBUN 4.11 HANTIIRBIMUUFUNTULENE I UYeageMARImMIYIIA 1 83AUszney

300° 60°
270° 90°
240° 120°

210°

150°
180°

300° 60°
270° 90°
240° 120°

210°

150°
180°

------------- Sim. Fractal Planar

------------- Sim. Fractal R = 60 mm
Sim. Fractal R =45 mm

------------- Sim. Fractal R =30 mm

s Sim. Planar

= Sim. R = 60 mm
Sim. R =45 mm

e Sim. R = 30 mm

............. Sim. Fractal Planar

............. Sim. Fractal R = 60 mm
Sim. Fractal R =45 mm

------------- Sim. Fractal R =30 mm

s Sim. Planar

s Sim. R = 60 mm
Sim. R =45 mm
Sim. R =30 mm

n) 38U H-plane

¥) %W E-plane

ANUSENBUT 4.12 NaN15IN180I VDAL INALNTS 1 09AUTENDUNDULAYIAIAATUIA
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A15991 4.3 HANTIABIUUTUNTURNGINUYBIE8INATUIA 1 BIAUTENBY

HPBW (deg) F/B ratio Directivity
Radius (R)
H-plane E-plane (dB) (dBi)
Planar 83.40 65.30 5.70 7.65
60 mm 86.50 67.60 6.80 7.50
45 mm 88.30 68.60 7.20 7.39
30 mm 92.70 70.40 7.90 7.13

4.3.2 @1821N1AKAIAIAUTUIA 4X1 B3AUsENBU

Tuidetiaus @a1wo1n1eALaa1a uluy Planar (Planar phased array) wag
#1881N1ALAIARULUY Conformal (Conformal phased array) N189AUs2NUYNAATUINAILTY
Aoy

ME35aU Minkowski Fractal fie @18e1n1f MKF-SPPA 7iiSaiivinfuetiug uazaigeinia MKF-

SCPA M5AdAlAWYINAU 60 mm, 45 mm wag 30 mm

NNFIALTITBIAIEDINIALAISIAULUY Planar TUIAVNAU 4X1 89AUsEnau &
syegingvesesrusenauluwulseuiu (d) fAuvidu 0.501, waaslunagigeinielulusunsy
18039 InUsEnouT 4.13 n) Ao @1881n1A 4X1 MKF-SPPA planar phased array,
ATMUTENBUT 4.139) Aoa1881n1d 4X1 MKF-SCPA (R = 60mm) planar phased array,
AMUTENEUT 4.13 A) Aea8enie 4X1 MKF-SCPA (R = 45mm) planar phased array Lag

AnUsENoUT 4.13 9) Feansenie X1 MKF-SCPA (R = 30mm) planar phased array

M3TAISEdEEaINALAITITULUU Conformal Fluwiawintu X1 esruszneu
HsvugnnevesesaUsynaulunu Circumferential (dy) HANMIAU 0.501, wansluinaly
TUsunsusraesfaninUsenoud 4.14 n) Aeatwe1nia 4X1 MKF-SPPA conformal phased array,
mW‘LJizﬂ@Uﬁ 4.14 %) Ava1981n @ 4X1 MKF-SCPA (R = 60mm) conformal phased array,
AmUsENaUTl 4.14 A) Aoaaenid 4X1 MKF-SCPA (R = 45mm) conformal phased array

waznnUsENa Uil 4.14 9) Aeangainie 4X1 MKF-SCPA (R = 30mm) conformal phased array
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A) @1891N1FA MKF-SCPA (Rgne= 45 mm) 9) @1881n1f MKF-SCPA (R4pt= 30 mm)

AmUTENaUN 4.13 Lmadnee1nie Planar phased array

A) @1881n1f MKF-SCPA (R4p:= 45 mm) 3) @881n1¢ MKF-SCPA (R4pt= 30 mm)

AmUsznaufl 4.14 Tunaaeenie Conformal phased array
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[

NM159180981801N1ANNISIANBSTIN1TUIRlAD A1 Directivity Lagagiansun
ANluALMLIUe Desired direction way Peak direction WagiansINISTNANIIYD981AAULLD

Uuanauludwinumiayusinglain 0 a9e1, 15 93A1, 30 89A1 uaz 45 83N

(%

nan1siaesagoIMAmelusunsuSIansrduLtwanlii farsamnsifmesiiddey f

=De

1) wuUsUNSUNNGSY (Radiation pattern)

dmsulAs9as1999989AUTENDU MKF-SPPA hay MKF-SCPA fauisvinnu tneay

'
[

\WSeuLiigunsailnneeueeae01na (Ry,,) Havsailadnalasrotndd iy (Rayray) fAanuly

e

= a

druresindeildainnsanluen Directivity iiesnnageiniadlaifinisusugu Matching

LARINANTTINa0UTBULIBUAT Directivity Tusiunyayy Desired direction,
FUMUaYY Peak direction, 1An19v89a1AaY karuInvedlaud1aeda18IN1ALIIEIRY 1o

Uuanaulugansumuays 0 89a1, 15 83A1, 30 83A1 WAz 45 D96 AN 4.4
- MIWSsuUiBUaIweINA Planar phased array NauULALaAIUIAYBIDIAUIZNDUY

MAUTBUTBUNANI931808991NA51991 4.4 a8 MKF-SPPA, MKF-SCPA
Planar phased array flaninszneud 4.13 (esdusznaugnanuuinuds dnisesdndesssozvos
29AUTENBUVINAY 0.5010) 1netUSaulfisunu nan1591a09v098188101A SPPA, SCPA Planar
phased array fanmuszneudl 3.22 (esAUszneudniSeaissosvindu 0.604,) 1NAN5T 3.6

WATANSIN 3.7

2glddn angenniALnIEIRundsanTuInLaD asnsaLiunuantAnudy
Constant gain uazAuLIUNTfiANsligady wasdalivesesdusznousie fafanuldei
Hovfigailvivuiadadunite Ikanudu Constant gain wagAuLILNIT evsfTian Ao
a1 MAUNTS MKF-SCPA (R = 30mm) ileu§udmauludsiumisusiieg Sannmunnsng

484 Directivity g4aaviniu 1.83 dB AIANNAIAARDUNNTITIANIUTIAY 8.88% Anu13aLiiy
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a a [

UsAnSnnveaunidnduanniAuneuanvuln IA1A1UuANA19Y84 Directivity geaauvinfiu 3.56

dB LaziAIANNAIAAADUWINAY 22.22%

YaNINUANITANATEAUVRIaUY19a9 LAANNLANVDIE18DINALAIANNU SCPA
(R =30 mm) Ulauv19wnA U -13.00 dB @1g81n1@kaa1fu MKF-SCPA (R =30 mm) @11150n9

seavveslalt e ndamiiu -14.58 dB
- M3WIBUNBU @1w91n7e Planar phased array wag Conformal phased array

Ha1NA15197 4.4 @188101¢ Conformal phased array @1115aL U A UANUR
Constant gain warAUWIUEIN1ITRAN1TIg9T U i owisufiuaigeInia Planar phased

array

[
v a

N1SAATUINVOILAIAIAUYBIEIUDIN1A Conformal phased array danalnviadl

v Y
a a

AU UEINTTNANIUUUGTIABIT U wazdin15anadtved Directivity vausUSUaIAA UL DY WA

9819l5ANY danaleialan Directivity SIUUBLAIEIAUANAIDEINN
- MIUSHUBUIENIN 89AUTENBU MKF-SPPA ey MKF-SCPA

NAINAITNN 4.4 @1881N ALY MKF-SCPA (Rape= 60 mm, 45 mm, 30
mm) SeuniugnsTianng wazauautRnudu Constant gain 7ifindn ageIniALaIaIRU

MKF-SPPA

o
= 1

N15aRvUINYRISATivat03AUTENOUTDY MKF-SCPA ad danalyiviadiaanuuaiug
NM337AN1e wazauautRnulu Constant gain 1MnTu uonaIndausanaszauvestaldng
TasvasUSudindumeuiu

(%
1Y

MY INHANITTINBUUUTUNITURNE 91U MeIdeTadenildlaseasng
@1881n1¢ Conformal phased array SANU83a18INALAIIAUMNAY 2.001, TrRaaudRnIm

wlug1N1537AN1e way Constant gain uenanlonsveevasialIafuliiauiulinadu

d1881n1AUTELAN High gain (Gain > 10 dBi) wagauasAdvetesAlsynoU aonvuInsAd LA
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YUIAVBIAIAA U NI WUAD SALLNIAU 30 mm T 9L58n% 831 MKF-SCPA (R=30 mm)

Conformal phased array

WAASUUUTUNITUH N 911U 9E189171A MKF-SCPA (R=30 mm) Conformal
phased array u1m 4X1 seRUsznaUf I MUsENaUdl 4.15 1uAn Normalized Directivity vede

Uuanauludewinumiays 0 83mn, 15 837, 30 83N Uag 45 09A1

Weysuanauludayusie dranuwaneneues Directivity Niumus Desired
direction iU 1.16 dB uazisunus Peak direction Nanmduanunsausululaviniu 1.10 dB

F9AN9@09LAN B8N 3 dB

dmsunsETiaveaInay Weusudeduluid sy 0 agen, 15 896, 30

29A1 WAy 45 99A1 @18aInARaIaIfuaNsausuaraulUlaRall 0 parn, 14 BN, 28 B9FN

v
a |

WAy 43 991 AANUAIPLAABUNISTNANIWINAY 4.44%



M157991 4.4 Kan1saBIRUUTUNSWHMEIesangaINIALAdE Y
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Directivity (dBi)

Directivity (dBi)

SLL (dB)
R at Desired direction AD jesired at Peak direction ADpeqk
Array RA t
" 0 15 30 45 (dB) 0 15 30 45 (dB) 45
(deg) | (deg) | (deg) | (deg) (deg) (deg) (deg) (deg) (deg)
(0deg) | (13deg) | (26 deg) | (40 deg)
Planar Planar 12.80 12.53 11.77 10.76 2.04 2.00 -8.00
12.80 12.60 11.90 10.80
(0 deg) (13 deg) | (26 deg) | (40 deg)
Planar 60 mm | 12.70 12.37 11.6 10.75 1.95 1.60 -7.50
12.70 12.40 11.80 11.10
(0 deg) (13 deg) | (26 deg) | (40 deg)
Planar | 45 mm | 12.60 12.29 11.53 10.71 1.89 1.70 -71.32
12.60 12.40 11.70 10.90
(0deg) | (13deg) | (27 deg) | (41 deg)
Planar 30 mm 12.50 12.16 11.45 10.67 1.83 1.70 -7.47
12.50 12.20 11.60 10.80
(0deg) | (13deg) | (26 deg) | (41 deg)
2.507\0 Planar 11.00 10.78 10.17 9.14 1.86 1.20 -3.65
11.00 10.80 10.30 9.80
(0deg) | (13deg) | (26 deg) | (41 deg)
2.50}\0 60 mm 11.70 11.5 10.98 10.31 1.39 1.20 -5.80
11.70 11.60 11.10 10.50
(0deg) | (13deg) | (26 deg) | (41 deg)
2.50)\0 45 mm | 11.60 11.39 10.87 10.20 1.40 1.10 -5.90
11.60 11.40 11.00 10.50
(0deg) | (13deg) | (27 deg) | (42 deg)
2.507\0 30 mm 11.70 11.57 11.01 10.30 1.40 1.00 -6.80
11.70 11.60 11.20 10.70
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Directivity (dBi)

Directivity (dBi)

SLL (dB)
R at Desired direction AD jegired at Peak direction ADpeark
Array RA t
" 0 15 30 45 (dB) 0 15 30 a5 (dB) a5
(deg) | (deg) | (deg) | (deg) (deg) (deg) (deg) (deg) (deg)
(0deg) | (13deg) | (27 deg) | (41 deg)
2.007\0 Planar 11.20 11.07 10.52 9.68 1.52 1.00 -4.56
11.20 11.10 10.70 10.20
(0 deg) (13 deg) | (27 deg) | (42 deg)
2.007\0 60 mm 11.00 10.88 10.38 9.78 1.22 1.00 -5.00
11.00 10.90 10.50 10.00
(0 deg) (13 deg) | (27 deg) | (42 deg)
2.007\0 45 mm 11.30 11.15 10.66 10.12 1.18 1.00 -5.90
11.30 11.20 10.80 10.30
(0 deg) (14 deg) | (28 deg) | (43 deg)
2.007\0 30 mm 11.19 11.06 10.6 10.03 1.16 1.10 -6.00
11.19 11.09 10.69 10.09
(0deg) | (14deg) | (28 deg) | (44 deg)
1.507\0 Planar 9.38 9.38 9.01 8.57 0.81 0.76 -1.41
9.38 9.39 9.05 8.62
(0deg) | (14deg) | (28 deg) | (44 deg)
1.507\0 60 mm 9.38 9.36 9.06 8.58 0.80 0.76 -2.00
9.38 9.37 9.08 8.62
(0deg) | (14deg) | (28 deg) | (44 deg)
1.50)\0 45 mm 9.67 9.63 9.26 8.9 0.77 0.76 -3.00
9.67 9.64 9.29 8.91
(0deg) | (14deg) | (29 deg) | (45 deg)
1.50)\0 30 mm 10.2 10.2 9.89 9.46 0.74 0.72 -4.80
10.20 10.20 9.93 9.48
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5 T T T T T T T T T

0 + ADsim,desired

Normalized Directivity (dB)

Simulated @0deg

Simulated @15deg
35T Simulated @30deg
Simulated @45deg

Theta(deg)

AmUsEnauil 4.15 HadrassuuusUnsusmdsuesansetnaLadIdy
4X1 MKF-SCPA (R= 30mm) Conformal phased array

4.3.3 §189MNALAIAIAUTUIA 4X4 BIAUsENaU

%} ¥ 1 ¥ Va o = ‘NIQJ al

INNIVBNDUNUINNEIVELADN d@1881NA Conformal phased array NIFUVDY
WaIEIRULINAY 2.004, Inefiurazesrusynauiduaigenniaunnd MKF-SCPA vunsailivnfu
30 mm Tvuaveuadduidu 4X1 esduszneu TinaauU® Constant gain wazilAauuwiugn

dyQ v o dl o 1 1 = Y o1 o L%

n153Aan1guazUsuaInd ululusdunusyue1eg daudinatgeiniaualdiauauin 4X1
peRUsEnauillduatgeInALUY High gain (Gain >10 dBi) useg1slsAnusnswenalaifis 13 dBi
F991NN13AIUIN Power budget #1913UsEUULIANSATIITUTRQUUANURDRY 8RNIV UBY

AN9971N1FATSIA19E19UBY 13 dBi

Ya o

v U a = & a o w va v % )~
@Quum’]ﬁ%ﬁ] ‘EJ"U\TLa@ﬂLWlI“Uu’]@ﬁJ@QLLﬂ'Ja"IWUIM@JEU'UW@Wﬂﬂ‘U ax4 93AUsenau U

v

FNUIUBIAUSENBUNINUA 16 BIAUSTNBU @188INIALAIAIAUAINTUTLUUATIATUIT MY

q

Va v = I~

wlanUasuiliinisusudindusaluiuissuiuyunin daugidedsdeniiussnusenaulussuiu

Y
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WY Y usnatnazasaindasveneliiuasenmawaididunds Ssanunsatiedudiaduly
wsznunsenlifvuindnas fuwanefifuanunitmesiund axduaseniauadify
U Gxd p3AUsENEUH Usznaulddiouniddugos (Sub-array) 1u1R 1x4 8IRUsENDUNS
AMUTENEUT 4.16 wazid oUsznouwaId i ug oad1uiu 4 wodrud oy S38E1ITEndng

psAUsgnaulunwl Circumferential (d,) Hvw1aWindu 0.504 AININUSENDUN 4.17

va o

AIAEARINILTINENSveneuALaIaRUg ol faludmSuseugrinavetasfuseney
YDILAIIAUE RN 0.7510 T HNASNTIVE8VRUNIARNUAEA 2INN1TTI0UTBUTIEY

Seey d, §RTIVYIVANTALNUTY LT 0L UTEEEYIWRUAIEIAUEDY N13TALTEIRIAUTENOY

[
o =

nwalelilu Colinear array Watfinsyezannnin 0.751, 8ns1ve18azanas uonanilseaulal

1995 TUANTDBLANIAINNTINN 4.5 usiegalsNnuaIeeInIALaIE IR UdmMSUTTUUATIITY

e

TogulanUaeuililalinnsusudedulusuiyuen duludadddmasdeaeainianiinsuiudaaau

WALLLLIYUN A
RAnt
T
I
]
~d,[
]
I
]
r
3
]
5
i
]
SulIaT‘ray

AUsEneaudl 4.16 lamaaeenaLd g e MKF-SCPA (R = 30mm)



S,

|

/
\

/

\
rd-
/

nilE A
HHE: 14 L
B} g
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amUsznauil 4.17 lumaanea1na 4Xa MKF-SCPA (R = 30mm) Conformal phased array

AN 4.5 WANTTINABDIVIENYBINFLIIAIA UL DY

HPBW (deg)
d, Gain (dBi) SLL (dB)
H-plane E-plane
0.504, 11.00 96.00 24.30 -14.83
0.554¢ 11.50 92.20 22.20 -14.27
0.604, 11.80 91.20 20.60 -13.94
0.651¢ 12.10 90.60 19.20 -13.79
0.704¢ 12.30 90.50 18.00 -13.74
0.754, 12.60 90.40 16.90 -13.62
0.804, 12.60 90.40 16.90 -13.45
0.854¢ 12.55 90.20 17.00 -13.40
1.004, 12.00 90.00 17.20 -13.39
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1ASIES 19E8BINALNNT MKF-SCPA (R = 30mm) UM 1 89AUSENBURY

AMNUTENOUN 4.18 WazIUINLASIES 1VDIANYDINABIIEIAUAINITIN 4.6

A
N

d>»
e WY
~. 3

=
N

) AUV

) AU

AUsEneufl 4.18 Tasaadsaganaunng MKF-SCPA

A5 4.6 YU Tnesvetaneaina 4Xa MKF-SCPA Conformal phased array

W15 ALn03 fauds | A1 | e
ANNTINUDINNT (Patch width) W | 4037 | mm
AINEIVBIUNNTG (Patch length) L 40.92 | mm
ANNAIN9UBINS139 (Ground width) Wy 59.57 | mm
ANEIVDINT1IA (Ground length) Ly 60.12 | mm
ntoudyad (feed point) Yo 35.12 | mm
Indentation factor L 0.69 -
AIUNTNSVBITBY VDIATUNTIILNNG Wi 9.28 | mm
AINYIVBITBS VOIAIUNINIUNNG Wo 13.46 | mm
AUNINVBITOS VDIATUYTILNNG L; 9.41 | mm
AINYIVDITOS VDIATULTILNNG L, 13.64 | mm
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W1s13Lna3s fawds | A1 | woe
ﬂ'"ﬂméLﬁﬂm‘%ﬂmaﬂ%ui'a@gmim (Dielectric constant) &1 | 430 -
Aladidnm3nvasduenniea (Dielectric constant in free space) &2 1.00 -
mmwuwm%’ui’a@gmsaa (Substrate thickness) hy 0.20 | mm
ALMLNYEITUR N (Air gap thickness) h, 3.00 | mm
AnlndLann3nauya (Equivalent dielectric constant) €eq 1.05 -
SrdlnulAsvetesAlszneau (Radius) Rane | 30.00 | mm
SafianulAwesange1n1ALaIanU (Array radius) Rarray | 2004, | -
SyeresEnIteesrusenauluseuu Circumferential de 0501, | -
syEneTEnINeIRUsEnaulusEuIu y dy 075, | -

nanss1aesaeanIesslUsunsusaerauwimEn N fnrsamnsfinesiddy il

1) A1 S-parameter

#1991N1ALAE10UEY MKF-SCPA (R = 30mm)

NANITIN809A S-parameter YIAIEDINIALAIAIAUEDY MKF-SCPA LLanIA4

ANUTENDUN 4.19 WazAIS197 4.7 INNANISINADILAAZDIAUSENDUVDILAIAN UL D8 EIU5A

YMUNANND 2.45 GHz diseu Isolation i%%’hx‘]@ﬂﬁﬂi%ﬂ@Uﬁiﬂﬂ (#1171 -20 dB) 1WuNau191n

N39S sevnnsrusrnaulussuIuLAL Y dssugrnamindu 0.751, dwalrlasunaain Mutual

coupling Ua8aMNBIAUTENOUT AL

M3 4.7 NAN19I1809AT S-parameter @18INALNIEIFUE DY

S-parameter (dB) at 2.45 GHz

S1,1 52,2 53,3 54,4 52,1

53,2

54,3

-21.22 -21.10 -21.10 -21.01 -28.14

-28.13

-21.97




123

Pon)
M
=
-’
w
=
D
e
2]
g
<
o
[
A& 25 -
wn
=== Simulated S11
30 F + Simulated S22 | |
B . Simulated S33
\o, | —P— Simulated S44
a5k ~—O— Simulated S21 | |

Simulated S32
e Simulated S43

40 A\ |
2.3 2.35 2.4 245 2.5 2.55 2.6
Frequency (GHz)

AMUTENBUN 4.19 NaN1591889A S-parameter VBIANEDINIFILAIAINULDY

#1891n16 4X4 MKF-SCPA (R = 30mm) conformal phased array

N135918998188101# MKF-SCPA (R = 30mm) Conformal phased array ¥u1f
axa asruszneu Wulusunsudiassrduudwanind uandduwaasannasaninlszneuil 4.20
NATIA8IA1BEINAAY S-parameter YadaarUsznavluLul Circumferential Fan1wusnaud
4.21n) NAINAIAIBDINIAAT S-parameter Va9RIAUIENRUTULUILAIAAUEDY AInInUTENaU
7 6.21 9) wasfwns1eil 4.8

INHANITTIa0AFuUSTANS NTasTTeu uAazesrUsEnouaIu1savaui
AL 2.45 GHz waziliesnasanmaunrd i ududnvaranung dealiaduuszaninis
Axvour0999AUsENOUT 1 (S1,1) waz 4 (S4.4) nazesrAUsenouf 2 (52,2) uay 3 (S3,3) fian
TndiAeeiu wasiuiioniu eeRUsEnaud 5 (S5,5) wag 8 (58,8) uaresrusznaudi 6 (56,6) uay
7 5(7,7) fienlndiAssfiu asdUsenoud 9 (59,9) way 12 (512,12) waresdusenaudl 10 (510,10)
way 11 (511,11) farlndifeeiu ssruseneudt 13 (513,13) uway 16 (S14,14) wazesrUsznaud
14 (S14,14) way 15 (S15,15) dalnalAgeiy
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amUsznauil 4.20 lunaanea1na 4Xa MKF-SCPA (R = 30mm) Conformal phased array

dmsuAn Isolation s¥nIneesrUsEnauluwul Circumferential JA1 Isolation

ag/lutag -17 dB L991NN133ALS8ellsr a9 vRIReAUTENaUWINAY 0.504, Uagauina1niy

I a ° A A v | Yo . ¢
YBIBIAUTENBUNYUINAIAA UN ﬂ'l']\‘iﬁ\iwaiﬂylﬂﬁﬂwaﬂ']ﬂ Mutual COUpLIﬂg INIAUTLNBY

PaPeladng

dmsuAn Isolation 581171999AUSENAUIULUITEUIULAU Y K508 lULDId U

g98 NAINNITIALTBITTEELU19VD989AUTENBUWINAY 0.751, F9lA5UNA9IN Mutual coupling

nesAUsEnauinuAsioeds dwalliseaue Isolation g1 aglute -27 dB

AN5991 4.8 HAN13TIA0IAN S-parameter @188111¢ dxd MKF-SCPA Conformal phased array

Reflection coefficient (dB) at 2.45 GHz

S1,1 52,2 S3,3 54,4
-17.54 -19.09 -19.09 -17.68
S5,5 56,6 ST,7 $8,8
-17.52 -18.92 -18.93 -17.65
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Reflection coefficient (dB) at 2.45 GHz

S9,9 510,10 S11,11 S12,12
-17.52 -18.92 -18.93 -17.66
513,13 514,14 515,15 S16,16
-17.49 -19.00 -19.00 -17.63

Transmission coefficient (dB) at 2.45 GHz
S2,1 $3,2 S3,4 S5,1 59,5 S13,9
-17.18 -17.09 -17.18 -27.98 -27.90 -27.98

S-Parameters (dB)

=——©— Simulated S11

230 Simulated S22 | |
Simulated S33
—P— Simulated S44
35k ~—O— Simulated S21 k]
Simulated S32
==f—= Simulated S43
-40 1 1 1 1 I
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
) 4X1 89AUsenoU Tuwwd Circumferetial
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=

L8,
wn < (]

S-Parameters (dB)
0
[—)

=25 - b
=—=©— Simulated S11
30 —sfe— Simulated S55 | _|
Simulated S99
—P— Simulated S13 13
35 1 Simulated S51 i
Simulated S95
/ ==f—= Simulated S13 9
_40 A 1 1 1 “ 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
) 1X4 99AUsENBU TukuIwaIaP UL DY

AUsENeUfl 4.21 nan1se1aeIrn S-parameter YasE188INA 4X4 MKF-SCPA (R= 30mm)

conformal phased array
2) wuugUn1sUEnaee1 (Radiation pattern)

#1991N1ALAEA UL DY

HAN1FINABIMVUTUNSWHNA I UYRsEgRINAkIIadugaelusEUIY H-plane
waz E-plane A4 INUTENBUN 4.22 NANITT1809AIUA 2.45 GHz @rwnALalasuyesli
§9131987181AU 12.60 dBi duuinaiunisairdulunul H-plane iy 94.80 a9a1 uazlu

w3 E-plane Anunisdndugniulviauadviniu 17.00 asem
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Normalized Gain (dB)

Simulated H-plane | |
Simulated E-plane
1 I' 1 l

-80 -60 -40 -20 0 20 40 60 80
Theta(deg)

AMNUIENaUN 4.22 HANNTINABILUUFUNTURNEIUYBIEEDINFALAIA R UE DY

8199101 4X4 MKF-SCPA (R = 30mm) Conformal phased array 9u1n 24AUsEnau

HANIFIIRBIUUUTUNITUHNS1UVBIE881NA dxd MKF-SCPA (R = 30mm)
Conformal phased array finarud 245 GHz Tuszunu H-plane Wag E-plane Lam 164
Asenaudl 4.230) uazamusEneudl 4.231) audifu asenAlisnItwesgagaminiy
16.24 dBi flvuaanuninsdirduluwus H-plane Wiy 30 aaen wagluwus E-plane windu 17

NG

o | [ d' o 1 . . . c{' o 1
NAN1T21893ANBAINIVYEN ALNUS Desired direction Lagn f1Lnue Peak
. . a0 1 | v U o a a o 1 . . .
direction #AIAIULANANYDIAIBATIVYILFIFAVULUITUAIAA UNALUUS Desired direction
(AG gesirea) WINU 1.52 dB uagidunis Peak direction (AG peqr) MU 1.50 dB @atiee

1 -3 dB Fadelelinaantfinanudu Constant gain

dmsuanuuiuglunsyianisvasUsuanduludeiuniayy 0 a9a, 15

99A1, 30 9A7 WA 45 99A agaINIAAINNTaUTUAAAULUSWULMIAYNAIT 0 93A1, 14 BaAN,

¥
a

29 99AT LAY 44 §9F1 LANAINUATAAFBUNISTNANIBAINY 2.22% LaARIAIAISI9N 4.9
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A9 4.9 naNNSTIaeIvedAIBeINA 4X4 MKF-SCPA (R = 30mm) Conformal phased array

Parameter Beam 1 | Beam 2 | Beam 3 | Beam 4 | max AG (dB)

Sim. Gain at desired (0 deg) | (15deg) | (30 deg) | (45 deg)

directions (dlBi) 16.24 16.17 15.70 14.72 ho2
Sim. Gain at beam peak (0 deg) | (1ddeg) | (29 deg) | (44 deg)

directions (dBi) 16.24 16.20 15.72 14.74 +20
Side lode level, SLL (dB) - -6.60 -5.70 -4.50

HPBW H-plane (deg) 29.90 30.10 30.80 31.80

HPBW E-plane (deg) 17.00 17.00 16.80 17.00

Normalized Gain (dB)

Simulated @0deg

Simulated @15deg
Simulated @30deg
Simulated @45deg

Theta(deg)

) 52U H-plane
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Normalized Gain (dB)

Simulated @0deg |

_40 \ 1 1 1 1 1 1 I' 1 ‘I
-80 -60 -40 =20 0 20 40 60 80
Theta(deg)

9) 52U E-plane
AMNUsENaUN 4.23 HANNTIIARILUUTUNSUHNGI1UYDIE180INA

4xX4 MKF-SCPA (R = 30mm) Conformal phased array

dmsunisasieduluuaneeInia MKF-SCPA (R=30 mm) Conformal phased

array YU19 4X4 B3rUsEnay Nirilveswaddiuiniy 2.001, Bsasgnnandluiitednly
4.3.4 ATE319E189INA

A5 UNNTAST P ULUUANYBINA ;ﬁ%’sﬁ'méfuam N85 1AULUUEIEDINA
WANTUUIA 1 89AUTENBU LAKA @1891N1ALNNT MKF-SPPA du1asAdLyinduatus uay
A19071NIALINNG MKF-SCPA (R=30 mm) wanssian1nisznoudi 4.24 n) uaznmdszneaudl 4.24
%) audey esniasiadesaseimadudnuaztende Sesududediiasiads Support
LﬁaLwﬂﬁi”j’/ui’aqgmiamasﬁguﬂinﬁ lnelA39a379 Support Lulunaaulia as19a1nianaile

PLA wannaauuffienised 3.2
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AMNUTLNBUTN 4.24 AUWUUEIEDINFLNNTUVUIA 1 89AUTENDU

= - v & o

N15UNE88INALNNY MKF-SPPA A5ASINAUNUA 31U 4 89AUsENaU 1N
Jassaduualaiduuuy Planar lnedaiseaisvegrinavensnlsznay (d) windu 0.501, Ae

d@1g1n1A 4X1 MKF-SPPA Planar phased array wandanmUsENauT 4.25

ANUsENOUT 4.25 FuwuuaeenIe 4X1 MKF-SPPA Planar phased array

A15UANEDINALNNY MKF-SCPA (R=30 mm) 31U7U 4 99AUIeNaUNITAL5 84
Wuwardduwuy Planar lnedaiseaiisvagrinavesaanusenay (d) windu 0.501, Luiu Ae

@1881n7A dx1 MKF-SCPA (R=30 mm) planar phased array wanadanmUsznaudl 4.26
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ANUsENEUT 4.26 FuuuUA1B81NA 4X1 MKF-SCPA (R=30 mm) Planar phased array

N5UIE188INARNNY MKF-SCPA (R=30 mm) 31194 4 89AUSENaUNNTnLs e
Wuuadeuwuy Conformal Tnednisesfiszuzvsmasasrusznaulunun Circumferential (d.)
Wi u 0.50, AD @1891n18 4X1 MKF-SCPA (R=30 mm) Conformal phased array Wandsid

AwUsEneUit 4.27

AnUsENEUR 4.27 Fuwuuanee1nd 4X1 MKF-SCPA (R=30 mm) Conformal phased array

ANSUIE1YBINIARNNT MKF-SCPA (R=30 mm) 3147U 4 89AUSENaULITALS &

Juwardrduuuy Planar lukwiwnu Y fisseeinsssminesdusenaudussey d, winiu 0.752,
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Ao @1891N1FLAIANPUERY MKF-SCPA (R=30 mm) Ju19 1X4 84AUSEN0U WaAAIAININUIENDU

428

ANUSENBUN 4.28 AULUUEZINALIIaRUEBY MKF-SCPA

A1SUNAIEBINIALAIAIA VY DY MKF-SCPA (R=30 mm) YUIALNIAU 1X4
29AUTENOUTIUIY 4 wadasugasudnssadunaid1fuluy Conformal Tnadntsesisseziing
s¥nInepsAUsznauluwua Circumferential (d)WINAU 0.501, AB @18@1A 4X4 MKF-SCPA

(R=30 mm) Conformal phased array wanafisn1nusenaudi 4.29
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AMUsENaUT 4.29 FuwuuaeeInIe 4Xa MKF-SCPA (R=30 mm) Conformal phased array

4.4 n1snagausiigaInid

AENFININATATIEIEDINA WU UUANEDINANINAHBUTAAMS N UL VDY

a1991n1A UsENaueIY A1 S-parameter 8AT1VENY WAZWUUFUNITURNNATIU

4.4.1 g4 1 89AUZNOU (Single element)
1) Arduuseansnnsasiiou (Reflection coefficient)

A1891NAARSHANEUUSEANS NSALVaURE19UBYAININ -10 dB NAUD T b
PONLUUAD 2.45 GHz AetuAduUssanSnisagyioudeswinunng arge1nAnazdauundlan way

YUINLUUAISAAITUNNANUTEANT NN5ALNOUYINAU -10 dB N1SNAFIUANFUUSZENTA8LAS B4
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A51ELATIUE VBIAWBINALNNT MKF-SPPA Waza1891n1@fwNNG MKF-SCPA (R=30 mm)

AININUTZNBUN 4.30 WaznINUsENauN 4.32 auanfu

NANISNAZDUAUBUUAIEBINIALNNT MKF-SPPA Lag@n8a1n fwnng MKF-
SCPA (R=30 mm) a@1891n1@Aia@adyinaIunenug 2.45 GHz laea1ea1n1ewnnd MKF-SPPA T

HALUATTIRNINEN8DIN AN MKF- SCPA (R=30 mm) fan1ndsznauii 4.34

a@189101f MKF-SPPA fianduUsea@nsnisasnouniayvinnu -34.62 dB wazdl

3 1

LWUUAASLY AU 40 MHz (2.43 — 2.47 GHz) waz@1e91n1d MKF-SCPA (R=30 mm) @1

o

uusy

1w

NS MTATOUWINAU -22.44 dB LaviLUUAIsSWINAU 45 MHz (2.43 — 2.47 GHz) uanesa

2\

AMNUTLNBUN 4.31 hagNINUSLNOUN 4.33 ANUAIAU FINAINNNANITNAFDUVDIA ULUU

ANUDINA INATNADAAABINUNANITINAD

Coaxial cable

ANUTENOUT 4.30 NSNAFBUIAELUSEANTNISALTIDUANYDINALNNY MKF-SPPA



S11 (dB)

Simulated Planar | |

Measured Planar

2.3 2.35

2.4 2.45 2.5
Frequency (GHz)

2.55

2.6
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ANUTENOUN 4.31 NANISNAARUAIANUTLANTNITALNDUA18DINALNNG MKF-SPPA

AMNUTENBUTN 4.32 NMNAdaUInAauUsEaN5n15aLyIaulaIdgdINALNNG

Coaxial cable

MKF-SCPA (R=30 mm)



ANUSENBUT 4.33 NaNISNAERUAIELUSEANSNNSALTIoUVBIANYDINANNTD

-5

-10

Simulated R =30 mm | |

Measured R =30 mm

2.35 2.4 2.45 2.5
Frequency (GHz)

MKF-SCPA (R=30 mm)

2.55

2.6

Teaa,
ity

Measured Planar
Measured R =30 mm

2.35 24 2.45 25
Frequency (GHz)

2.55

2.6
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AMUTENBUN 4.34 NaN1IVAFRUANEUUIEENENITEEYIOUYBIEIUDINALNNG MKF-SPPA

LaLEEINIFALNNT MKF-SCPA (R=30 mm)
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2) wuugUNsUENALeU (Radiation pattern)

N15MAARUIALUUTUNITUHNEIUYDIAULUUAIEDINA MKF-SPPA Uag MKF-
SCPA (R=30 mm) laenagouniglu Semi-aecnahoic chamber fidousaulufeury Absorber
meluszuunaaeuUsenoulusne 1. awenianiags (Transmitting antenna) 2. A38934AT 12
1A539918 (Network analyzer) uae 3. FULUUAIBDINATIHBINISVAABY (Antenna Under Test,
AUT) Tnessezrinessminsansonianindaaznindy Wussesfinudenndesiussesvesauiy
sreglng N1INAAUTARUUIUNISUHNEIUTRTnAY S2,1 P941A309LATITINATIVE LER IS

AwUszneud 4.35

-
% 1 Semi-anechoic Chamber

Transmitting
Antenna

To Network
Analyzer

- uml _

To Network
Analyzer

AMUsENOUN 4.35 NsnadeuinluugumMsuEnGInuIesEgeIne

ANSNAFDUIT MO MSIVENYYBIAULUUANEDINIA AI8A2835 “Two antenna
method” [15] Melunisnaaaulsznaulumie 1. AULUUANIE8INIANABINISNAFBUNLLATIASN
WD UAUIIUIUADIR U LWUANYDINIFVINIAAILAZAIASU kAT 2. LASDIIATIZAIATIVIE Lhana

ANSNAFDUINDNTIVLIIAINNUSENDUTN 4.36
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Semi-anechoic Chamber

Antenna prototype i
g Antenna prototype E
r o

1.90.m o

\

To Network
Analyzer =

To Network RF Absorber
Analyzer

dl U U
MNWUTLNBUN 4.36 NTNAFBUINDMNTIVYI1YVDIANLDINA

In1sfimesdmsunisnageunsil Pr AoA1891914INNAES, P ABNa9nlasu
o [y 1 P [~ a a 6" 1 A [y
015U lneaiasvazniadslun dagldiduns osinseilaseang, Gy Ao 6n519818994
ANUOINAVRINIAGN, Gr ADORIIVYILVDIAYBINIANIATU TesargerniAnIAsuLazdslunl
I 4

ADAULUUANERINIANABINITNAADY, Lrgp, Ao saaidelueiniadng uasssey d Aoseesving

SYMINNEYDINIANIARILATNIATU

A1U150ATUIUAIDRTIVYIYIINAUNITAITAINT1UVDINT AR 9@gun1s (4.3)
a1ea1nIAnIAddaznIAsULTuatse M AGuLUUTIASIasawilauiy satu TRenswenawiniu

Gr = Gg = G aunsndnguuuvaunsivilansauns (4.4)

Pp = Pr + Gr + Gg — Lpspy 4.3)
GZPR_PT-I_LFS/Z (44)

NISNAFOUINIIVYIVBIAULUUAI8DINANIAINUD 2.45 GHz Inefinimdduay
nMesuluaseiinsieilaseing A1 Py — Pr A9AY 52,1 31NLA39ILASIEWLASINY 528914
serinanedaarn1asu (d) dawviniu 1.90 m a1nn1sAansgadelueniming (Lesp,)

ANFNATT (3.2) WIAU 45.80 dB @NITOAIUIUSAIIVEEAULUUEIED1NA (G) MuaNns4.4)
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HANISNAFBUKUUTUNTUHNSINUNAMUD 2,45 GHz VoA URUUAIERINA
WWNY MKF-SPPA SATWINAUaLUS Y119 1 89AUSENaU 18RS19878INNU 7.28 dBi JUIANINg
a1A8 uluszuIU H-plane Lazs5zuIU E-plane LYINAU 85.00 89711 LAz 65.00 04A1 LAAIAT

ANUTENBUN 4.370) waznnUsEnaun 4.379) Auaieu

HANISNAFBURUUTUNSUH NG 1IUNAIND 2.45 GHz YReAURUUAIEBINA
WIWNT MKF-SCPA (R=30 mm) 911A 1 89AUSeNaU Mons1venewiniu 7.10 dBi 9u1nAINUNINg
a1rauluszuru H-plane WU 90.00 09A1 uwazluszunu E-plane Windu 62.00 99A1 LAAIAT

ANUSENaUN 4.380) haznnUsENau? 4.38%) ANUa1nU

(5]’15’]\‘1‘17{ 4.10 HaNSNAABUTDIAN8BINAWNTS MKF-SPPA tag MKF-SCPA (R=30 mm)

HPBW (deg) F/B ratio (dB)
Gain (dBi)
H-plane E-plane H-plane E-plane

R,
nt Sim. | Meas. | Sim. | Meas. | Sim. | Meas. | Sim. | Meas. | Sim. | Meas.

Planar 83.40 | 85.00 | 65.30 | 65.00 | 6.87 | 7.28 | 5.70 | 19.42 | 570 | 18.81
30 mm | 92.70 | 90.00 | 70.40 | 62.00 | 6.58 | 7.10 | 7.90 | 12.60 | 7.74 | 19.50

AFIATIZARNANISNAADU VUINAIUNINAIARUVDIAULUUANYDINFLLNNT L]
UINNITU L19aRTATAINUIAIYDIEIEDINIARY kAL lUNINNFUNUDRTIVY18VDIANEDINIADL

ANAY WANIAISINUSUEUAINNGIN 4.10 wazn1nUsenaud 4.39

nanmaauiAuaenmaedtUlufAn1Lf et UAUNAN1S91899 WanNaNT Lile

= ~ Y A M ova A
Wguguiuduwuua1ea1n A ll ke in1anaunve9d@1ga1InId 91NA15197 3.11 VUIRAINY
AAIAAUVDIR ULUUAI18DINA MKF-SPPA wag MKF-SCPA (R=30 mm) MAuu1na1mauiniig

[y

A7 kALINIIVYNYLBYNINF ULUUEIIBINIANDUIAYUN
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300° 60° 300° 60°
270° 90° 270° 90¢
120° 240° 120°
150° 210° 150°
180°
l s Simulated  srereseees Measured l
) 58U E-plane

240°

180°

210°
easured l

aMnUsenaun 4.37 Nﬁﬂ’]i‘Vlﬂﬁ’e]‘ULL‘U‘UE‘Uﬂ’]iLLf}\iWéJNWu‘U’FNﬁ’]EJa’]ﬂ’]ﬁLL‘W‘V]“{? MKF-SPPA

l—Simulated
) 52UV H-plane

60°

300°
90°¢

60°

120°

90¢ 270°

150°

s
5
~
s
K
<
o
K
K
o

240°

120°

270°
180°

210°

150°
l— Simulated s:=r:re::s Measured l
) 92UV E-plane

240°

180°

210°
AMUTENBUT 4.38 HANTNAABULUUFUNTUNNGINUYBIA8DINA MKF-SCPA (R=30 mm)

[— Simulated =:rs:2::s Measured l
) 58U H-plane
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0°

330° ‘::t‘"""o""""u, 30° 330° e e, 30°
“::‘ "t "’:"“‘ '.:::0
1" >
-10 1 . -10 3
?“ :\
3000 %600 300° g 60°
- =20 ":_E : 220
] -30 ’i } -30
- %
270° -40 90°  270° 90°
............ oINS
240° T 1200 240° I 120°
210° 150° 210° 150°
180° 180°

--------- Measured SPPA
""""" Measured SCPA R =30 mm

--------- Measured SPPA
""""" Measured SCPA R =30 mm

n) 32U H-plane ) 58U E-plane

ﬂ’]W‘Ui%ﬂ@U‘ﬁl 4.39 HaNSNAABUTDIANYINAWNTTG MKF-SPPA ey MKF-SCPA (R=30mm)

4.4.2 §189MNALAIAIRULUUIUIA 4x1 89AUIZNBU

1) Anduuszansnisasiiou (Reflection coefficient)

AINAEEUAT S-parameter Usznaulusae 1. arduuszdns nsasieu lng
anwenanasiianduussans nsazioustaossingy -10 dB fiauddldesnuuuie 2.45
GHz atuAduUszans nsazioudeinunng aee1mafazdwundlan nsmageulneiad
Return loss Ues0sAUsENBUIRDINTMAADY BIAUsENOUTIWMADIZgN Terminate Melnanvunn
500 way 2. AAUUSEANENITARIY SEineesAUsENeuTesEIEeINARIIE U TneTarea

Isolation YasARIBIAUTENBUNABININAGBY UarasAUsznauvaedrgn Terminate Aiglvan

2UH 50Q
ANSNAFDUIAA S-parameter AIBLATDIILATIZLATIVE VDIAULUUANY DN

4X1 MKF-SPPA planar phased array, A UL UUa@189107A 4X1 MKF-SCPA (R=30 mm) planar

phased array Wag@189101A 4X1 MKF-SCPA (R=30 mm) conformal phased array kanas4
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AMUIENOUN 4.40 AWUTENOUN 4.42 uaznnUsznaull 4.44 mUaIRU LEAINANITNAADUAT
S-parameter AININUTZNOUN 4.41 A WUTENOUN 4.43 uag AWUTENOUTN 4.45 MUaIRU uag

LAAIRNSIUSULNEUAINNSIN 4.11

INNANIINAFDUAT S-parameter VBIAULUUAIEDINIANIATULUU ANA
A9AAABINUNANITINABY LAUNANISNAGBUAT Return loss UBILAaEaIRlIENaUYNIUNANILD
2.45 GHz A1 Return loss U9ausiaza9aUsznau dauanseiuantias iaeainnaainalinula

WHUE1INANTESIIAULUY AIHUNNT Matching JaaumazosrUsynaulaiwindu

d115uA1 Isolation 5¥1I1999AUTTNOUBIEIBINIA MKF-SPPA Planar phased
array wae MKF-SCPA (R=30 mm) Planar phased array Tinaen Isolation #lndwfieaiiu uansng
Fusadntoslneti a1oe1n16 MKF-SPPA Planar phased array 151 Isolation 11100737
d@1891n1A MKF-SCPA (R=30 mm) Planar phased array Weadndes Wunaunnisiiudas

29AUSENDU MKF-SPPA flaunndinauLauninesrusenauteasoinie MKF-SCPA (R=30 mm)

d1msudnge1n1@ MKF-SCPA (R=30 mm) Conformal phased array 14 @1
Isolation u1NNA1@188101#A MKF-SPPA Planar phased array hag MKF-SCPA (R=30 mm)

Planar phased array \Uunasnainmsdmsesinidudnuay Conformal

AT 4.11 Nan1IVAdaU S-parameter YIANYDINALAIFIAU

S-parameter (dB) at 2.45 GHz

R prray R pnt S1,1 52,2 53,3 S4,4 S2,1 53,2 54,3

Planar Planar -17.99 |-3093 |-19.87 |-39.80 |-16.45 |-17.06 |-16.32

Planar 30 mm -19.22 | -20.22 | -17.75 |-27.42 |-1733 |-16.32 | -16.08

2.004, 30 mm -24.16 | -3995 |-20.94 |-21.64 |-20.09 |-18.13 |-18.03
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4x1 MKF-SPPA
Planar Array

Coacxial cable

AMUTZNOUT 4.40 NsMAaeUTARn S-parameter 484 dx1 MKF-SPPA planar phased array

0 .
ﬁ""@llllﬁ s ----- Q:.::-.Jﬂ
5+
-10
Pon)
25t
N’
wn
4
5 20
S 0L
£
g
£
1 Sr %
»n o
*’." = ==+ Measured S11
30 - st . ==+ Measured S22
k.oﬁﬁ‘“ n Measured S33
i ==+ Measured S44 *
35 = +=+ Measured S21 ':6
H =3 - - Measured S32
;’ sessfrsss Measured S43
_40 1 1 1 1 1 ]
2.3 2.35 2.4 2.45 2.5 2.55 2.6
Frequency (GHz)

AMUTZNOUT 4.41 NaNSVAdBUAI S-parameter U839 dx1 MKF-SPPA planar phased array
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4x1 MKF-SCPA (R =30 mm)
Planar Array

Coaxial cable

AnUsEneudl 4.42 nMsnaaeuinan S-parameter a4 dx1 MKF-SCPA (R=30 mm)

planar phased array

Oﬁll .’ T T T T T '#
ohill] > |...’... W )
-5+ ﬁg:”l' -“""‘:‘ 7 T -
’B':. ",‘:g‘“ 8
e ““ o
-10 + & -
N F
g AR
= -15 S N i
- s\.\:’ &%—.‘." J e,
— 0 we NG
[ b i, :
E 201 ‘\‘v "a_‘.* &”"a. 7
= *\‘\“" B “’;-":;.
= I il i,
Bl 25 Lo i Y ]
5 g : 9.
2 1= @ Measured S11
=30 - - -» Measured S22 | _|
Measured S33 |
w=s =+ Measured S44 |,
35 1 ---Q‘---Measured S21
=+ Measured S32
seesfe=ss Measured S43
-40 1 1 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6
Frequency (GHz)

ANUSENOUT 4.43 HaNI1SNAZOUAI S-parameter 89818910 dx1 MKF-SCPA (R=30 mm)

planar phased array
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N 4x1 MKF-SCPA (R=30 mm)
Conformal Array
- | N [ INE | mm  Network Analyzer

EE 51999 11-1163

1

RN

1Ll

Coaxial cable

AmUsenaud 4.44 nsmnaey S-parameter va3d180INA 4X1 MKF-SCPA (R=30 mm)

conformal phased array

Oﬁ:::;:ﬁ::::?ﬁz::zfﬁ.. | | | l "-'-W*&

5 "’f::& ‘3‘;':‘:@-- - .
-10 - ]
~-15F 7
=-]
=
» ..-"'zf:--"
5 -20 - ,{ i
- K¢
E D o
s -25 :5‘.‘-‘--- ¢ ey il
] ks = ‘g'
< 2
«n 30k o, i
30 HE i@ Measured S11 |
sonfigess Measured S22 z
3560 B Measured S33
= ssssPres Measured S44
i s::(p:+ Measured S21
-40 - *E_: swoafiess Measured S32 | ]
T e k++:= Measured S43
_45 L | 1 E 1 1
23 2.35 2.4 2.45 2.5 2.55 2.6
Frequency (GHz)

AnUsENoUT 4.45 NanSVAdeU S-parameter va3d1801n1A 4X1 MKF-SCPA (R=30 mm)

conformal phased array



146

2) wuugUNsUENae91U (Radiation pattern)

NINAFBUTALUUFUNITHH NN IU LA ENTIVY18VDIAULUUEIEBINA 4X1
MKF-SPPA planar phased array, @ UkUU@1891n01# 4X1 MKF-SCPA (R=30 mm) planar
phased array A94ATNUTENBUT 4.46 LAYH ULUUAIBEINA X1 MKF-SCPA (R=30 mm)

Conformal phased array FanmUseneudl 4.47

Tnenageunielusies Semi-aecnahoic chamber fidpusaulusgiuu Absorber
meluszuunedeudsznoulumie 1. @1ee1n1AnIAas (Transmitting antenna) 2. 1A309ILATIZY
1A53778 (Network analyzer) Lag 3. AULUUAIINANIADINITNAZDU (Antenna Under Test,

AUT)

T e
- S Semi-anechoic Chamber
b e,

Transmitting
Antenna

—emi= To Network
~ Analyzer

=

AMUIENBUN 4.46 NINAFBUIALUUTUNMIUHNGI1UYRIA188INA Planar phased array
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To Network H8
Analyzer

RF Absorber

" To Network {
Ry V| Analyzer
A A

1 THE : G B
1A
i { v\ “ \ \t\i
- /& L W N
R ¥ / ‘..‘.'. \L_ 3

AmUsEnoUn 4.47 nsvadeuinuuuzUNILENGIUYesEye N Conformal phased array

-

[
=1

Tun1sneaeuinens1981e Iw1slwesasll Pr A Mal9IUIINAIAGS, Py AD

a7 IASUANNAIATY, Gr AD DRTIVYIYVDIAI1DINTAVDINIAGY, G AD BNTIVI18UDI

1Y
aaaA

a1wemAnasugaluniife AuluuaigeINAnineINITAaeYy, Ly Aemasuagideainalgin
o A o w a o A o w a
dye10 Lps ABN1E99 UG YT EUBIIATVE OUMWNE, Lgppirrer ABNNG99UAYLALIIN Power
[ 7] YR Y v
. A = 1 A I 1 1
splitter, Lgsp, AoN15aeydelueiniaing uavsver d Ao s88erasenineaneeInIAnInduag

nrsudadussesiiaenmdasiuszezvasauulng

TAgNNSIN MBS AN LTI TUNITATUINAITNTIVLI18VDIAEDINIA NNALNT
gL ISanannIs (4.5) Tun1snaaauaeaIn1ANIASy [WuageINFRULUUNHBINIT

NAFeU aunsdnFURULaNNsIvdlaGsaunis (4.6)
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Pp = Pr + Gy + Ggr — Lpsp;, — Ly — Lps — Lsplitter (4.5)

Gr = Pr = Pr — Gr + Lgspy, + L + Lgpiitter (4.6)

N1INAFBUSAIIVYILVBIAULUUAIEDINIAIAINWUY TN1TNAFOUNIVILA 4
AAN19 A 0 83eN, 15 83e, 30 83AN Wae 45 031 laan1sdounaundyanasinaliuiusag

24AUTENBUVDIAIEDINIALAIAIA U LANFANIAUAD 0 BIA1, 45 891, 90 99N kay 135 B9AN

' (%
va o o A v

9e13lsAnINIINUNT 1 {IT8ABINISRANTUNANINVDIEIAGUTIIVNA 7 TiFn19Re 0 aarn £15

291 +£30 D91 LAY +45 991 WpsEgenALmIawUilLldl @1genAELNInT fAaluTmadeU

WEIAULRAEIAD 0 BaA1, 15 89f1, 30 LAy 45 89N

Msvedeufieaud 2.45 GHz tnefinedewazaiasuduedosiinszilasetie
A1 Py — Py AeAn 52,1 angenniadaduaiseinia Yagi onsivene (Gr) windu 14.51 dBi,
JEEENNTENINeNIAdmaznInsy (d) windu 2.75 m annseuiansgaidglueiniadig
(Lpspy) 3M0@1NT (3.2) Wiy 49.01 dB, Msaadeluanetdyaias (L) Wiy 0.50 dB, 113
qzy;ﬁmamwnﬁamﬂa (Lps) SAuviniu 6.20 dB, MadwsugayLdeain d-way Power splitter

(Lspiiteer) iU 6.70 dB @130 UIM8R5I9818 0838188 N AGULUY (Gr) MUANNTS (4.6)

LLaﬂumwmaaui’mqugﬂmmciwé’wmﬁ’uﬁﬂm 52,1 VBWAIDIWATIZNLATIVY

LARINAN1INAFOULUUTUNSUHNAI I TuAT Normalized Gain seyu 0 997
deusudnauluyumngeg (0 8em, 15 837, 30 03N WAz 45 B3AN) YDIFULUUAIEEINA X1
MKF-SPPA planar phased array, Auluuaigainid 4X1 MKF-SCPA (R=30 mm) Planar phased
array, AULUUEI18DINA 4X1 MKF-SCPA (R=30 mm) Conformal phased array A4 MUsZNOU
7 4.48 nmUszneufl 4.49 uaznmUsEnaufl 4.50 ANEIRU wazlUSeuTiBuNaNTIAFEURS
A3197 4.12 M5197 4.13 war A3 4.14 muddiu Tnenan1sadeuTeiuLULENED1NNATTS

ANULUUADAARDINUNANITINADY

) ) d‘ L% o d‘ LN 1 1 J
NSLUIYUNBUNANITNAEDU LNBU?U&W@@UIﬂEJQVIﬂV]’]QG]’]Qﬂ ATAITULLANFINUBD

9nI1VYILFIANTIAILNUL Desired direction waziisiuns Peak direction AUWUUAIEDINATIY

q
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AuwUUlAAIANLLAN AN VRIAEN VN8 gAML Desired direction (AGmeas desirea)

9

12 |

wagsunus Peak direction (AGmeqs peax) W8N 3 dB dAasaudd Constant gain

dMTUAT AGmeas qesirea VOINUKUUEIEDINTA 4X1 MKF-SCPA (R=30 mm)
Conformal phased array fin1sanasvessnsnvenstosiian fuluva1eeInIa 4X1 MKF-SCPA
(R=30 mm) Planar phased array Lagfulluua1891n1# 4X1 MKF-SPPA Planar phased array

auddURaT 0.92 dB, 2.02 dB uay 2.43 dB

AMIUAN AGmeas peak Tinafidonndouduiu Inedunuuaisainia 4X1 MKF-
SCPA (R=30 mm) Conformal phased array fin1sanasvessnsvensdasiigaliuiy fuwuy
d1881n77 4X1 MKF-SCPA (R=30 mm) Planar phased array Waz@uuuua1881n1e 4X1 MKF-

SPPA Planar phased array augnsusieil 0.86 dB, 1.43 dB uay 1.67 dB

NS EUIBY Han153iAn1sesarnauiloUsulugsnaniemieg 0 oee, 15

2967, 30 B9AN LAY 45 BIF1 AULUUE1881AA 4X1 MKF-SCPA (R=30 mm) Conformal phased

1
a

array Sinrausiuglunsifismannniian fuluuaigennia 4x1 MKF-SCPA (R=30 mm) Planar
phased array uazAuluua1881n1# 4X1 MKF-SPPA Planar phased array ®11a1au dA1A214

AALARBUNNTINANISAIT 2.22%, 4.44% dB uay 8.88% dB

a3UNISIUTEUIBY AUKUUANEDINNA dx1 MKF-SCPA (R=30 mm) Conformal

phased array Tiviagauauds Constant gain kagaduwiuglunsianagiamangs ey

'
o A v

anmau LﬂUNﬁQJTﬂ'Iﬂiﬂiﬂﬁ%'l\‘iﬁ’%lﬂL%SQLLE]'JE?’I&]JULLUU Conformal wageIAUsENaUYBILAIGIAUL

ANPAUNING



A9 4.12 NaNTVAEBUTeE8eIN A dx1 MKF-SPPA Planar phased array
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Parameters Beam1 Beam2 Beam3 Beam4 mz;J;)AG
Sim. Gain at desired (0 deg) (15 deg) (30 deg) (45deg)
directions (dBi) 12.20 12.09 11.71 8.90 231
Meas. Gain at desired (0 deg) (15 deg) (30 deg) (45 deg)
directions (dBi) 11.83 10.85 11.02 9.40 4
Sim. Gain at beam (0 deg) (14 deg) (28 deg) (41 deg)
peak directions (dBi) 12.20 12.10 11.80 10.20 200
Meas. Gain at beam (0 deg) (13 deg) (29 deg) (41 deg)
peak directions (dBi) 11.83 11.40 11.46 10.16 Lo

A5 4.13 HANSVAADUVBIEANERINIA dx1 MKF-SCPA (R=30 mm) Planar phased array

Parameters Beam1 Beam2 Beam3 Beam4 mz;xB)AG
Sim. Gain at desired (0 deg) (15 deg) (30 deg) (45 deg)
directions (dB) 12.10 11.90 11.16 10.06 20
Meas. Gain at desired (0 deg) (15 deg) (30deg) (45 deg)
directions (dB) 12.20 10.89 11.33 10.18 202
Sim. Gain at beam (0 deg) (14 deg) (27deg) (42 deg)
peak directions (dBi) 12.10 11.93 11.30 10.21 Lo
Meas. Gain at beam (0 deg) (14 deg) (30 deg) (43 deg)
peak directions (dBi) 12.20 12.13 11.33 10.68 e
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A9 4.14 NANSVAABUVBIENERINA dx] MKF-SCPA (R=30 mm) Conformal phased array

Parameters Beam1 Beam2 Beam3 Beam4 mz;xB)AG
Sim. Gain at desired (0 deg) (15 deg) (30 deg) (45 deg)
directions (dBi) 10.40 10.27 9.88 8.81 to7
Meas. Gain at desired (0 deg) (15 deg) (30 deg) (45 deg)
directions (dBi) 10.58 9.58 9.87 9.66 0o
Sim. Gain at beam (0 deg) (15 deg) (29 deg) (43 deg)
peak directions (dBi) 10.40 10.30 9.90 8.86 to
Meas. Gain at beam (0 deg) (13 deg) (29 deg) (44 deg)
peak directions (dBi) 10.58 9.75 9.99 9.72 080

Normalized Gain (dB)

=35

e Simulated @0deg
s Simulated @15deg

Simulated @30deg

s Simulated @45deg

---------- Measured @0deg
---------- Measured @15deg

Measured @30deg
.......... Measured @45deg

40 —

-80

-60 -40

-20 0

Theta(deg)
ﬂ’]Wﬂigﬂa‘Uﬁ 4.48 NaﬂTﬁ‘V]ﬂa@‘ULL‘U‘UE‘Uﬂ'l'ﬁLLB\lIWéJN']UGUENa']EJE]']ﬂ']ﬁ

4x1 MKF-SPPA planar phased array

20 40



Normalized Gain (dB)

5 T T T T T T T T T
0 * AGmeas,desired *
-5
-10
-15
-20
)
=25 I
[}
[}
]
-30 i
= Simulated @0deg rrresssr Measured @0deg H
s Simulated @15deg verereres Measured @15deg {
S35+ Simulated @30deg Measured @30deg ! ]
Simulated @45deg rersereeee Measured @45deg [
_40 1 1 1 1 1 1 1 : 45 1 1
-80 -60 -40 =20 0 20 40 60 80
Theta(deg)

AnUsEnoun 4.49 Naﬂ'ﬁﬂﬁ]ﬂﬁmLLU‘UEUﬂ']iLLNIWZg]JQ\‘i’]u‘UE]QﬁWEJEﬂﬂ']ﬂ

Normalized Gain (dB)

ANUTENBUN 4.50 HANSNAFBULUUFUNSHHNEINUYBIE88INA

4X1 SCPA (R=30 mm) planar phased array

5 T T T T T T T T T
oL * AGmeas,desired{
AGmeas,peak % N %
5+ .
-10 ! ""' J
H
5
-15 )
Y
1,
|
-20 i
1
|
]
-25 !
]
]
30 F | 1
e Simulated @0deg  :+s+::::» Measured @0Odeg H
s Simulated @15deg  «s:s:2:::: Measured @15deg '
-35 ¢ Simulated @30deg Measured @30deg | ! 1
s Simulated @45deg serrereeen Measured @45deg !
-40 L L L I I I L 145° I
-80 -60 -40 =20 0 20 40 60 80
Theta(deg)

4X1 MKF-SCPA (R=30 mm) Conformal phased array

152
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4.4.3 #1891N1ARNIAINUEaY MKF-SCPA
1) A1 S-parameter

ATNAARUAT S-parameter Usznauluniy 1. Ardudszdndnisazviou lag

a1891N1AASHANdUUSEANSN15ariaung191e8m1N71 -10 dB AANud T lGesnkuUAe 2.45

< a J

GHz et uAduUszans nsazsieud wuing arvenniafazd swundlad nsnaaouTac
duUsyansnsasion TaeTadn Retum loss vevesrUsznauiidean1snadeu ssUszneuiinde
wgn Terminate felnanvuin 50Q wag 2. ArduUszANs MIdesusEninsesdlszneued
angeneLaIaRU nannasulaeinveden Isolation vevdetntAUsEnaUifasnITMAdey uax

aaAUsENOUWABITYN Terminate Mmelvanvuin 50Q

NINAADUIAAT S-parameter YBIAULUUAIEDINIALAIAIAUYDE MKF-SCPA
(R=30 mm) #281A3 0931A519TATIT BRI MUTENOUT 4.51 WAAIHANISNAABUAT S-
parameter fanmMUszNaUTl 4.52 warkan1sMadeUAENUsEANS MsaTT ouTeIENEaINALEY
guges MKF-SCPA (R = 30 mm) 51U d-way Power combiner wanassan nusenaudi 4.53

LAYAISN 4.15

1x4 MKF-SCPA (R =30 mm) ¥4
Sub-array ~.

Coaxial cable

AMNUSENDUN 4.51 NSNAFBUIAAT S-Parameter ¥8981981N1ALAIA1RUEBY MKF-SCPA
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AT 4.15 HaN1INAADU S-parameter UBIANDINIFALAIEIFUL DY

S-parameter (dB) at 2.45 GHz

S1,1

S2,2

S3,3

54,4

S2,1

S3,2

54,3

4-way Power combiner

-19.26

-35.73

-28.25

-19.86

-29.12

-30.52

-29.46

-12.65

NMTAATIERHNANINAABUTAAT S-parameter VBIAULUUEIYDINALDIAAULDY

InagonndnINUNAN153Na0e 1AUA1 Return loss Y84uAaraIAUIENDUEINITAYINIIUTIAIIND

2.45 GHz ualiauananeiy Wesanuaainandlidudugiainnisasieiuiuuildnig Matching

YoauparainUsenauluminuy

dmsuszauA Isolation senineesRuseneuiliAegluyiewindy -20 dB 1IN

angonAdasssesnUseneullussesvindu 0.754, 39lasuainwa Mutual coupling 5¥%10

29AUTENOUTILALIU DY LAzl old aua oA ULUUAIEBINALAIER UL REAY d-way Power

combiner @aly Impedance matching Ya3unIaRuUgpeLgas pgslsAmuAuLULAgR A

A1115059A9LTIUNANUNADINSLA 2.45 GHz $A1 Return loss $1n71 -10 dB

S-Parameters (dB)

45
2.3

T T
..m@mu‘ﬁ““ﬂé‘
"“‘-‘P' 1
rei@=r Measured S11 ]
wuungress Measured S22
100 Measured S33 |
% |ssss]ppees Measured S44
o soos{)oss Measured S21
: Measured S32 | |
Y anany k++:+ Measured S43
1 1 L L = !
2.35 2.4 2.45 2.5 2.55 2.6
Frequency (GHz)

AMMUTZNBUN 4.52 NANITNAFDUAT S-parameter U8IA1EDINALAIEIAUEDY MKF-SCPA
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S-Parameters (dB)

---------- Measured S11 (4-way Power combiner) ‘

_45 1 1 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
ANUZNBUN 4.53 NAN1ITNAEDUAT S-parameter YBILAEIRUEDYUAE Power combiner

2) WUUFUNSUENALeU (Radiation pattern)

NSNAFBUINENTIVENY WUUFUNITWANGIIUTDIAULULANERINARA I AU DY
MKF-SCPA (R = 30 mm) hansasnnisenaui 4.56 lagnadouniely Semi-aecnahoic
chamber #idausauluimeausu Absorber nelussuunageulsenaulume 1. a1ga1n1AnIAd

2. 1ASDIIASIZILATIUNG WAL 3. AULUUATIYDINIANABINISNAZFDU

(%
a

Tunsnageuindnsiveny Jn15lwesall Pr Ao MawIuIna1ads, Py Ao

899 LASUINNAIATY, Gp A BATIVENLVDIAEDINIAVBINIAGY, G AD DNIIVLEVD

1Y =

a1wenAnIAsugalunife duluuaigeInAinenIIaaey, Ly Aefdsugyideainalsun

a A

doyey1ed, Lps ADMANUGUAVRINASAOUNE, Loperer ABMANLFNFIN d-way Power

YRS

=

splitter, Lpspy, AOA8MUdaElU0INIAIN Wagsyey d AD 88818 Na1881N1ANIAGN

YR

waznpsudadussesiasnmdnnussuzyasauuseezlng
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TRgn1510masmantaze8lunSAIUINAIDNSIVEI8UBIAIEDINE ANNAUNT
ATANILYINSARIANNIS (4.5) TUN1SNAARUEEDINIANIASY WUANYDINIFRULUUNADINIT

nadevasadagukuvannshuslafsaunis (4.6)

N1SNAFBUIATIVYIYVDY AUBUUE18DINIALDIa1AUE DY MKF-SCPA (R = 30
mm) AAUD 2.45 GHz d518astden A9l N1SNAABULNEIRANIALY ADAIWALY 0 B9AT LAY
nstUaumalinunaresnlsenauraIgpINIFLaIa R UEREWINNAU 0 B9A1

| [y < = a 1 o P A

nsnageunndwaznasulduaesiiaszilasenevinlian Py — Pr Ae S2,1
angenanInded wluaigenia Yag Wenswene (Gr) Wiy 14.51 dBi S¥8¥N195ENIN
AadaznIasy (d) dewiiiu 2.75 m nsgadelueiniming (Lesp,) AUIMINELNTT (3.2)
fAwiniu 49.01 dB Masgeydeluaneidyeyias (L) Sewviniu 0.50 dB MAsgeydevedieas
P a Y o w = . Y
oUW (Lps) HAMINY 6.20 dB NMaRUdLEE9IN d-way Power splitter (Lsplitter) NN
6.7 dB @NUNSOATUIERNTIVENEURIENEDINAAULUY (GR) MNaNNS (4.6) Laglunsnaaeuin
WUUFUNSUANESW Judinen S2,1 91nipsedliasenlasadng

LAAIHANTTVAFEULUUTUNISUANE I TuAT Normalized Gain ey 0 8361
YOIFULUUAIEDINIALUTEUIU H-plane Lag E-plane Lansnin1nlsznauy 4.55 n) wag

ANUTENBUN 4.55 2) AIUAINU LaENISUIUUEURNANISNAZBUAIANSIN 4.16

NANSNAADUABAAA BINUNANITINADY AULUUAIEDINIALDIANR UL DY b
SnTIvL1ELIAY 10.63 dBi dauinairauluszuiu H-plane wagluszuiu E-plane winfiu 95.00

29A U8z 16.20 99F1 MINGINU

ATNT 4.16 NANITVIARBUTDIAULUUAIEDINALDIE A ULYDY

HPBW (deg)

Gain (dBi)
H-plane E-plane

Sim. 94.80 17.00 12.60
Meas. 95.00 16.20 10.63
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! Semi-anechoic Chamber

Transmitting
Antenna

To
Network

RF Absorber " Analyzer

l" "MI.:

Antenna prototype

‘ Tunable Phase
Shifters

5 T T T T T T T T T
0
-5
a .
) -10
=
<
G-I
=
)
= 20
E
=
S 25
z
-30 =~ 3
Simulated H-plane |
B Simulated E-plane
e Y /- | S S NN O [TTTTTITY Measured H-plane
Sl e Measured E-plane
-40 I I ¥ I \
-80 -60 -40 -20 0 20 40 60 80

Theta(deg)
AMUTENOUN 4.55 HANNTNABULUUTUNTUNNANIY YBIa1891NALAIE AU DY
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4.4.4 g@1ga1n1d 4x4 MFK-SCPA Conformal phased array
1) AndulszanSmsasiiou (Reflection coefficient)

dmSunImageuaAl S-parameter Usznauludae 1. Avduusyansnisaziiou
TneaneenAnsiamdulssansnisasvioustatossini -10 dB fimnuaildesnuuuie 2.45
GHz ﬁ’aﬁuﬁwé’uﬂwﬁw%wsmﬁauém"’wmm a1ve1nAfazd wuntlaa nisvaaeutnan
Sulszavsnisasviou Tnednan Return loss T8309AUsENaUifasnIMageU seRdssnauiimae
wgn Terminate Meluanuuin 500 uay 2. ANduUTEANS NMsdwiuTzninaesdUsznaues
A1991N1ALA2EITU NMsNRdUTAIduUTEANE NMsdINIUsENI e UsEneu TneYnuean

Isolation YasABIBIAUTENBUNADININAGBY UavesAUsenauiinaedrgn Terminate Aielnan

Ju1n 50Q

N1SNAADUIAAT S-parameter UBIAULUUAIEDINTA dxd MFK-SCPA (R =
30mm) Conformal phased array #281A% 9971AT1¥ULATIVIAIAINUTENOUN 4.56 WanT

NAFDUAT S-parameter LAAIFININUTZNOUN 4.57 Lazmns199 4.17

i 3 = v I 3 A A

ag1¢l3finy LeeRINTUIRYeIULUUAIERINATY dxd BeAUTENOU ABil
BIAUTENBUNIMUA 16 BIAUTENOU M9gIEillnanuna 50Q dmsunis Terminate luitileane
dmsuduinesdusznauiavun AsluranImageuAduUsEansnisazrieunladulunaves

AU9INIFLIIAINUEBETIUAU d-way Power combiner AaA S1,1 S2,2 53,3 waz S4,4

NANISNAADU @1891NAWIIAIAUERENIIUAU Power combiner @1115091197U
AAUD 2.45 GHz 19 1i@1 Return loss #1071 -10 dB d@19i5uAn Isolation vadwaainugoslu
w7 Circumferential A132AU8Y TuY1991N71 20 dB HANINITTALTYILUUUDIEIR ULUY

Conformal
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NS 4.17 HanSVAEeY S-parameter 4x4 MFK-SCPA (R=30mm) Conformal phased array

S-Parameter (dB) at 2.45 GHz

S1,1

S2,2

S3,3

54,4

S2,1

$3,2

54,3

-11.78

-13.02

-13.55

-13.71

-21.39

-22.71

-23.18

4x4 MKF

30 mm)
Conformal Array

Coaxial cable B :

AMUSENOUT 4.56 n1snadauin S-Parameter J0981891NA
ax4 MFK-SCPA (R = 30mm) Conformal phased array
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0 T T T T T I
ST J*\\"‘“ & i “ﬂ‘.‘.‘.‘.‘,g#
s B Rig, "
&

-10 + g §$ .
2151 oa |
=
A
w
= =20 b
e O,

53 ae DR 4425
E -|,.“ .
S e ' |
n e ®
@ 30 * .
,.\'\“"‘ =« Measured S11
¥ *» Measured S22
35+ Measured S33 | -
» Measured S44
wreayees Measured S21 ps
-40 Measured S32
----- k++:+ Measured S43
_45 1 1 1 1 1
2.3 2.35 2.4 2.45 2.5 2.55 2.6

Frequency (GHz)
AMUTENDUN 4.57 NAaNITNAFDUAN S-parameter UB9E18B1NA

ax4 MFK-SCPA (R = 30mm) Conformal phased array
2) WUUFUNSUENASeU (Radiation pattern)

N13NAADUIATNIIVENUALLUUTUNITUR NG MY VBIRURUUAIERINTA dxd
MKF-SCPA (R=30 mm) Conformal phased array fsn1wusznaui 4.58 laenaaauniglu Semi-
aecnahoic chamber Maau5aUlUA18WN Y Absorber Aneluszuunaaaudseznaulusnie 1.

ANYDINANIAAS 2. WASDINATIEVLATIVIY LAY 3. AULUUAIEDINATNIABINISNAADU

v
=1

Tunisnaaauinenstveny An158eesAN Pr ADAISIIUIINAAES, Py AB

Aa97 lASUANNA1ATY, Gr AD BNINVYIYVBIE18DINIAVBINTIAEY, G ADENTIVY18VBY

a1eenAn1ASY Baluiilfie AuwuuaeeINIANfeINIINAGRY, Ly Aoiasugadeainaiedl

doyey1ed, Lps ADMASNUGUTVDNRAIADUNE, Lgppirrer ABMGINUGAYLENIN d-way Power
. A = ' A | ! = &

splitter, Lpgp, Aonisgeyidelueiniadng uavsver d Ao seeevineseninangeinia dalussey

fasnrdasnvawiuszeslng tnenisiweswmaniazdiglunisAIulnAIdns1v818v89a881NA
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LAZATUINAIBANNITNITAINIUVRINS afaaun1s (4.5) Tun1snaasvatgarnianiasuLiy

angoInARuULUUTIReIINAgsUansadagUkuannsinilafaunis (4.6)

Semi-anechoic Chamber

Transmitting
Antenna

Network
Analyzer
—

8| 4-way Power
Combiner

nwusznoudl 4.58 ﬂ’W‘i‘VlﬂﬁE]‘ULLU‘UEUﬂ’ﬁLLE\iWéJN’mLLu’]iguﬁU H-plane ¥83@1881N"F

ax4 MKF-SCPA conformal phased array

NSNAABUTALUUTUAITUN NG S ULAL DRIV AUBUUANYDINA XS
MKF-SCPA (R=30 mm) Conformal phased array #1a2738 2.45 GHz ds518az1den 69t 1. A9
NAADUNIMNA 4 NAn19lunulITeuIU H-plane asnmusznaudl 4.58 v 0 9967, 15 9467, 30

29A7 kA 45 9A1 Laen15teunaliuAaraIAUsENauVBIEIEDINIALIIANN UTLANANSAUAD O

Va v Y

991, 45 997, 90 BIAN kAL 135 93F1 MINEFU a81elsAmuAINUNT 1 EAT8Faan15HANTUN

kY

a o d' 5 a A d'
NANNVDNAIAAUYNUUA 7 NANIIAD 0 9IAT 15 B9 £30 BIAN LAy £45 931 LUBNANgRINA

v
v A &

LOEAUTLI U @18DINAANLINT FIUUIINAABULNEIAULALIAD 0 83AN, 15 831, 30 kay 45
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291 way 2. NMsageuluwu E-plane AsnmUsEnoUN 4.59 NagduLiesiiAnIgAgIfe 0 096

TaanstoulaliumasasnUsenauIBIaIgDINIALAIAIAUWINTU 0 §9F1

Transmitting 18
Antenna

> 4-way Power
Combiner

To Network
Analyzer

AMnUsEnaud 4.59 ﬂ']iVlﬁ]ﬁ’E]‘ULLUUEUﬂ’]’iLLB\l‘WéJﬂ\‘ﬂuLL‘L!Ti%‘L!']U E—plane VB8N
ax4 MKF-SCPA conformal phased array

mInegauiinirdanazninsuiduadosiiaszilasatie A1 Py — Pp fio 52,1
angonanndsdaduaieeinie Yag Wisnsveny (Gp) windu 14.51 dBi S28sn95EnIng
Madazn1asy (d) dewiiiu 2.75 m nsgadelueiniaing (Lesp,) AUIMINENNTT (3.2)
fAiniu 49.01 dB Masnugaydsluaneihdyaia (Ly) wiriu 0.68 dB Masnugaydeves
299stdeula (Lps) dawvinfu 6.20 dB Aasugadean Power splitter (Lspiierer) 1Y

6.70 dB fdanugadeain Power combiner (Leompiner) WU 6.70 dB



163

AUITOAUIUDNTIVY18YBIE18DINIAAULUY (GR) MUENNIT (4.6) wazlunis

AU IALUUTUMIUHNG 1Y Tuiine 52,1 vadAsainseilasane

LARINAN1INAZOULUUTUNSUENAITuAT Normalized Gain feys 0 991
YOIAULUUAI89IA1A TUTZUIU H-plane uay E-plane LaninIn mUsznaudl 4.60 n) uag
AMUTZNOUN 4.60 Y) MUEIAU AULUUAERINALBATIVEEaaViniy 15.12 dBi dvu1na

AaUluIZUIU H-plane WNAU 30.00 99A71 waglulud E-plane Jauawindy 15.00 9961 99087

a

AaUlLLYI E-plane BAUININIAYBIILTIATEUARH A1ARUTDIAEDINIAAILUITOLNINTEINY
uneseuaquivsunieessundilaniivuianiiavidu 45 m uagssegnlnangauiniu
244 m ledeslsuarnduludayu +45 aarn Feaneeniaruililsveslnaganwimadsulula

WINAU 271 M AIUINANNEUNTS (2.29)

MIUTEUTIBUNENITI IR0 MaZNAdOULEANIF 1151971 4.18 nan snadeuling
aonndosiunaNITINad ANAINLANANITBIAISATIVNEFIqATIHIUIS Desired direction
(AGmeas desirea) W¥INNU 1.01 dB LLazﬂ'ﬁmmLmnm'wumﬁh'ej"mwmaqqqmﬁﬁi”nmm Peak
direction (AGmeas pear) 41U 0.90 dB Fefonen -3 dB Jedelainlvinauaud® Constant gain
ﬁﬂ%%Uﬂ’J’]%JLLiJ'UETWﬂ’ﬁ%’ﬁﬁWNLﬁ@ﬂ%ﬂﬁ’]ﬂgulﬂg\‘mm 0 9971, 15 93977, 30 99A1 LLay 45 BIAN
FuuuUangenahaansaUusnaululdsad 0 parn, 15 03, 30 B9FN LAE 44 Baen Sl

ANALARBUNISTNANIBAINY 2.22%
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A5 4.18 NANSVIAEDU @181 dxd MKF-SCPA (R = 30mm) conformal phased array

Parameters Beam1 Beam2 Beam3 Beam4 mz;cB?G
Sim. Gain at desired (0deg) | (15deg) | (30 deg) | (45 deg)
directions (dBi) 16.24 16.17 15.7 14.72 to2
Meas. Gain at desired (0deg) | (15deg) | (30deg) | (45 deg)
directions (dBi) 15.12 14.49 14.76 14.11 Hot
Sim. Gain at beam peak | (0 deg) (14 deg) | (29 deg) | (44 deg)
directions (dlBi) 16.24 16.20 15.72 14.74 +20
Meas. Gain at beam (0 deg) (15deg) | (30 deg) | (44 deg)
peak directions (dBi) 15.12 14.49 14.76 14.22 070

Normalized Gain (dB)

Simulated @0deg

e Simulated @15deg
S35 Simulated @30deg
Simulated @45deg

---------- Measured @0Odeg

---------- Measured @15deg
Measured @30deg

---------- Measured @45deg

1

o
B N A

-----

-20 0
Theta(deg)

20

ES
=]

) 58U H-plane

60 80
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Normalized Gain (dB)

Simulated @0deg

......... Measured @0deg
| | | A | I L
20 0 20 40 60 80

Theta(deg)
) 52UV E-plane

ﬂ']‘W‘LJi%ﬂ?J‘UﬁI 4.60 Naﬂ'ﬁ‘ﬂﬂﬂ@ULL‘U‘UEUﬂ'ﬁLL&iWﬁqJN']usUaﬂﬁ"lﬁlaqﬂ']ﬂ
ax4 MKF-SCPA (R = 30mm) conformal phased array

AULUUAIED1NA MKF-SCPA (R=30mm) Conformal phased array 9u1a 4X4

aeAUsznay IAuaudR Constant gain USudaduludeiumiayusneg Myanaswesdnsnveny

a1

U o d‘ 6 ! wa 1 o ngQ dl d‘
YUTUIVAIPAUAINIT 3 dB LS AMANUAAIMULNULINITTNANIINEN lagdaranuaaedeuly

v
a =

ASTRANIUNEINA 2.22 %
4.5 g3y

UNAMNTUNAUDNITANVLINVDIAIDINIA FINAUINIIINAIDINIALDIAIAY
SCPA (R = 30mm) %38 SCPA (R = 30mm) - Planar phased array 21nuUAount1 3AUsznau
YashuLUULmIERUsInaivwalng Wethindassaduimaiuaunsadnsedasliiinnis

udouvetetdAusenauilssesritniiu 0.604, WeoUsuarnduludayuseg argeniedlin

AEUUR Constant gain wsiagalsinu dauAIaRdeunSTRANIYINAY 22.22% Wunaain
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J¥AUYDY Grating lobe M1dAinaNTveen19veIasAlsenauINndl 0.504, fwiuluuniliaue

N158AYUINANLDINALR B AN YA T UL U Tl AT ST e ETEnI1909A UTENBULYINAY

1Y

0.501, &l

1897014 1 89AUENaU

'
v Aa

FFuisuduain msuszgndinaianisanruinsiegu Minkowski fractal fiu

e

va o

g18a1nAvUNe 1 pepUsenau ?fqrgpa]sé’ﬂﬂﬂﬁ’ﬂmqa%ﬁqawmmmﬁumﬁauﬁ‘uwdawﬁw vHu
A0 ALNMTYNTn Aod180INIALNNG SPPA Lava1uenIALNYS SCPA 1ioanuinadudd
aeldfu anwernAunmd MKF-SPPA wag ange1maunms MKF-SCPA mugsiu Tagaunnifui
YDIEYDINIAANAY TVUIARUTLYINAU 59.57X60.12 mm? Seaunsnanuuiafiudias 37% a7n
Auauafiui 90X110 mm? Tngansonirdsanvuiaudaiivuniuiiidy 63% vesaseini

ADUANYUININNUNNDUNLN

NNSI1ADIFILDINALNNT MKF-SPPA ey MKF-SCPA iﬁmaéﬁﬁf AUDINALNND
MKF-SCPA T aunaannd und19nia @aee1n1Aunng MKF-SPPA wazn1sanuuinsadves
anwoInALNNg MKF-SCPA dsnalinuindiaduniiety dufitedeanisanseiniaunndnis
osAUsznaUiliuadInAunI1siignAe MKF-SCPA (R = 30mm) egdlsAmugIdernsaing
FULUUEDITUIN ABE188INIALNNT MKF-SPPA SATVNAUUUA Lazaga1n AwnNng MKF-

SCPA (R = 30mm) titelddwsumsiuSeudieu

A7891N1ALAIAIAU 4X1 B9AUsENBU

[ |

Tuandudau dnesrUsznoundsaianige lawn Planar, 60mm, 45mm wag

[ = 1<
30mm aLsgdUAI881n1A Planar phased array wag@1891n1#A Conformal phased array
YWY 4X1 29AUTENBY adNARIRMAN YA YRIEIERINTA L #ia1sainAn Directivity Tu
ATULMUHUAI99 (1N 0 89A7, 15 89AT, 30 BIAT LAE 45 BIAT) ATUIUATAIIULANAIIVDY
Directivity g9an LitetUTeuiiguamauda Constant gain %38 Gain reduction YBILAITFUADS

Laiiiu 3 dB wazauutdudluns¥ianianisvesdaindu laed3deUseuisunanisdnass
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3111981991017 Planar phased array $81#1190 9 ULAENAIAATUINBIAUTENDU UATNIT
= a o o o Yy Ao v a [ o oA
WIBULTIBUNATBILAIEINUT QNARTUIAAILAT NUNITIALTEIN19NUY AB @1891N"A Planar

[

phased array wagage1n1@ Conformal phased array $iail

NaN13INaRNUTBUTIBUTRY @1881n1A Planar phased array se1#i98sAUsENOU
AOUARYUIALAZNIENAINITANTUIA AI8T5aU Minkowski fractal 1nLANNTALBIRAIEAULA
5v8¥URI0IAUTENBUWINAU 0.601, @1usadaseadusyevaasesnusenauluailawindu 0.504,

fieud 2.45 GHz

31NNANITINE8Y @188101¢ Planar phased array 103AUsznaugnaniulInuwds tinaauUs
Constant gain WaEAULIULINITTAANIANIT @1801NALAIAIRUNDIAUTENDUNBUARTUIN
wenandaunsanaseauvedlaldsasiaanfuiilausnamindu -13.00 dB @1unsanasEAUTes

laudn9aan@eLyinnu -14.58 dB

NaN1591899LUT BULTIUUDY @1891n7A Planar phased array Lazaue1nia

Conformal phased array lngfiasausznaugnanuuameisau Minkowski fractal

41891N1AkAIARY Conformal lviAauauy® Constant gain wazdinuuslug st iensindy
#1891NALAIEIGU Planar kagn15anvuIniAlvesEIeeINIALAIa1fU Conformal @1u15a%7e
JuAnauti Constant gain uazdinTuuiuginsifians uenandvwindirduvesesdusznay
fdanasoant® Constant gain LazALwluE NS IRAmEEuiy Tneesdusynauidvuingd
pAunTeeifilinuaiiiaesireduinnudemuiy

o
Y v Ya v A (3

wiuifideiden ssduszneuivuindinduninsfeaseiniaunmd MKF-SCPA
(R=30 mm) LazanlseaunIa1fuLuy Conformal phased array $AHiuaE1AULAIYINAY 2.004,
azladuargennid MKF-SCPA (R = 30mm) Conformal phased array ‘ﬁﬂmauﬁﬁ Constant
gain AA1AULANFINYDITNI VLAY 0.92 dB LLazﬁﬂ’J’mLLﬁUETWﬂWiG?}/ﬁﬂVINQQ PR
AALAAIUNSTRAMIAVITY 2.220% uenaniluansoneLaagiulsTam High gain (Gain >

10 dB)
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N1sasIA UL ULaIEINIA HITeaseduluy 3 tassadne taun aigeinia 4x1
MKF-SPPA Planar phased array, @1881n1 4X1 MKF-SCPA (R= 30mm) Planar phased array
Laza188IN1A 4X1 MKF-SCPA (R= 30mm) Conformal phased array i1 o4& %5 unas

Wisuwisu laglinanisnaaaudanmaaauNanIsINasd
A189INARAIAINY 4X4 BeRUsENaU

waeg9lsAnuALLUUEI891A1A MKF-SCPA (R= 30mm) Conformal phased
array fiflawaiiies 4X1 asdusznoutsiull anunsolisasuszana 10 dBi naoanAYIINTS
USud1mdu d991nnnseiuans Power budget @ngeinianaidsiunlsisnsieeatisiios 13
dBi

I '
v Va v

AeuRIdE LA UsENauYeIuadEaulilivuawiniy 4X4 asdusenau Lagdl
syeenvesasAUsznaululul Circumferential Windu 0.501, kazszuzrisvotnsnlsznauly
WUILAY Y WiINAU 0.751, Ban1siinesausenaululullny Y Uananasyigifiusnsnvengnan

Farpduaeduiwiyueniilauas vilivwindndunefiurunAunINevessung

nuan1saaa Ul iNadenAaINUNaN15INaDY @18a1n1f 4X4 MKF-SCPA (R=
30mm) Conformal phased array Tens1ve18tM1AU 15.12 dBi dvurnainduluszuiu H-

plane WU 30.00 03¢ tazlulin E-plane HU1AWINAY 15.00 891 FI81AAUTDIA18BINF

1% '
& =

ansousmdanuaTounquiuiFun e sdundldivan iy 45 m fsgeyiilnaiian
iy 244 mfefesUsudind uluda £45 osm Feanserniaaansaudindaaulule
sverlnafigaiindu 271 m Fuwvuaneenialvifinuautd Constant gain fANLANK1YDS
gns1vengeantosndt 3 dB dAviniu 1.01 dB LLazﬁﬂ’J’mLLﬁ,J'uEJonﬂd;’QﬂVINEjG 1AUAIA

LAADUNSTNANINNEY 2.22 %
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= v
unn 5 d3U uasvatauauy

[

U398

1 v )

U3 aiunseaniuuaeeINAdImiuTEuULIASATIRUTRguUanUasy
Tuanuiinisty Yszgndldaumalulagisnisdendadunsed Inannsiauguiediu
15013 Inpenfenisasviounduvesnauaning divang ddyaaanussinaran nasaai
<3 Aaaada a = a <3 Y
Junmaealifiniinnuazidengs Geaigenianieaneuulu argeiniaLadafuLuuasgy
9IUVULIUAIND S-Band (2.45 GHz) weiazvada3nlsenauvadwaratnutduansainiamewng
wuuasgy Nilasadialasie Tanautfaaiuning dmalidedasoadunaididunds gnusu
anadunaliiiaiesasideua areainiauadaruiliiguaut Constant gain dA1AY

a

wAnE19veednsvenglidiiu 3 dB wazdadnuuiugilun1syfiAniefias vusdsudnduluds

NAN196N9°)

[y

a ‘&J
Aeluuised

o

WAUD N1TDDNALUY, 91899, @319 LAZVAFOUAIIINIA I1UIU

2 gilana8iu laun 1. @1881n1AL3a16 U Suspended conformal patch antenna - planar

phased array AeagainawaIddufisnseanndduludnuae Planar Insfiudazesdusznay

WJuarwe1nie Suspended conformal patch antenna #39 SCPA Uag 2. @1891NALIIAIRNY

Minkowski Fractal Suspended Conformal patch antenna - Conformal phased array @ ®©
v o

o v a o [ a 1 3 I
g1gnAaIRuNInLseaLaanuludnwe Conformal lnafiusazesnussnaulduaigennie

Minkowski Fractal Suspended Conformal patch antenna %38 MKF-SCPA laganga1neila?

£
o v A

anull Wuage1n1Af Wau1uIna1n SCPA - Planar phased array Wi oLl N5z @8N5 n MU0

d1gonIA

a

ag19lsiau neuNIseaNKUUAIERINIA HIT8AIWI Power budget n1elu
JEUULINSATIITUIRquUanUaay Lilens uiednsenentseiganssuvaiunsadinsiaula
waz agnnelanguazdetAuninigiunsiy MnmsAwIMaIgINAMsans1vegeg19tiey

13 dBi A9UUAULUUEIEDINALDIAIPUAITININAIN 13 dBi
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5.1 @1wa1n1e 4X1 SCPA (R = 30mm)-Planar phased array

d1991N1AL02810 U SCPA-planar phased array Alounazesnusznoutdu
drvornraunntsaadauuulas (Suspended conformal patch antenna, SCPA) 15 Fflva4
29AUSENBUINAU 30 mm LALIUIAVDILDIAIAULYINAU X1 89AUTENDU TIT8LNI9TENIG

29AUsENRUWMNAY 0.601,

IINHATIADIALNAFRUAIEDINIALANATN ADAAR DI Y AULUVAIIBINIALA
9n31VLFIEATNI MUY 0 B9AU 11.83 dBi Weusudnauludiianiewneg fie 0 aaen,
15 8467, 30 83A1 kAw45 037 AuLUUAERINATliAuEaNTR Constant gain AA1AILLANGNS

YoeASn I aanosnit 3 dB lnefsuiauiiaula (Desired direction) lakf 0 a1, 15

'
=

99F1, 30 BIFN Uazd5 B3A7 WU 2.72 dB wagfisnumia Peak direction Masuvitsyuiannd
Yaa1gan1AansaUTululafiAInuuane19er1dns1veegeanesnid 3 dB iuriy

WinAu 1.77 dB

wAaeg19lsAMIY AUBUUANERINATNA UL Finsdinnuaiatadaulun1sTRANI

Aoudnege WaUSudaduludsiianie 0 aemn, 15 83, 30 B9A1 UAE 45 B9A1 AULUUAEDINA

1%
N a

fanmsausululfifies 0 psm, 13 837, 25 9 uaw 35 83 fAuATAARDUNTTTAATNG
Wity 22.229% Hunasnmsdnesunididufissesrinwetesddsznauninni 0.504, dwals
\indgynn Grating lobe fisyavulaud1agavindy -13.00 dB vuInesAUsEnaudvuIawinfy
90X110 mm? iledmssadunmdiund dszozvisvesesduszneviitosdignillideuriuiu
LWWRNLVINAY 0.604,

(% (%
[ a

Wy LW oanANAAIALAR BUNNTT NI ANIIVBIA18RINALAIEIA UL 633
o v 3 = v v A < ° w 1y oA !
Tidudesanvuinvesesrusznauad e lraunsadaleaduimanulydud Iszezrineves

239AUSENDUWNAU 0.501, NAIUD 2.45 GHz TuApIUInveteIAUsEnavazaaslilin 61.22 mm
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5.2 @U91IN1ALAIAIAYU 4X4 MKF-SCPA (R=30mm) Conformal phased array

luddudaluiieusuleuseaninmuessuwuuangainia SCPA (R = 30mm) -

Planar phased array TilA11uulugIN5TRANILTDUSUA1ATLINNTY AILUADINARIN Gating

lode F 9peanauInvasesnlsenevlianas Wedmsondunaiainundlilszezvinaves
aa

2IAUTENBUWINAY 0.501, H3T8UszyndldinalinnisanruinangeInernie3sqy Minkowski

Fractal

N13AAVUINAIEBINARIET5QU Minkowski Fractal fian1siiasesnvouveInIy
ANLALAIUYIVBIANYDINIARNNT d@1unsarinvuInnI i Tnaiunslaveansea dnaty

Anudslowuudvesagenagnidouludiaiudia Aeiu@En1snan uIANIaNIEAINYes

a

a1we1nele Sen a3dUsEnay SCPA ignanvuinie3sgu Minkowski Fractal 31 @1ganie

wnnd Minkowski Fractal Suspended conformal patch antenna %38 MKF-SCPA

a1891N1ALNNY MKF-SCPA NQnanvuIaudidyuiaiunmnny 59.57X60.12

mm? J9UIALENAIINAULUUAIEDINFLNNT SCPA ATVUIANUALYINAU 90X110 mm? Yu1a
NUTLENAWINTU 37% nSoflvuiafiuidy 63% U99a189101@ARNNY SCPA Laza1u15auIuN

aa

v a < o o I's (Y ¥ r-:’lj
L8 UUAYDINFALAIANNUNLTE UL VBIRIAUTENBULNNY 0.504, 19 wazuenandauisana
S2AUYRIAUTIANED -14.52 dB F9an5eaUlauT 19N ANYDIANEBINALAIAINU SCPA

WINAU -13.00 dB

113189710 7ALNNT MKF-SCPA (R = 30mm) a5 89t U819 UL Uy Planar

1389177 @189171A MKF-SCPA (R = 30mm) Planar phased array lagfauin 4X1 a3aUsznau

'
=]

IINHANITINABIUALNAAOUAIEDINA WIHATABAAT 03U AULUUAIEBINALTERNI1VEN8E9E0n
Ly 0 831U 11.70 dBi Wisdsua1aauludayusingg laun 0 asen, 15 o9en, 30 09¢n

LAy 45 03A AuangeInIAlliauany® Constant gain 7#unUs Desired direction leiun 0

N 0 Y

99A1, 15 83A7, 30 83A1 WAy 45 83A1 AAIAINLANANYBIAENTIVYIEadanTlA1TauNI 3 dB

q

WU 2.02 dB WATAIAIUKANA19TBIASATIVEIEEIFATVOEIIUS Peak direction 1Tu

AuvriaEianduvesatgeIniaausadivlalirdesndt 3 dB wuiu wiidu 1.43 dB uasdl
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AN Ranefiusiugdu Woufudedulugsiumisn 0 osn, 15 ae, 30 asa
4a% 45 89 fuuvuaa M AtausaUsudraulUlER i 0 aeen, 14 pem, 30 s uaz 43
0971 T1AUANALAA DUNSTAAMIIMNTY 4.44% FaUSeuriisuiuatsennAuaIddiu SCPA-
Planar phased array NauUN15aAYUIALAY ﬁul,wumammmfmmaaLﬁ'mﬂizﬁwﬁmwmaa

AauauUR Constant gain wazdiAuLug1NTTNANIALINTY

Tudaudaly Whateainid MKF-SCPA (R = 30mm) 1nanisaaduwaiaifuluy

Conformal AadmssasrUsznautduszuulas 1Sun31 @18871n18 MKF-SCPA (R = 30mm)

Conformal phased array flaunn 4X1 89AUsgnou seoevnesendneesmusenaulunu

Circumferential WinAU 0.501, LarsANlAIUBILAIARUYNNAU 2.001, IMNNANITIIABILALNA

NINAFDY @1891NALIATUN IS T uLaIEIRULUU Conformal ARetiuUsEaNsAINYes
wa . | S a 3 = a a Y]

AMaNUR Constant gain kagAULIUNSTAANININTY WalSeuiguiy a1geiniam MKF-

SCPA (R = 30mm) Planar phased array

NKANIINAFe U NaT deAAR 8dA UNAN15T1809 Auluua1ge1n1Aill
9NV EIEATIUVUILY 0 BIAWINAY 10.58 dBi LilaUSuiirnsvasanaulugayusiingg laun

0 849A1, 15 89A7, 30 89A1 LAY 45 B9F1 NELKIUS Desired direction HAIAIIULANHIIVDIA

a1 4 1

dnsveeasgaiiatioandt 3 dB Wiy 0.92 dB uaziisumus Peak direction usumisyud

9

arduvesatgeniaaunsadsululasiandeasnia 3 dB WUy WwinAu 0.86 dB @1usumaIy
wiugIN1sTRAnIalausuaraulugainumisygy 0 09a1, 15 8961, 30 03A1 WaY 45 D97 B

fukuvatganIaaInnsausuatna wlulaies 0 89a1, 13 9961, 29 D9F1 LAy 44 a9en i

1%
a |

AUABIALAADUNISTAANIWANNU 2.22%

A189111ALAIAIRU MKF-SCPA (R = 30mm) Conformal phased array 91994l
fuunavesunidiuiiies 4X1 asausenau Felvignsvengnasnnisusudnauynitanisegiugae
10 dBi wiog1alsAn1u 31NA1SAIUINU Power budget BRIIVLIBVBIAILDINALAIGIAUAITE

ag9toy 13 dBi WiabissuuLInsnsaduinguiantasuilanunsavinaulanield Margin ves

£
v =

SyUUeg19tiay 30 dB AatU JuANruInveLalIdIfuLTuTUIA 4X4 peAUSYNOU LAl
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29AUSENBUIULUISEUNU Y 31UIU 4 29AUTENBU 138ND9AUSENDUIULUISEUIULNY Y 77 LD

[y

AnuYey

megluagaimawaIdInugos wingasrusenaugninseelissuswintiu 0.754,

1H9991NABINTAUTNSTIVYEWAANYDINALDIFIAU TIN1TANTLHLN9V909AUTENDU @115

£
[ =

MNgRTIVENENINTY NIzEiiu 0.754, IWensvenegedn uasilseduvadlaUdnafiiugatu

(%
v a v

wuiy usog1alsiausiuluuasaInIaLeIafull feenisusudnauiesluuiyunamity
(% g.J/ d‘ o w 1 IS Y ¥ d' =< 1 1 (% [ g d‘
Aaiunsiuaawugesiiseaulaudnddunuiyuenias Jskiiinadedunmsusuanauluiuiyy
dy o 2 o w 1 = 4 Y o a
N9 wenINi vumvesarrduvedwaEdugsluLwynengniulvikauas Tidvundindu

o v ) saa W
NEANUVUIAAITUNINVYDITULNIENUVUIALNINY 45 m

PNNITNAADUAULUUE188171A MKF-SCPA (R = 30mm) Conformal phased
array 3U1A 4X4 89AUsEnaU MiNalldonndaInUNaN1TI188d AULUUEIEDINALABRT1VYNE
gegaisiuvteyy 0 8amwiiu 15.12 dBi- Hvweaieduluszunu H-plane Wity 30.00 wag E-

plane JvuAdIAFUYINAY 15.00 83A1 WOAUIANMNUTATOUARNIULLILNENLAT S1ARUYDY

1w

o o & dv 1% Y s % = =
A180INAENUITALHMANUATOUARUINUTINUN TR SUNENTWNAY 45 m 16 Tnefiszeziilng
ngailodosusuaimauludayu =45 aeen windu 244 m argeniAaINisaukiasaulule

seeylnanignwiniu 271 m

WeUsuaimdusuwuuatee N Alugausngg laun 0 a3mn, 15 8967, 30 83A7

N Y

ez 45 831 U1 Desired direction JANAINULANAYBIAIINT VLN EATA TN 3

9

dB W1AU 1.01 dB Lazfsuwnus Peak direction WusunINa1AaUURIE18INAZINITAUTY

1%
a o

Tulgdiatesnin 3 dB wuifu Wiy 0.92 dB @ nsuanuwiluginisinaniadiaysuainauluds

LIy 0 83A7, 15 830, 30 837 Uag 45 896 FeruluuauanAtausausululadad o

v
a =

29AN, 15 8971, 30 89A1 LAY 44 DIAN UAIUAIALAFDUNISTNANIWNYY 2.22%

o awv = o o N
aqﬂaqﬂqﬂwuqLﬁuaiu’l‘ﬂﬂLaNUﬂ@ ﬁ']EJ@']ﬂ']ﬂLLﬂ'Jﬁ']@ULLU‘Uﬂ\TEU UYDI1T MKF-

'
Ya o a bt

SCPA (R=30mm) Conformal phased array 7u19 4X4 93AUs52nU LAuR 19815 UAUIINATT

Y

DONLUUAIEDINIAYUIANTIBIRUIENDUNDY WanthundnssaduaisainiAwaddsu Tnedukuy
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=

awemakmauiilinuaud® Constant gain dnsveneanvazdsuainduliia 3 dB uag

A v o = ~ =

TAuAMNRLuE 1T AANIadoUsuainau danunaiaadaunistnaniedliiu 20% &

(%
LY Va v v

Julumudeulvuseiunidendidenild venaniidunuuangeinialignsiveneuinnit 13 dsi
Toulunu Power budget ¥a438uy aunsatlulssyndnussuusasYanladunsien

aaduinguiantasunigluwaiuiinisdunviiaugiu 2.45 GHz 1
5.3 daiauauuy

5.3.1 1AS9E519009AULUUANEINA

angoniALamuLUUALIUNIaueluwidel Yseneuludieesdusenaui

Wulpsasraa1ea1n1aunndlaanuurodda 1lAsaas19a1801n I ALNNSAINISNINTUaINA

(%
LYY [y

FEMINTUNINANUTUTANFINTEY Uaglassadeiidnuaelacde InoudasrusenaurasiaidInull

TnuaudRdInaundIe B9n15ansAinNUlAIYe9a18 91N ALNNTLAILUUTDLTAAY daliauln

q
[ (% '
[ v o =

YoaAaUEINIIaTY AeluIdedenldTandmsutuiangiusemiauiangy aunsalaaie

[

AUTALTN A 99n15 1anlYI0ULNY Flexible PCB %ilm FRA TAMUMUNYIAY 0.2 mm Waeg

[
Y

Tududesiilaseasne Support @msulassasrstondadmsunenseninedunsanuduia

PO

guseasyililassasisaiunsaldsls §3deidenldidulumaauiffignasianiniaies 30

Printer

wsog1slsnmumedadiinvediiuy Flexible PCB Laglaseasne Support N18579

310 3D Printer # @1u1savilatgenawnngillasiensaidesngaiiios 30 mm Aetunin

Roan1slASIas1sa1so AT vuInsAILANA11 30 mm AasiUdsulaseass Support Tagld

aa o aad
ELIANFGFRN Support A0BULLNU

5.3.2 Arnamufdevasaunsalnieluszuu (Power handleing)

aelussuusningaduinguuandasuiiusenousie 3 diulvgiq laun 1.

41891017 2. 19AIARUINY Wag 3. N1TUTEIIARANN  Baseauvasitdenunignianlyangly
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szuviiludiunidnlundensisaeu eswnseAuanunumdiauvessgunsalty day

NUNIUIAAILUWINTY WU 2995DENNTaNNd 199sidoua Wudu

wonand f\]’mmsaaﬂLLU‘U'ﬁzUULﬁmi‘mn'«ﬁ’ui’mql,maﬂﬂaamfj”aw’fu ekt
munalagliiimasuanneduriiu 30 dBm udegnslsinmulunendanuin 2sesdeunad
9 ufa MAPS-010144 Digital Phased Shifter [19] anunsanufidsulddosnindisnnals fe
vufdanuldliiAu 25 dBm feuileanmdsuvessyuulitimdanudasiafu 25 dBm wilel
anunsaldnuhufuiandeunaiuild ssuusainmafuiruantasuifdsesamsarha

lan1elarn Margin veeszuuedenaianunnnan 30 dB

5.3.3 Massnugeganltluszuusaiinduinguiandasunielusiniaeny

18991189 Ad YT UTTUULIANS A TIATUTRguUanUasunieluainideu &

Fadinnsud Sadneluguaud 76-81 GHz lugUvesidedseanainieakuulelansetn

[

(Equivalent Isotropically Radiated Power, EIRP) #afl dsaufianunsaldemunnglugiuaiud

a o w

76-81 GHz lnewaaefldarusialy 50 dBm wasilmdsaulaiiiu 55 dBm [20]

¥

5.3.4 AYUAZIBYAVDITIUULIATT YUREAUVUINGIATUYRIEIEDINTA

(9]

ANUAZLDEATDITEUULSAS AOVUNNAIAAUVBIA18DINA LRI

ANUNTINAIARUYDIAIEDINIA ABAIIUNTNATOUARULTILUVBIFULUUNITUN

1Y [

AAIUBIAIEBINIA BIANUTAMNUATUALTUTaEaIN AN Sadwis o SUdyalaegned

YLaANTNIN

ANUALLDYATBILIANS ABAINUANNNITAVITEUUIUNITHEN WYL TENINNT VU

'
a a

Y3 DAALNOUNLTEULUNANUY SLUU1NNATN @ASEUINNEDNTINUNETALTANTAIUITOLE N

q

[ LY v [d v o a 3
’e]’e)ﬂL‘IJ‘L!’W]QIWUSL“U‘Llﬁ]i]ﬂ']‘ﬁﬂﬂﬂ’ﬂﬂﬁ%LEJEJG]“UENL?WH
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ANN19EIAA uYBABINALaTANAzIB BAvsAnT Ias i lU a9z
wsandfuiiu lneaneornandaiuninawesdinduiiuay (Narow beamwidth) uansfanauat
qugﬂawmmﬂﬁﬁﬁﬂma (Directional pattern) ﬁmmLL@JuéﬂﬁIumimw%’ﬁmqLL‘UaﬂUaamqq
Tuvaugfianserniafifiaiunirsvesdindudiniie (Width beamwidth) axlsinnsaseunguiining
winlIreeN1InTRTUInguUanyUasuazgnanas feluaAdeillaigdlddumanuandeanes
szuuisfrovuan NN vesdnduluLuIINIA (Azimuth plane) Aeszayvineilnddignd

vosdoringulmneisasannsanenuezla

pgslsfinu anwazidenveasmslasudvninaantadedus uonmiioarnainy

'
=

ni9dAduYesEIERINIARIBIdUiY LA n1seenuuUsEuUlagsId SautednuuzYeesUad
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AANUIN
AIMKUIN N
1. ¥ina 1M AEIUYIRAIA AR
1.1 ANWAININILANVDININDINAL LA THEY

vhermAgumelng) Ussnoudisnialwiamedsdnsulhiesosdudusazas
Fednvaenanenmueanialdnvagldadundadiuiuuen dmsvruinresdnsugni
MEATNVBIVINDINIAMAIE FanN57971 N1 LLamwumﬁuﬁmaqLLNuﬁﬁsuawhmmﬁmummlmj
wazfanmUsEneudl nl

A13971 N1 LLamsuu’lmJaﬁﬂwmzmqmﬁjm‘wsuawhmmmmumﬂmyj

w15fnes YuIn (M?)
11939 (Runway, RWY) 3050 X 45
fufilaendosaumads (Runway Strip, RWY STRIP) 3290 X 300

NuiivaondeUatonei (Runway End Safety area, RESA) | 90 X 90

n1Imign (Stopway, SWY) 60 X 45




AERODROME GROUND
MOVEMENT CHART-ICAO

SONGKHLA / Hat Yai Intl

DIMENSIONS IN METRES

N

MAG VAR 017" W (2018)
ANNUAL CHANGE §1'E

SSR STATION

AOAD
PERIMETER ROAD

APRON ELEV APE 12675018
GND : 121.9,257.8
90 FT EMERGENCY : 121.5, 243.0
TIS : 128.8
USTOMS OFFICE
ROAD
- AOT OFFICE mm l
dwere Il -
MET RESIDENTIAL LD BUILDI T
5 o
AERDTHAI BUILDING ‘?ﬁ_v-"

T GAS STATION
= cARPRAK
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T TAMNK FARM
.—I'IRE EXCAVATION

B— GROUND SUPPORT EQUIFMENT STATION
m B FiRE & RESCLUE STATION

CARGD BUILDING A — TOWER AND AEROTHAI OFFICE

PASSENGER TERMINAL

DWORDME STATION

336 m Pl THA RV 08

ROAD

FERIMETER ROAD

RESASOx®) LS
e Manitor

HOLDING POSITION

fomanTENNA
oo
. °
ILS STATION
RESA 50 x50 o] ™y
AW
PERETER AGID RWY STRIP 3290 x 300
ROAD
PERIMETER ROAD
REMARKS
+ SITE OF ARP ; GENTRE LINE OF RUNWAY 1,600 m FROM THRESHOLD RUNWAY 08
TAXIWAY WIDTH - A 23 m. 5,00 26 m. E 30 m. F. 27 m. GH 24 m., TAXIWAY JK.LM FOR MILITARY USE
+ COMGRETE | ASPHALT SURFACE , PGN SRICIXT | PN SOFICHT
+ APROM SURFACE / STRENGTH : CONCRETE / PCH BIR/CHUT
LEGEND « AIRGRAFT STAND MR 1,8 FOR AGFT UF TO CODE G MAX WINGSFAN 28 m
AERODROME REFERENCE POINT |$:j L;z _@_ = AIRCRAFT STANDMR 2, 3,4, 7,8 FOR ACFT UP TO CODE C MAX WINGSPAN <38 m
EUILDING OF LARGE STRUCTURE = « MIRCAAFT STAND MR § FOR ACFT UP TO CODE E MAX WINGSPAN <85 m,
e —— + AIRCRAFT STAND MR 6 FOR ACFT UP TO CODE E MAX WINGSPAN 64 m.
TP —————— + « IRCRAFT STAND MR 4.5 and & PASSENGER-LOADING ERIDGEES AND VDGS AVAILABLE

» TAXIWAY A AND J NOT AVAILABLE WHEN AIRCRAFT WITH CODE LETTER €, D OR E TAKE-OFF OR LANDING , DUE TO THE DISTANCE BETWEEN

THE RUNWAY CENTRE LINE AND THE TAXIWAY CENTRE LINES ARE LESS THAN MINIMUM REQUIRED

* TAXILANE N NOT AVIALABLE FOR AIRCRAFT COOE E TAXI BEHIND AIRGRAFT STAND NR 5,6 WHEN AIRCRAFT CODE E PARKED AT STAND NR 54

Slation
L]

RTAF APRON

(73 m FM THR: R 36)

PERIMETER ROAD

SCALE 1:10000
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1.2 sudsunsdnn1s3UuULYasaINIABTU

1.2.1 11m51§1un150u ICAO [22], [23]

[y

lun1svudemiseinany duiisnuidnifmduguasunistuielilyluiwimig
= Y = Y = o A a wa = - °
Wedtunasgusaiu lnginilanindaieuazUfiinungseidsulazuuiniei ICAO ivun

171CAO Ao 93AnINITDUNALTDUIEIINUSEIVA (International Civil Aviation organization) 4

[y

< ' ' o a v a v A
Junigauseninadseme Anduguaninsgiunsdulussauuiunid wiiives ICAO Ao
YAUUNITIUEL TWw nsrudainiseniasernitalsemaiioliinanudulaluanudasnde

vunaansaigivlnegesstiedlunisaudiniseinie Ty ICAO ladnviuinsgiusas

a wva o

g o [ o a ! o

AuuglunsuuRdmsunsinistusenineUsemea luguuuuvesnianuin laediduiu 19
ANANWIN N3871L38n77 Annex il nUssinaiiduaunBnaes ICAO Wy foUuRTiidu
1nsgIuAeniu Uszneulualeninuuiniie 19 aranuan laglu Annex 14: Aerodromes —

9 Mgy uinesguiiesdesiuiuiivessiniaeiu dmsuldlunisszysundsiiuiilunis

YY)

AnflasEuLLIANnTIRTuTnguUanyasy Feainngseideutedsduves ICAO Annex 14 na1371

[
&

“4’4’ a a < A & v a v A a A o A P
TUHITBINICI UNNBNEY a118RINIAEIN wasiuNiILAes dzdesliliiy vsedngaus o3
ADLNAANULALMUADLATIAS19AT BIUUNS BLAS DIUUANS BV IATLUUNITNIUVD AT 89T

= ”»
L@y

= v

Ardwiinlddeunuuinsngiunstu daeil

939 (Runway) visngadn Wunguavdeuyuainimuualilueinaeiu Fednld dmsunis

JUTULArUUaIY9DINIFALIUY

1% '
=

NunUasnisuarenieis (Runway End Safety Area, RESA) #18A114771 NUNTI@UNIATIUTOU

v ¥
LY

Y = a A 1a = < A o a = avyy A
LLU’JLﬁ‘UﬂQﬂﬁ’]\‘ﬁ/ﬂﬂ'}\‘1'1/|G]E)EUEJ'WEJE]@ﬂVLTJLLazaéJJ@@ﬂ‘U%@au’q@WumUa@ﬂﬂﬂ FRUNNIN "YNQJ"L'JLWE]

9

a

TR UsEaIA ANl UNITANAINLE 89T 8L AAIUE ENIBRN BINTABIY N1AINDUTINIII

(undershooting ) %3939@NUBNNINI (overrunning )
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[

HunUaandesounIeia (Runway strip) Mingaud1 NuniAmualigesinimiaduasnimen

(@15) NA1UAlIie 1. anANULEEIILLAAAULASNIEWLADINIABIUNIIDDNUDNNINIG LAY

[
=1

2. Jaafuemimguitiuegmilefiuiidsnaiseninansuiinstuiunsenisiuas

¥ ' ' ' v
ot a a I Ia

Mangn (Stop way) gL Nunguawdsuyuanidmualivuiuiu Tegusiugadugn

Y 9 Y 9 9

=

S28ENIVRINIIR b UsENAl DS s e s aNFInSURINIAEIWITUURY e TuTU ANl

= = v 4 & A A v ~ A a a X
#1391 Fawseuliveduiunnmunganlunisiveineeiunen lunsaiienidnnisdudu
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= =

funUaendafinyine (Clearway) vineaiuin fungudmvdeuyuainiidvuall vuituauvsedy
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&

wnegldnismivauvesdvemselaniuniseiniaey Judenvsawmseuld wedunuid

wingaudmsvenAsunionwinslassiuilewuludinnugauamenieiuiiamnand

[ Y

nauANndte (Frangible object) nuneA11dd TngndudaluBegnesnwuunlidng fanis
waniin dnve visetiangu LiegnnseunnuserulagoiniAe uwaInelviindunsy feanimelu
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9NN 1 U2ty
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= v Y a
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12
= ¥ =~ g

91117874 (aerodrome planning ) 141 fodtdonuazninualiasnaa oenu
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Y Y &

v Y v Yo Y a a 1
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ABIHBAAG DN UAITUINNFAVBIAINYTIINIIIB19BIVBIDINAEU (aeroplane
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reference field length ) IMN9IIUUABDITOITU AIIUYIINITIIO19D9UDIDINA
gIUAINITIANTS TENen1sHaITuAunsiadnauinuy ldlaldiWeuans

ANYIINIINDTY (actual runway length)
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d' v Y a A ) LY
A1 N2 TVAD199991NIASTUNUUTERA LAY

SHARAY | AUE1IMNITIIE19D B0 INAEIL
1 1oani1 800 m
2 800 mulU ustlidia 1,200 m
3 1,200 mAuly usilaidia 1,800 m
4 1,800 mauly

RUIA 3 ANWUZNNNIPATNYDIDINIALIY
d2uf 4 WunUaandusounieie (Runway Strips)

v a A A W a v v Y & A )
UD 133 V]'N'JQLLaSVHQVEJWIWG] YLYBUADNUNIINADIABUIDUAWWNUNUADANEY

FRUNINI

P & A ) a v i o a
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a LY

1) 60 m dmsumaiafidsasauiu 2, 3 ie 4

2) 60 m dmsumeisisiswasiandu 1 wasdumawuuduasioriostn
Usznaun1siu

3) 30 m dwsuneisisistasandy 1 wasBumdauuduadaglals

dl % a
LATDIAUTENBUAITUU
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9 135 Huiivasnfo5oUN193 989193 WUUNTTFULALYN P UULaUNST Ty
FovenglUneut Az U e dURINa1ITI AL LEUR AN N TIaT]
savgngeanlunasnanuevesiuiivasntesouniel st udussoznietg
tiow fuelud

LY

1) 140 m @ msumadaniswadnaudu 3 wse 4

2) 70 m @nsunsanilswasuaudu 1 vse 2
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99 136 NuNUasnnesounINwasmBuuivadaelildnsasinusenaunis
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1.2.2 ngsileunu FAA [24]

ngszideatededu NgIANgIesdinaYIg MsensneaseiegseueINAY1Y
azdeaduluanu FAA 91n Title 14 : Aeronautics and Space Chapter | > Part 77 > Subpart B

- Notice Requirements > § 77.9 - Construction or alteration requiring notice.
YOMUUATOL 77.9 - Construction or alteration requiring notice.

N158ULTBIIV0RYYIA NINATFIN0aTe vTonsdsuudaslag MiinTu
nsiAagvinn1sneaste wsen1sidsunasussianlag Ay a8iesinnsduliecudene

MUY FAA

If requested by the FAA, or if you propose any of the following types of

construction or alteration, you must file notice with the FAA of:

a) Any construction or alteration that is more than 200 ft. AGL at its site.
b) Any construction or alteration that exceeds an imaginary surface extending outward
and upward at any of the following slopes:
1) 100 to 1 for a horizontal distance of 20,000 ft. from the nearest point of the
nearest runway of each airport described in paragraph (d) of this section with its

longest runway more than 3,200 ft. in actual length, excluding heliports.

(2) 50 to 1 for a horizontal distance of 10,000 ft. from the nearest point of the
nearest runway of each airport described in paragraph (d) of this section with its

longest runway no more than 3,200 ft. in actual length, excluding heliports.

(3) 25 to 1 for a horizontal distance of 5,000 ft. from the nearest point of the
nearest landing and takeoff area of each heliport described in paragraph (d) of this

section.
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c) Any highway, railroad, or other traverse way for mobile objects, of a height which, if
adjusted upward 17 feet for an Interstate Highway that is part of the National System of
Military and Interstate Highways where overcrossings are designed for a minimum of 17
feet vertical distance, 15 feet for any other public roadway, 10 feet or the height of the
highest mobile object that would normally traverse the road, whichever is greater, for a
private road, 23 feet for a railroad, and for a waterway or any other traverse way not
previously mentioned, an amount equal to the height of the highest mobile object that
would normally traverse it, would exceed a standard of paragraph (a) or (b) of this section.

d) Any construction or alteration on any of the following airports and heliports:

1) A public use airport listed in the Airport/Facility Directory, Alaska Supplement,
or Pacific Chart Supplement of the U.S. Government Flight Information

Publications.

2) A military airport under construction, or an airport under construction that will

be available for public use;3) An airport operated by a Federal agency or the DOD.

3) An airport or heliport with at least one FAA-approved instrument approach

procedure.
e) You do not need to file notice for construction or alteration of:

1) Any object that will be shielded by existing structures of a permanent and
substantial nature or by natural terrain or topographic features of equal or greater
height and will be located in the congested area of a city, town, or settlement

where the shielded structure will not adversely affect safety in air navigation.

2) Any air navigation facility, airport visual approach or landing aid, aircraft arresting

device, or meteorological device meeting FAA-approved siting criteria or an
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appropriate military service siting criterion on military airports, the location and

height of which are fixed by its functional purpose.

3) Any construction or alteration for which notice is required by any other FAA

regulation.

4) Any antenna structure of 20 feet or less in height, except one that would

increase the height of another antenna structure.
1.2.3 pduanuaIngnlnieluainiaeiu [21]

audngnldanuneglueinieey dmsuldnulunmsdearsagluainimeiy uagdmsu
N5 (Navigation) wagn1siuasuesennidey (landing) LARIAIAITIN N3 LAy A15197 N

4 PUANU

- ‘:1' dadgve o = ' 1
#1399 N3 ﬂaummaﬂﬁummumiaamﬂmmmmﬂmummi‘my

Service designation Call sign Frequency | Hours of operation

126.7 MHZ

APP Hat Yai Approach H24
301.5 MHZ
118.1 MHZ
121.5* MHZ

TWR Hat Yai Tower Hz24
275.8 MHZ
243.0* MHZ
121.9 MHZ

GND Hat Yai Ground H24
257.8 MHZ

ATIS Hat Yai Intl. Airport | 128.8 MHZ H24

M6 * Aa Emergency Frequency
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Type of aid, MAG VAR
ID | Frequency | Hours of operation
CAT of ILS/MLS
115.3 MHZ
DVOR/DME HTY H24
CH100X
ILS CAT | 109.9 MHZ
LOC/DME HTY CH36X H24
RWY 26
GP IHTY | 333.8 MHZ H24
115.70 MHZ
TACAN HTY 23.00-11.00 Daily
CH104X
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Design and Parametric Study of a Suspended

Abstract— In this paper, a suspended conformal patch
antenna (SCPA) is presented for improving the radiation
pattern and gain of the phased antenna array. The antenna
structure is designed by using a rectangular patch operating at
2.45 GHz. The combination of FR4 substrate and air-gap is used
to enhance the antenna gain with the compact size. The
simulation of the antenna was done based on CST Microwave
Studio 2021. The parametric study of the proposed antenna such
as reflection coefficient, radiation pattern, and gain with various
radii of curvatures are also demonstrated. The simulated and
measured results of the proposed antenna are also compared
with a suspended planar patch antenna (SPPA). The results
show that the antenna beamwidth increases with decreasing the
radius of curvature. The single patch of SCPA purposes to
obtain the unidirectional pattern and wide-beamwidth antenna,
which is appropriate for a constant-gain phased antenna array.

Keywords— patch antenna, suspended antenna, conformal
antenna, antenna beamwidth, array antenna

I. INTRODUCTION

An antenna array is one type of antenna that is widely
used in wireless communication systems. This antenna is a
combination of multielement or array. The array can enhance
gain without increasing the electrical antenna size. The
radiation pattern of the array is determined by the vector
addition of the fields radiated by the individual element [1],
or the multiples of element factor and array factor. The
element factor is the radiation of a single element in the
arrays. The array factor is calculated based on the array
geometries such as phase, amplitude, and spacing between
the elements. In addition, the antenna array controls the
direction without moving the antenna by feeding the phased
to each element. In general, the linear planar antenna array
that feeds the same amplitude and phase of each element. For
a narrow-beamwidth antenna element, the radiation pattern
has a beam pointing error and the gain will decrease when
switching the direction near the horizon direction [2].
Therefore, a wide-beamwidth antenna element can decrease
beam pointing error and yield the constant gain of the array
when pointing in the prescribed direction. The conformal
patch antenna that conforms on the curved surface which has
a wider beamwidth than the conventional patch antenna [3].
The suspended structure is capable to improve the gain and
impedance bandwidth of the patch antenna by inserting the
air gap between the substrate and ground plane [4],[5].

This paper proposes to design a single element of antenna
array which is a suspended conformal patch antenna (SCPA).
This antenna is capable to design a high gain and wide
beamwidth which depends on the radius of curvature of the
patch antenna. The antenna array, which each element has a
wide beamwidth, can reduce the beam pointing error and has
a constant-gain when steering the direction from broadsight.
Antenna design and structure of a single patch is present in
Section II. Section III presents the results of simulation and

measurement of a single patch antenna. The simulated result
of antenna array is shown in Section I'V.

II. ANTENNA DESIGN AND STRUCTURE

This section presents the antenna design and structure of
a single patch antenna, which is an SCPA and an SPPA. A
rectangular conducting patch of length L and width W is fed
by microstrip line as shown in Fig. 1. The width of microstrip
feeding line is W.. The inset feed point where the impedance
matching is y,. The ground length and ground width are L
and W,, respectively. The radius of curvature of the
conformal patch antenna is R. A substrate material is made
from an FR-4 which has a dielectric constant of 4.3 and a loss
tangent of 0.025 with a thickness of 0.2 mm. An air-gap
between the FR4 substrate and the ground plane is used to
achieve a high gain antenna and wider impedance bandwidth.

Wy

&2, tand;

€1, tand,

S>>
hy hy

(b) (c)

Fig. 1 The structure of the proposed antenna: (a) Perspective view
(b) Top view and (c) Front view

The structural parameters of the proposed antenna can be
calculated as follows [1]. The equivalent dielectric constant,
Ereq» Of the two-layer substrate is calculated by (1)

e _ eragra(hathy) (1)
req er1ha+erahy

where &,, and ¢, are the dielectric constant of material 1 and
material 2, respectively. h; and h, are the height of material
1 and material 2, respectively.

The width of the patch can be calculated as the equation:



Wi(2

2fc \&req+1

>1/2’ (2)

where c is the velocity of light, f. is the operating frequency
of antenna.

The effective dielectric constant is given by
1 -1 1/2
Erepr = T+ T (14 120) 7 3)

The length of the patch can be calculated as the equation:

c

L= ZfC\/TT - ZAL, (4)
where
(ererr+03)(5+0.264)
AL = 0.412h %)

(ererr—0.258)(+0.08)|’

and AL is the extended incremental length of the patch and 4
is the height of the substrate. The inset feed point and the
width of microstrip feeding line are calculated from [1].

Table 1 shows the parameters of the antenna from
theoretical and optimized values. For all antenna structures
(SCPA and SPPA), we use the same dimensions. The
simulation of the antenna was done using CST Microwave
Studio. The patch layer is a copper sheet with a thickness of
0.035 mm. The ground plane is a copper sheet metal with a
thickness of 0.3 mm. The air-gap separates the FR4-substrate
and ground plane with a 3D printing with PLA material that
has a dielectric constant of 2.54 and a dielectric loss tangent
0f 0.007 [6]. The 3D printing structure for supporting the air-
gap is placed around the antenna which is designed to
minimize the effect on antenna efficiency. Some antenna
parameters after optimization, which are the width and length
of the patch and the inset feed point, are changed according
to impedance matching.

TABLE 1. THE PARAMETERS OF THE PROPOSED ANTENNA FROM
THEORETICAL AND OPTIMIZED VALUES
Parameters Theoretical value (mm) Optimized value (mm)
L 55.48 54
w 60.43 51
Yo 13.13 8
h, 0.2 0.2
hy 3 3
74 4 4
A 90 90
Ly 110 110

III. SINGLE PATCH ANTENNA
This section presents the simulated and measured results
of the SCPA, which compares the SPPA.
A. Antenna Prototype

From the dimension of the single patch antennas after
optimization in Table I, the prototypes of all structures are
fabricated and measured to verify the simulation at the

frequency of 2.45GHz. The antenna prototypes, which are the
SPPA and SCPA with various radii of curvatures of 30, 45,
and 60 mm, are shown in Fig. 2. The measured results, such
as the reflection coefficient, radiation pattern, and gain, were
done with a Network analyzer.

PR ST ot

Fig. 2 The antenna prototype: (a) SPPA (b) SCPA, R = 60 mm
(c) SCPA, R =45 mm and (d) SCPA, R =30 mm.

B. Reflection Coefficient

The simulated results of reflection coefficient of the
SPPA and SCPA with various radii of curvatures of 30, 45,
and 60 mm are shown in Fig 3. From the results, it is
obviously that the SPPA provides a good impedance
matching than the SCPA. The resonant frequency decreases
when the decrease of radius of curvatures. However, the
simulated results of all the structures are lower than -10 dB,
which are operating in frequency band of 2.405-2.485 GHz.

Fig. 4 shows the measured results of the reflection
coefficient of the SCPA and SPPA. It is observed that the
measured results are in good agreement with the simulated
results. However, the simulated results of the reflection
coefficient are better than the measurement results.

—6— Planar
a5t ——R =60 mm. | |
R =45 mm.
—&— R =30 mm.
40 . | . . L
2300 2350 2400 2450 2500 2550 2600

Frequency (MHz)

Fig. 3 The simulated result of the reflection coefficient pattern of the single
patch antenna

—O— Planar
35 F —h—R=60mm. | |
R=45mm.
—&— R=30 mm.
40 | I L L L
2300 2350 2400 2450 2500 2550 2600

Frequency (MHz)

Fig. 4 The measured result of the reflection coefficient pattern of
the single patch antenna



C. Radiation Pattern

The simulated results of radiation pattern of the single
patch antenna in the H- and E-plane are shown in Fig. 5. The
results indicate that the antenna beamwidth of the SPPA was
narrow than the SCPA. Especially in the H-plane, the
beamwidth increases when decreasing the radius of
curvature. Whereas in the E-plane, the beamwidth tends to
remain constant as the radius of curvature decreases. From
the results, it is obviously that the measured results have good
agreement with the simulated results in both the H- and E-
planes as shown in Fig. 6. The comparison of the measured
and simulated results is shown in Table II. The antenna gain
tends to decrease with the radius of curvature decreases.
However, the wider beamwidth is suitable for the antenna
array.
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120

210 150 210 150
180 180

Planar R =45 mm.
----- R=60 mm, s R =30 mm.

(a) H-plane (xz-plane, ¢=0deg)

(b) E-plane (yz-plane, $=90deg)

Fig. 5 The simulated result of the radiation pattern of
the single patch antenna at 2.45 GHz

0
T e, 30
S

300

270

240 &'Q‘/"y!

210 150 210 150
180 180

120

Planar R=45mm.
_____ R =60 mm. - R =30 mm.

(a) H-plane (xz-plane, ¢=0deg)

Planar R =45 mm.
_____ R=60mm. * R=30mm.

(b) E-plane (yz-plane, $=90deg)

Fig. 6 The measured result of the radiation pattern of
the single patch antenna at 2.45 GHz

TABLE II. THE SIMULATED AND MEASURED RESULTS OF MAXIMUM GAIN
AND BEAMWIDTH OF SINGLE PATCH ANNTENA AT 2.45 GHZ

H-plane (deg) | E-plane (deg) Gain (dBi)
Antenna
Sim. Meas. Sim. Meas. | Sim. | Meas.
Planar 64 60 62 62 8.88 8.51
R =60 mm 74.6 75 67 65 8.41 7.86

R=45mm | 79.2 80 69.2 65 799 | 7.56

R=30mm 89.7 85 69.9 60 737 | 741

IV. ANTENNA ARRAY

This section presents the simulation results of the planar
phased antenna array. The antenna arrays with 4 element
rectangular patches are shown in Fig. 7. The element of
antenna arrays, such as the SPPA and SCPA with various
radii of curvatures of 30, 45, and 60 mm, are simulated and
compared on the beam direction and the antenna gain in

different direction of phased antenna array. The separation
between the element is d.

(b) the SCPA (60mm)-planar phased antenna array

(d) the SCPA (30mm)-planar phased antenna array

Fig. 7 The antenna models in the simulator program

The simulated results of antenna array are shown in Fig.
8. In this paper, we use the separation between the element of
0.6 wavelength in free space. The results show the radiation
pattern of phased antenna array in the beam direction of 0, 15,
30 and 45 degrees. Fig. 8 compares the normalized gain at 0
degree of the SPPA- and SCPA-planar phased antenna array
with various radii of curvatures of 30, 45 and 60 mm. From
the simulated results can be summarized as shown in Table
1T and Table IV.
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(a) SPPA planar-array and SCPA planar-array (R = 60 mm)
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45 degrees. It is found that the maximum of the gain different
of the SCPA-planar phased antenna array is clearly better
than the SPPA-planar phased antenna array. The maximum
gain different of the SCPA(30 mm)- and SPPA- planar
phased antenna array are 0.8 and 2.3 dB, respectively. Thus,
the SCPA is appropriated for a constant-gain phased array
antenna application.

TABLE IV. THE SIMULATION OF GAIN IN DIFFERENT DIRECTION
Gain at 2.45 GHz (dBi) max. AG

Antenna
0 (deg) 15 (deg) 30 (deg) 45 (deg) (dB)
Planar 12.6 12.4 11.6 10.3 2.3
R =60 mm 12.9 12.8 12.5 11.7 1.2
R=45mm 12.5 12.4 12.3 11.6 0.9
R=30mm 12.4 12.4 12.3 11.6 0.8

Theta(deg)

(c) SPPA planar-array and SCPA planar-array (R=30 mm)

Fig. 8 The simulated results of the normalized gain at 0 degree of the
SPPA- and SCPA-planar array in the different direction
(xz-plane, ¢ = 0 deg)

The comparison of the beam direction when switching in
the direction of 0, 15, 30, and 45 degrees is shown in Table
III. The results show that the main beam direction of the
planar phased antenna array has a lot of beam pointing errors
from the theoretical value, especially at the rising angle
directions from boresight (0 degree). Because the radiation of
a single patch has a narrow beamwidth. The beam pointing
errors of the SCPA-planar phased antenna array is slightly
better than the SPPA-planar phased antenna array.

TABLE III. THE SIMULATION OF BEAM DIRECTION
Beam direction
Antenna
0 (deg) 15 (deg) 30 (deg) 45 (deg)
Planar 0 11 22 34
R =60 mm 0 11 23 34
R =45 mm 0 11 23 34
R =30 mm 0 12 23 35

Table IV compares the antenna gain beam when
switching in the direction of 0, 15, 30, and 45 degrees. The
results show that the antenna gain decreases when the beam
direction increases. The maximum gain different (AG) is the
different of antenna gain between the beam direction of 0 and

V. CONCLUSION

The suspended conformal patch antenna (SCPA) for
improving a constant-gain phased array antenna was
proposed in this paper. The proposed antenna has been
developed using a rectangular patch with FR-4 substrate and
air-gap operating at 2.45 GHz. The simulated and measured
results were also demonstrated and compared with the
suspended planar patch antenna (SPPA). The results show
that the antenna beamwidth increases with decreasing the
radius of curvature. The measured results are in good
agreement with the simulated results. The proposed antenna
is very useful to achieve the unidirectional pattern and wide-
beamwidth antenna for a constant-gain phased array antenna
application.
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ABSTRACT

In this paper, a suspended conformal patch antenna (SCPA) for improving a constant-gain planar phased
antenna array when switching the main beam direction to the desired direction is presented. The beam-
switching antenna array is proposed in 4 main beam directions of 0, 15, 30, and 45 degrees. The proposed
antenna array is composed of 4 SCPA elements operating at 2.45 GHz. The SCPA consists of an FR-4 substrate
and an air gap between the radiator patch and the ground plane. The suspended patch antenna with the
conformal patch antenna is used for improving the gain and beamwidth of antenna. The simulation was done
using CST Microwave Studio 2021. The comparison results between the SCPA and a suspended planar patch
antenna (SPPA) are illustrated with the antenna characteristics such as S-parameters and radiation patterns.
The proposed antenna array prototype has been fabricated with SCPA of R = 30 mm. The measured results
of the antenna characteristics are demonstrated and compared with the simulated results. The measured gain
difference between the desired beam directions of 0 and 45 degrees is 2.72 dB. Consequently, the SCPA is

very useful for the application in a constant-gain beam-switching phased antenna array.

1. Introduction

Nowadays, phased array antennas are widely used to increase per-
formance and efficiency for data transmission rates [1,2]. Phased array
antennas can be pointed in specific directions by using the switched-
beam or steerable-beam antennas [3]. Beam-switching antennas have
been applied in modern wireless communication such as an unmanned
aerial vehicles (UAV) [4], radar [5], satellite communications [6,7],
mobile communications [2], base station antenna applications [8], etc.

Beam-switching antennas have the benefit of high transmission
gain, which significantly improves coverage and lowers multipath inter-
ference [2,8-10]. The advantage of these antennas is a less complicated
feeding network, such as RF phase shifter [11], Butler matrices [12],
and Blass matrices [13].

Theoretically, the total field of the antenna array is equal to the
product of the field of a single element and the array factor [14]. The
array factor is calculated based on the array geometries such as phase,
amplitude, and spacing between the elements. In addition, the antenna
array controls the direction without moving the antenna by feeding the
phase to each element.

Traditionally, the linear antenna array feeds the same amplitude
and dynamically adjusts the phase of each element. For the phased
antenna arrays with narrow-beamwidth antenna elements, the radia-
tion pattern has a beam-pointing error and the gain will decrease when
switching the main beam direction near the horizon direction [15].
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Many researches on beam-switching planar antenna arrays have
been reported in the literature [11,12,16-23]. The switched-beam an-
tenna array with butler matrix network was presented in [16,17].
These works used the patch antenna elements and switched four beam
directions. A microstrip phased array antenna with a switched line base
shifter was proposed in [11]. A beam-switching butler matrix using
the planar monopole with reflector antennas was introduced in [12],
where the radiation pattern is demonstrated in a switching 8-way Butler
matrix with 8 beam directions. In [18], an 8-element planar antenna
array with electronically controlled switches was proposed. This an-
tenna provided beam steering in azimuth and elevation planes. An
electronically reconfigurable microstrip antenna with steerable beams
was presented in [20], in which the structure consists of a feeding
network loaded with pin diodes and an array of two patches. It can
produce five beam directions with five phase differences. A planar
4-bit reconfigurable antenna array based on a digital coding radia-
tion element and the design philosophy of information metasurfaces
was proposed in [21], where the result of the radiation pattern was
demonstrated with the scanning beams of 5 directions. A switched-
beam antenna based on a five-by-five slot antenna array was introduced
in [22]. This antenna array provided a total of 25 fixed beams which
can be selected to scan in both theta and phi directions. In [23], A
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Fig. 1. The structure of the proposed antenna.

beam-switching tapered slot antenna array was proposed. This antenna
has 5 main beam directions with peak gains varying from 3.5 dBi to
7 dBi. However, these designs are not able to achieve a constant gain
when switching the main beam in different directions, especially the
beam direction near the horizon direction. Since the antenna element
was a narrow beamwidth when compared with the isotropic antenna
element. The antenna element should be provided with a unidirectional
and hemispherical radiation pattern. Therefore, for these reasons, a
wide-beamwidth antenna element can decrease beam pointing error
and yield the constant gain of the array when switching the beam
directions.

Conformal antenna is one of the antennas that conform the antenna
structure to the surface of a prescribed shape [24] such as cylindri-
cal [25-29], elliptical [30], spherical [31], and conical shapes [32].
The conformal microstrip antennas were proposed in [33]. The effects
of curvature radius on radiation patterns was investigated, which the
beamwidth increases when decreasing the radius of curvature. Al-
though this antenna provides a wide beamwidth, on the other hand,
it is suitable for designing the antenna array.

Typically, conventional patch antennas using FR-4 substrate has a
low efficiency. The suspended structures were proposed to provide the
high performance [34-36]. These structures are capable to improve the
gain and impedance bandwidth of the patch antenna by inserting the
air gap between the substrate and ground plane.

In this paper, the design of a planar phased antenna array using 4-
elements of the rectangular patch with a suspended conformal patch
antenna (SCPA) is proposed. By combining the advantages of the
conformal and suspended structures, an SCPA is capable to design
a high gain and wide beamwidth which depends on the radius of
curvature of the patch antenna. Therefore, if each element has a wide
beamwidth, the antenna array can reduce the beam pointing error
and has a constant gain when switching the direction from boresight.
The antenna characteristics of the SCPA are also compared with a
conventional patch antenna, which is a suspended planar patch antenna
(SPPA). The antenna design and structure of a single patch antenna are
presented in Section 2. Section 3 presents the simulated and measured
results of a single patch antenna. Finally, the simulated and measured
results of the antenna array are shown and discussed in Section 4.

2. Antenna design and structure

This section presents the antenna design and structure of a single
patch antenna, which is an SCPA and an SPPA. A rectangular con-
ducting patch of length L and width W is fed by microstrip line as
shown in Fig. 1. The width of microstrip feeding line is W,. The inset
feed point where the impedance matching is y,. The ground length and
ground width are L, and W,, respectively. The radius of curvature of

Table 1
The parameters of the proposed antenna from theoretical and optimized
values.
Parameters Theoretical value (mm) Optimized value (mm)
L 55.48 54
w 60.43 51
Yo 13.13 8
hy 0.2 0.2
hy 3 3
W, 4 4
W, 90 90
L 110 110

8

the conformal patch antenna is R. A substrate material is made from an
FR-4 which has a dielectric constant of 4.3 and a loss tangent of 0.025
with a thickness of 0.2 mm. An air-gap between the FR-4 substrate and
the ground plane is used to achieve a high gain antenna and wider
impedance bandwidth.

The structural parameters of the proposed antenna can be calcu-

lated as follows [14,35]. The equivalent dielectric constant, £req of the
two-layered substrate is calculated by (1)

€160 (A + hy
Erog = # 6h)

Erhy + €00y

where ¢,, and ¢,, are the dielectric constant of material 1 and material
2, respectively. 4, and h, are the height of material 1 and material 2,
respectively. The width of the patch can be calculated as the equation:

1/2
w=-"- < 2 ) ®))
2fc \€reqgt1

where ¢ is the velocity in free space, f, is the operating frequency of
antenna. The effective dielectric constant is given by

-1/2
Ereq -1 h
— (1 12—)
* 2 ( * w 3

The length of the patch can be calculated as the equation:

 Epeqt 1
Ereff = 75

L=—2F __ _2AL 4

2fc\/greff

Where

(Erery +03)(5 +0.264)

AL =0.412h )

(Erery —0258)(5 +0.8)

and AL is the extended incremental length of the patch and 4 is the
total thickness of the two-layered substrate. The inset feed point and
the width of microstrip feeding line are calculated from [14].
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Fig. 2. The antenna prototypes: (a) SPPA (b) SCPA, R =60 mm (c) SCPA, R =45 mm and (d) SCPA, R =30 mm.
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Fig. 3. The simulated reflection coefficient results of the single patch antenna.

Table 1 shows the parameters of the antenna from theoretical and
optimized values. For all antenna structures (SCPA and SPPA), we
use the same dimensions operating at 2.45 GHz. The radii of antenna
curvature R various from 60, 45 and 30 mm. The simulation of the
antenna was done using CST Microwave Studio. The patch layer is a
copper sheet with a thickness of 0.035 mm. The ground plane is a
copper sheet metal with a thickness of 0.3 mm. The air-gap separates
the FR4-substrate and the ground plane with a 3D printing with PLA
material that has a dielectric constant of 2.54 and a dielectric loss
tangent of 0.007 [39]. The 3D printing structure for supporting the
air-gap is placed around the antenna which is designed to minimize
the effect on antenna performance. Some antenna parameters after
optimization, which are the width and length of the patch and the inset
feed point, are changed according to impedance matching.

3. Single patch antenna

This section presents the simulated and measured results of the
SCPA, which compares the SPPA.

3.1. Antenna prototype

From the dimensions of the single patch antennas after optimiza-
tion in Table 1, the prototypes of all structures were fabricated and
measured to verify the simulation at the frequency of 2.45 GHz. The
antenna prototypes, which are the SPPA and SCPA with various radii
of curvatures of 30, 45, and 60 mm, are shown in Fig. 2. The measured
results, such as the reflection coefficient, radiation pattern, and gain,
were done with the Network analyzer.

2
)
—
-
17}
25 F ]
230 F ]
—©— Planar
35| —#—R=60mm | |
R=45mm
—O— R=30mm
40 | | | | |
2.3 2.35 24 2.45 2.5 2.55 2.6

Frequency (GHz)

Fig. 4. The measured reflection coefficient results of the single patch antenna.

3.2. Reflection coefficient

The simulated results of reflection coefficient of the SPPA and SCPA
with various radii of curvatures of 30, 45, and 60 mm are shown in
Fig. 3. From the results, it is obvious that the SPPA provides a good
impedance matching than the SCPA. The resonant frequency decreases
with the decrease of radius of curvatures. However, the simulated
results of all the structures are lower than —10 dB in the operating
frequency band of 2.405-2.485 GHz.

Fig. 4 shows the measured reflection coefficient results of the SCPA
and SPPA. It is observed that the measured results are in good agree-
ment with the simulated results. However, the simulated results of the
reflection coefficient are better than the measurement results.

3.3. Radiation pattern

The simulated results of the radiation pattern of the single patch
antenna in both the H- and E-plane are shown in Fig. 5. The results
indicate that the antenna beamwidth of the SPPA was narrower than
the SCPA. Especially in the H-plane, the beamwidth increases when
decreasing the radius of curvature. Moreover, the radii less than 30 mm
have a wider beamwidth. However, it is difficult to fabricate due to the
special structural requirement for the suspended structure. Whereas in
the E-plane, the beamwidth tends to remain constant as the radius of
curvature decreases. From the results, it is obvious that the measured
results have good agreement with the simulated results in both the
H- and E-planes as shown in Fig. 6. The comparison of the measured
and simulated results is shown in Table 2. The antenna gain tends to
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Fig. 5. The simulated radiation pattern results of the single patch antenna at 2.45 GHz.
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Fig. 6. The measured radiation pattern results of the single patch antenna at 2.45 GHz.

decrease with the decrease of radius of curvature. However, the wider
beamwidth is suitable for the constant-gain beam-switching planar
phased antenna array.

4. Antenna array
4.1. Simulation
This section presents the simulated results of the planar phased

antenna array. The antenna arrays with 4-element rectangular patches
are shown in Fig. 7. The element of antenna arrays, such as the SPPA

and SCPA with various radii of curvatures of 30, 45, and 60 mm,
are simulated and compared on the beam peak and the desired beam
directions. The separation between the adjacent element is d.

Since the size of each element is large, it cannot be placed on an
array with a spacing of 0.504, where A, is the wavelength in free space.
Therefore, the spacing of each element without overlapping should be
greater than 0.604,,.

4.1.1. Radiation pattern
This part shows the simulated results of the directivity of the
planar phased antenna array with SPPA and SCPA (R = 30, 45, and
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3

(a) The SPPA-planar phased antenna array (b) The SCPA- planar phased antenna array (R = 60 mm)

J

(¢) The SCPA- planar phased antenna array (R = 45 mm) (d) The SCPA- planar phased antenna array (R = 30 mm)

Fig. 7. The antenna array models in the simulation program.
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Fig. 8. The simulated radiation patterns with the normalized directivity at O degrees in xz-plane.
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The simulated and measured results of maximum gain, beamwidth, and F/B ratio of single patch antennas at 2.45 GHz.

Antenna H-plane (deg) E-plane (deg) Gain (dBi) F/B Ratio (dB)
Sim. Meas. Sim. Meas. Sim. Meas. H-plane H-plane E-plane E-plane
Sim. Meas. Sim. Meas.
Planar 64.00 60.00 62.00 62.00 8.88 8.51 —21.00 -15.80 —25.90 -18.70
R =60 mm 74.60 75.00 67.00 65.00 8.41 7.86 -16.90 -17.40 -15.90 -14.70
R =45 mm 79.20 80.00 69.20 65.00 7.99 7.56 -17.70 -15.90 -14.80 -15.10
R =30 mm 89.70 85.00 69.90 65.00 7.37 7.41 —21.00 —-18.00 -12.00 -14.50
Table 3
The simulated directivity of the beam peak directions.
Spacing (d) Antenna Peak directivity at 2.45 GHz (dBi) AD,k
0 (deg) 15 (deg) 30 (deg) 45 (deg) (dB)
Planar (0 deg) 14.04 (11 deg) 13.87 (22 deg) 13.33 (34 deg) 12.11 1.93
0.60 1 R =60 mm (0 deg) 13.98 (11 deg) 13.81 (23 deg) 13.31 (34 deg) 12.25 1.73
R R =45 mm (0 deg) 13.93 (11 deg) 13.76 (23 deg) 13.27 (34 deg) 12.26 1.67
R =30 mm (0 deg) 13.79 (11 deg) 13.6 (23 deg) 13.13 (35 deg) 12.18 1.61
Planar (0 deg) 14.32 (10 deg) 14.15 (21 deg) 13.74 (32 deg) 12.66 1.66
0.65 4 R =60 mm (0 deg) 14.26 (10 deg) 14.09 (21 deg) 13.7 (32 deg) 12.65 1.61
A R =45 mm (0 deg) 14.21 (11 deg) 14.04 (21 deg) 13.65 (32 deg) 12.62 1.59
R =30 mm (0 deg) 14.07 (11 deg) 13.9 (21 deg) 13.49 (32 deg) 12.5 1.57
Planar (0 deg) 14.58 (10 deg) 14.44 (20 deg) 14.06 (29 deg) 12.91 1.67
0.70 4 R =60 mm (0 deg) 14.52 (10 deg) 14.38 (20 deg) 14.00 (29 deg) 12.87 1.65
: 0 R =45 mm (0 deg) 14.47 (10 deg) 14.33 (20 deg) 13.95 (30 deg) 12.84 1.63
R =30 mm (0 deg) 14.32 (10 deg) 14.17 (20 deg) 13.78 (30 deg) 12.71 1.61
Planar (0 deg) 14.82 (9 deg) 14.72 (18 deg) 14.28 (28 deg) 13.05 1.77
0.75 4 R =60 mm (0 deg) 14.76 (9 deg) 14.65 (18 deg) 14.22 (28 deg) 13.02 1.74
R =45 mm (0 deg) 14.71 (9 deg) 14.59 (18 deg) 14.17 (28 deg) 12.98 1.73
R =30 mm (0 deg) 14.55 (9 deg) 14.42 (18 deg) 13.99 (28 deg) 12.87 1.68
Table 4
The simulated directivity of the desired beam directions.
Spacing (d) Antenna Directivity at 2.45 GHz (dBi) AD oived
0 (deg) 15 (deg) 30 (deg) 45 (deg) (dB)
Planar 14.04 13.51 12.05 9.84 4.20
0.60 A R =60 mm 13.98 13.46 12.11 10.06 3.92
e R =45 mm 13.93 13.42 12.12 10.16 3.77
R =30 mm 13.78 13.29 12.06 10.22 3.56
Planar 14.32 13.55 11.67 8.91 5.41
0.65 4 R =60 mm 14.26 13.52 11.67 8.89 5.37
’ 0 R =45 mm 14.21 13.49 11.67 8.93 5.28
R =30 mm 14.07 13.36 11.59 8.97 5.10
Planar 14.58 13.56 10.83 6.91 7.67
0.70 4 R =60 mm 14.52 13.52 10.8 6.84 7.68
e R =45 mm 14.47 13.48 10.79 6.87 7.60
R =30 mm 14.32 13.35 10.72 6.92 7.40
Planar 14.82 13.46 9.46 3.83 10.99
075 A R =60 mm 14.76 13.42 9.43 3.75 11.01
’ 0 R =45 mm 14.71 13.38 9.43 3.79 10.92
R =30 mm 14.55 13.24 9.38 3.88 10.67

60 mm) when switching in the desired directions of 0, 15, 30, and 45
degrees and varying the spacing of each element from 0.604,, 0.654,
0.704, and 0.754. For the structure of the SPPA and SCPA array, we
used the same dimensions and vary only the radius of curvatures. We
consider the antenna directivity because of the antenna has not been
matched. Based on the antenna array design, we focus on the maximum
directivity difference at the desired beam (4D,,;.,) and beam peak
(4D ) directions. The maximum of AD ., is the antenna directivity
difference between the beam direction of O degrees and the desired
beam direction of 45 degrees. The maximum of 4D, is the antenna
directivity difference between the beam direction of 0 degrees and the
furthest beam peak direction.

The simulated results of the directivity at the beam peak direction
and the desired beam direction are shown in Table 3 and Table 4,
respectively.

It is observed that the antenna directivity of the planar array is
increased when increasing the spacing between the elements. However,

the results show that the radiation pattern has a higher beam pointing
error from the desired direction when increasing the spacing between
the elements. Moreover, the radiation pattern has a grating lobe (very
strong sidelobes). In addition, the maximum directivity difference in
both the beam peak and desired beam directions are increasing when
increasing the spacing of each element.

Therefore, the spacing of 0.604, is the best spacing for fabricating
an antenna array prototype. Because of this spacing does not overlap
between the elements and has a low grating lobe and low beam
pointing error.

Fig. 8 shows the radiation pattern in xz-plane and the comparison
of the normalized directivity at O degrees of the planar phased antenna
array with the SPPA and the SCPA (R = 30, 45, and 60 mm). The results
show that the main beam direction of the planar phased antenna array
with the SPPA and the SCPA has a lot of beam pointing errors from
the desired value because the antenna beamwidth of each element is
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Fig. 9. The comparison results of the simulated S-Parameter of the planar antenna array between SPPA and SCPA (R =30 mm).

Fig. 10. The planar antenna array with SCPA (R =30 mm) prototype.

narrower than that of the isotropic antenna. The beam pointing errors
of the SCPA-planar array is slightly better than the SPPA-planar array.
The AD,gireq and AD,,,. of the SCPA-planar array is clearly better than
the SPPA-planar array. The AD,,;..q Values of the SCPA (R = 30 mm)-
and SPPA-planar array are 3.56 and 4.20 dB, respectively. The 4D,
values of the SCPA (R = 30 mm)- and SPPA-planar array are 1.61
and 1.93 dB, respectively. Thus, the planar antenna array with SCPA
(R = 30 mm) is appropriated choice for a constant-gain phased array
antenna application. The SCPA-planar array has been fabricated and
measured, the details as shown in the following sections.

4.1.2. S-parameter

This section shows the simulated results of the S-parameters of the
planar phased antenna array with the SPPA and the SCPA (R = 30, 45,
and 60 mm). The spacing of each element is 0.64,. The summarized
results of the simulated S-parameters are shown in Table 5. Fig. 9 shows
the comparison results of the simulated S-parameters of the planar
antenna array between the SPPA and the SCPA (R = 30 mm). Since
the antenna array has a symmetric structure, the values of S11 and
S44 were similar, and the values of S22 and S33 were also similar. The
return loss of the SPPA-planar array has a better impedance matching
than the SCPA-planar array. The isolation of the SPPA-planar array has
higher isolation than the SCPA-planar array caused by the beamwidth

of an element of the SCPA-planar array being wider than the SPPA-
planar array. For all structures, the simulated results of the isolation
and the return loss at the operating frequency of 2.45 GHz are better
than 19 dB and 21 dB, respectively.

4.2. Antenna array prototype

The planar antenna array with SCPA (R = 30 mm) prototype is
fabricated as shown in Fig. 10. It is composed of 4 elements with a
spacing of 0.604,. The 3D-printing model is used for supporting the
suspended structure.

4.3. Measurement

This section shows the test setup and the results of the planar phased
antenna array with SCPA. The test setup is divided into three parts: 1.
return loss and isolation test of the antenna array prototype, 2. phase
angle difference test of the phase angle control system, and 3. radiation
pattern test of the antenna array prototype.

4.3.1. The return loss and isolation testing
The test setup for return loss and isolation of the planar phased
antenna array with SCPA is shown in Fig. 11, which consists of 1.
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Coaxial cable

Fig. 11. The S-Parameter of the proposed antenna array measurement setup.
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Fig. 12. The measurement results of the S-Parameter of the planar antenna array with SCPA (R =30 mm).

antenna prototype, 2. antenna mounting plate with adjustable distance
d between each antenna element, 3. antenna mounting pole, 4. coaxial
cable, 5. 50 Ohm terminator, and 6. Network analyzer. A terminated
load of 50 Ohm is required for all antenna elements. The testing results
of the S-Parameter of the array patch antenna are shown in Fig. 12. The
return loss is better than 15 dB at the designed 2.45 GHz frequency,

and the isolation between the antennas for each adjacent element is
less than —18 dB at the 2.45 GHz frequency as desired.

It is found that the measured S-parameter results are in good
agreement with the simulated results. However, the return loss of
each element is slightly different due to the manufacturing process
for fabricating the antenna prototype and the matching impedance.
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Phase angle difference test setup of the phase angle control system.

The simulated S-parameter of the planar antenna array with SPPA versus SCPA.

Antenna S-Parameter at 2.45 GHz (dB)
S11 S22 S33 S44 S21 $32 S43
Planar -30.27 -26.22 -26.22 -30.27 -21.23 -21.29 -21.18
R =60 mm -23.52 —-28.95 —-28.95 —23.52 -20.18 -20.13 -20.18
R =45 mm -23.28 -29.10 -29.10 -23.28 -19.90 -19.87 -19.89
R =30 mm -21.29 -26.77 -26.77 -21.29 -19.21 -19.23 -19.20
Table 6
The measured S-parameter results of the SCPA-planar phased antenna array (R = 30 mm).
S-Parameter at 2.45 GHz (dB)
S11 S22 S33 S44 S21 S32 S43
-14.76 -16.18 —25.26 -17.84 —20.04 -17.35 -17.87

Consequently, the impedance of each element is slightly different. The
measured S-parameters are shown in Table 6.

4.3.2. Phase angle difference test of the phase angle control system

To determine the radiation pattern and the beam direction of the
planar phased antenna array with SCPA, it is necessary to have a phase
angle control system that is capable of assigning phase shifts to each
antenna element to control the desired beam direction of the antenna
array to 0, 15, 30 and 45 degrees.

For this reason, a phase angle control system has been fabricated
that can configure phase shifts for each antenna element, consisting of
a 4-way power splitter and a digital tunable phase shifter. The phase
angle of the circuit can be controlled by the SPI control signal from the
microcontroller which can control the desired phase angle through the
serial monitor of the IDE Arduino program on the computer screen.

Fig. 13 shows the system setup used to test the phase angle dif-
ference and insertion loss occurring in the four-channel phase angle
control system, which is connected to the antenna arrays for each
element. The phase angle control system consists of 1. Phase angle
control system, 2. Coaxial cable, 3. 50 Ohm terminator, and 4. Network
Analyzer. The test results of phase angle shifts at 2.45 GHz on each
channel are shown in Table 7.

When the phase angle difference between the adjacent channels is
calculated for the beam direction angle of the antenna array, the maxi-
mum deviation of the angle relative to the desired beam direction angle
is 0.87 degrees. When the unused port was terminated with 50 Ohms
and each channel’s insertion loss was measured, it was approximately
12.9 dB + 0.3 dB, showing that each channel had a similar power
output. The sum of the insertion loss was obtained by the 4-way power
splitter and the digitally tunable phase shifter was 6.7 dB, and 6.2 dB
respectively. Therefore, this phase angle control system can be used
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Fig. 14. Radiation pattern measurement setup in an anechoic chamber.

Table 7
Phased angle difference and calculated beam direction angle of antenna array.

Desired beam direction angle
of antenna array (deg)

4-way power splitter and Phase shifters

Calculated direction
angle of antenna

Phase shift (deg) Calculated Phase difference (deg) array (deg)
PS1 Ps2 PS3 PS4 PS2-PS1 PS3-PS2 PS4-PS3
0 85 88.3 91.5 91.1 3.3 3.2 -0.4 0.68
-15 80.9 39.3 1.8 -55 —41.6 -37.5 -56.8 -15.10
-30 83.3 -1.6 -89.4 -178.9 -84.9 -87.8 -89.5 -29.13
—45 80.9 -50.2 174.1 30.5 -131.1 -135.7 -143.6 —45.60
15 —42.1 1.8 43.9 88.5 43.9 42.1 44.6 14.51
30 170.1 -96 5.2 86.7 93.9 101.2 81.5 30.73
45 42.9 176.2 —42.8 84.9 133.3 141 127.7 44.67

for further testing to measure the beam direction of the antenna array
prototype.

4.3.3. Radiation pattern of the antenna array prototype

After testing the phase angle control system, the radiation pattern of
the antenna prototype was measured. The measurement setup system
is shown in Fig. 14, which consists of 1. antenna array prototype, 2.
phase angle control system, 3. semi-anechoic chamber, 4. transmitting
antenna, 5. turntable, and 6. network analyzer. The testing distance
between the two antennas was 2.70 m under the far-field condition
(D far—fiela = 2.62 m) and without any device and access point that

10

utilized 2.4 GHz Wi-Fi. The resolution step of this measurement system
is 5 deg. The measurement of the radiation pattern was performed
by rotating the antenna array prototype and measuring the radiation
pattern of each beam direction through the control of the phase angle
for each antenna element.

The antenna array prototype is already tuned to obtain the impe-
dance matching at 2.45 GHz. Thus, we consider the antenna gain in
this section. Fig. 15 shows the measured results of normalized gain
with 0 degrees when switching the beam direction at 0, 15, 30, and
45 degrees by feeding the difference phased to each element. The
measured results are in good agreement with the simulated results at
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Fig. 15. The measured radiation pattern results of the planar antenna array with SCPA at 2.45 GHz.
Table 8
The simulated and measured results of gain and beam direction.
Parameters Beaml Beam2 Beam3 Beam4 AG (dB)
Sim. Gain at desired (0 deg) (15 deg) (30 deg) (45deg) 3.22
directions (dBi) 12.86 12.59 11.84 9.64
Meas. Gain at desired (0 deg) (15 deg) (30 deg) (45 deg) 2.72
directions (dBi) 11.83 11.25 10.94 9.11
Sim. Gain at beam (0 deg) (13 deg) (23 deg) (35 deg) 1.36
peak directions (dBi) 12.86 12.80 12.70 11.50
Meas. Gain at beam (0 deg) (13 deg) (25 deg) (35 deg) 1.77
peak directions (dBi) 11.83 11.48 11.41 10.06

the operating frequency of 2.45 GHz. The radiation patterns of each
beam direction are in the same trend as the simulation. The measured
gain did not include the insertion loss from phased shifter circuits of
6.2 dB. The simulated and measured gain of the desired beam and beam
peak directions are shown in Table 8. From the measured results, it is
obvious that the gain difference between the desired beam direction
of 0 and 45 degrees is 2.72 dB. The gain difference between the beam
direction of 0 degree and the furthest beam peak direction of 35 degrees
is 1.77 dB. The measured result is slightly better than the simulated
results. The results of the gain difference show that the planar antenna
array with the SCPA are better than the planar antenna array with the
SPPA. However, the beam peak directions of the planar antenna array
in both the SPPA and SCPA can switch the direction of the angle less
than the desired beam directions.

5. Conclusions

The design of SCPA for improving the constant-gain planar phased
array antenna when switching the main beam direction to the desired
direction was proposed in this paper. The beam-switching antenna
array was designed in 4 main beam directions of 0, 15, 30, and 45
degrees. The proposed antenna array consists of 4-elements of the
SCPA operating at 2.45 GHz. The SCPA has been developed using
a rectangular patch with a suspended structure to improve antenna
performance. It is composed of the FR-4 substrate and an air-gap
layer. The simulated and measured results of the single element of
SCPA were compared with the SPPA. The results show that the SCPA

11

antenna has a wider antenna beamwidth than the SPPA and beamwidth
increases with decreasing the radius of curvature. The SCPA is used
to investigate the planar phased antenna array with a separation of
0.604. It is also compared with the antenna array using the SPPA.
The simulated results show that the maximum directivity difference
at the desired beam directions of the antenna array with the SCPA
of R = 30 mm and the SPPA were 3.56 and 4.20 dB, respectively.
The proposed antenna array prototype was fabricated with SCPA of
R = 30 mm. The measured results of the radiation pattern were
demonstrated and compared with the simulated results. The measured
gain of the proposed antenna array at the desired beam directions of
0, 15, 30, and 45 degrees (not including the insertion loss of phased
shifter circuits) were 11.83, 11.25, 10.94, and 9.11 dBi, respectively.
The measured gain difference between the beam directions of 0 and 45
degrees was 2.72 dB. The SCPA is very useful for the application in a
constant-gain beam-switching phased antenna array (i.e., SAR, Satellite
communications, UAV).
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