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ABSTRACT

Recently, the ground penetrating radar (GPR) has become a popular technique using for
near field detection application. The application frequency band of GPR system is in ultra-wide
band (UWB) frequency range. The research and development of antenna for ground penetrating
radar are necessary because the bandwidth of previous antennas do not covered operation frequency
range of GPR standard. In addition, the existing antenna is unsuitable size and too sophisticated to
design and fabricate.

This thesis presents the design of the antenna with coplanar waveguide fed for ultra wide
band frequency range. The prototype antenna structure is fabricated from FR-4 material. The design
of antenna structure has two parts. The first part is a small rugby ball antenna and the second part is
rectangular antenna with slot etching. Both prototype antennas are designed and optimized with
parameters using empirical method and Computer Simulation Technology (CST) program.

The simulation results agreed very well with the measurement results of both prototype
antennas. The bandwidth of small rugby ball antenna covers ultra wide band frequency with
frequency range from 3.03 GHz to 14.02 GHz and the average gain is 4.79 dBi. On the other hand,
the rectangular antenna with slot etching is operated within the frequency range from 3.09 GHz to
10.61 GHz with antenna average gain 3.83 dBi. Finally, the radiation patterns of both prototype

antennas are omni-directional pattern.

Keywords: small rugby ball antenna rectangular antenna ultra wide band frequency
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AuaulianInane aeeimauuvesni lasauuuua uguanidvesdiseimanudaaly
A 1 A S =] 1A = A [ Ao ]
MNA 2.4 1n3UMIurnIzIBveIRANI M TN NN UM TeUA D U NTInaNNTMTH)

=
1IN

Antenna

Radiation
pattern

a

v 9
MU 2.4 uuugﬂmmwwaqqmmmmammmmu@mﬁmq [8]

d‘ QU
24.1.3 Llﬂﬂgﬂﬂ1iﬂ§$%18ﬂﬁuﬁaﬂ [8]
ﬁ]mﬁmﬂ’ﬁmmmammﬁiumammLmugﬂﬂizmﬂﬂﬁuwﬁn (Principal pattern) U9
9| ' < ) @ o a Y
senuaun i (B) wag sevnvauuudman (H) dmsuaeoinia Inal lsssunuuyadyu
. .. & J = 7
(Linearly-polarization) tyugimsnszaigaauluszuiu B sziluszunvnussynames
Yy a ' @ A A J A I
aum”lv\l‘vh LL'ﬁ%ﬂﬁVlN"UfNﬂWiLLWWE‘I\?\TIH“V’I!HQ“V]EZ(@ muuuugﬂmzmmauimzum H i]ZL‘]Ju
{ 4 ] < a ] 1% 4 ! @ 1
33um‘ﬁmim’mmasammmmaﬂ uag ‘VI?WINEUE’Nﬂ1§LLWWﬂQQWUﬁLLiQ‘ﬁ’Qfﬂ AIDYWNNITLO A

%

A A o A = I @
Ll‘]J‘]Jg']Jﬂﬁ$ﬂ1ﬂﬂauﬂﬂﬂﬂﬂllﬁﬂﬂiuﬂ1w1ﬂ 2.5 Tﬂamzum X, z 1Wusgurw H vian
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Y { @ 9| 1 <
MNA 2.5 uuugﬂmiﬂizmaﬂﬁuwaﬂ seanvanw i (8) vazeuuuiman (H) [8]

2.4.1.4 WGAAUMIUANGI [8]
A ' [ — < 1 & 1 A A
‘W@jﬂa‘LlGUE]Qﬂ'lillWWﬁ\?\“l'lu(Radlatlon lobe) L']J‘Ll AIUNUIVDINITUNNTEYAAUN
a 49! < a a) Y 1 d’d 9 ] Y :: [ d‘
mmmﬂumnm Iﬂﬂﬂ'ﬁﬂﬂﬁ'ﬁ]ll"]]@\iﬁ'luﬂﬂﬂ’ﬂllﬁlllmﬂﬁﬂ?iLLW‘WﬁQQ'I‘L!G]'I ﬂﬂllﬁﬂ\ﬂuﬂ'l‘Wﬂ 2.6
= @ [ AaX 13 A 1 o &
Tﬂﬂhﬂ'ﬁllﬁﬂ\‘l"\ﬂllﬂﬂgﬂ (Polar pattem) UANAINTY !L’U’Uﬁ'lllll@]clﬂI,L‘]J\?L‘]Juwgﬂﬁu@]'l\‘ic]@N‘L!
A o . A ) <3| A T o & '
NQAAUNEAN (Major lobe H3® Main lobe)  (IUNGAAUVDINITUANAIIUTIDE 1Y
a d’d ' (4 d’ d' IS d‘ @ ' a o 4
NANWNUNITUAWAINULIINGA - ATUNINN 2.6 uwgﬂauwaﬂagiuwﬁmmﬂu Z 1Ty
APOINAVNFUADIINNGATUHANLINNI 1 WGAAY 13U A8 INFENTIY (Beam antenna)
A : == A A o
nanaluey (Minor lobe) “lmmwgﬂauam u@ﬂlﬁu@ﬂﬂﬂTﬂWgﬂﬁuﬁﬁﬂ

9 @ A

A A J A - <3| A A 1A o '
wgﬂammma‘lcmwgﬂau (Side lobe) L‘]J‘LlWQﬂﬁﬂﬂﬂﬂﬂ@ﬂ@ﬂﬂﬂ?‘lﬁﬂﬁl&ﬁﬁﬂ iazoy

L1l U

Tudirmanuas venaudn@ernungaauman

A o 3 A ] ] [l =< 9 [ A [
ngnauna (Back lobe) Lﬂuwgﬂﬁuﬂ@ﬂﬂﬂgji‘lﬂﬁqg\TﬂaﬂJ AINVIUNDNGAAUYIAN

]
= 1 a

9 v
ﬂﬂmuﬁ'awaﬂa fJ@EJﬂzlﬂﬂﬁ]1ﬂﬂWiLLNWa\‘]ﬁuﬁluﬂﬁﬂNﬂlliJg]}ﬂﬁﬂﬁ AIUd IS UE801NANA

QU

D.

' '
A ]

Y o w A v A vy A @ o & o .
ﬂ3@]@Qﬂ’]ﬂﬂwgﬂaulﬁﬁ']u{lﬁu@ﬂﬂq@ igﬂLUGUﬂ\iWgﬂau&l’[’)ﬂllﬂllﬁﬂ\uﬂu@ﬁiqﬁgum@\iﬂj']ll

v Aa

wuiuveanasnulungaduiiane  aeanuruiuvesnasnulungadunan a9
1w 1 o <3| @ ' ] o
TN oa1aIuved Ted lav (Side lobe ratio) 1HudasidIuvoInNunumBVeINGIIY Y

. { o 1 ] 1% 4 @ @ J
wgaauNMaIaa  aeanurnuIniuyeanadsulungadunan  vieszauvedlud lay

v 9
(Side Lobe Level : SLL) Tumadfifa Taowa liiuinagdeams Inszdvves ledifosnan -20 dB
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Major lobe

First null beamwidth
(FNBW)

Half-power beamwidth
(HPBW)

Minor lobes Side lobe

Back lobe
Minor lobes

-

MW 2.6 WYATUA IS VOIEEINIA [8]

E4
2.4.1.5 aNUa50 I uNIS¥NANI (Directivity) [9]
I oA = A a A
Wua Avendennuausavesaiweinia lumsnszaieaauoon la lunianien
Y 9 Y = a 9 ' @
asams launndeaiiiosla Tasaunsaiiasanldan nungdmsusndsnulussuv E vay
sUMsuAnasuluszuu H aundednaunsaniad (Haft-Power Beam Width: HPBW) @4

A
NINN 2.7

d‘ Y o A 2 o o .
NNN 2.7 MITUIANUNINANAAULVUAITINIAN (Haft-Power Beam Width: HPBW) [9]



13

a

v
TasaAuamnso lumsiane (,) dB m'laan

D, ~10log —2>5 22)
(BW, XBW,, )
Tag  BW, Fusdsauasnisvesdulunnuzlnszneauszuy aunliih

BW,

H

3 o w = = ~ A =
Wumdsnuasmiavesdylunyugdnseneaauss iy auuulman
2.4.1.6 ANURUMUUVDINAINUALANGIY (Radiation power density) [9]

4 ] < { U ] ] @ o
iesvnawivuiman i Aldlunisasinnaisiiudanals gniivualiil
[ v o [ o o Y Y o [ v Jo 1 9 1 Qy 14
anuduiusiunasnueazmasnu Wih Taglddanudunusana laun wosha names

4
v A

v Y [
(Pointing vector) ¥3UMIAIUY (Instantancous vector) FaauUMIUAAINNUFUNUT AT AD

—

W =ExH (2.3)

2 s

< o g 2
TunesnaAmeFFIVULIAIUY (W/m))

&
o
<

D¢

< s & -
HunesAIIAReTFIVAULIAIUY (V/m)

Ty

N v

I =Y P %ﬂ
H dlunegnanameisivasialidy (A/m)

Y
LY

4 2 o 1 o w o v
Lﬁ@\?Fl]'lﬂWﬂEJGNL’JﬂW]@TfIﬂ'NNWN'IEJ Llﬁﬂ\iﬁﬂﬂ'ﬂﬂﬂuuluum@\?ﬂ'lﬁ\‘NTL! NUUNTEN

Y
U %

g’; {1 o ¥ a A Y a a 1 2 4
QWUVI\?WN@?]WQGI@N'IHﬁHW'Jﬂ@ i]%ﬁ'lll'l‘i”ﬂflﬂIﬂﬂﬂu‘ﬂlﬂiﬂ’ﬁ’)uﬂ]’ENW’E]EJGNL'J?]W]'EH ﬁ@l\ﬁ?ﬂﬂﬂ

Y
AININUA
P= J]W ds = ”W nda (2.4)
A I o w g’/ = 2’_,
119 P UM NUNIMUATIVULIIAUY (W)
I ¥ i ¥ Aa
da Fuiunununtla n)

2.4.1.7 ANMTUVDIMIUHNSINU (Radiation intensity) [9]

(2

MINNAANVYBIAII ANUTUURINTUANSINU T unan Rt Ivualy Ao Mdsaun

v
9

v ] o ' @ I a 4 o ' :
UHDBNIINTIYDINIAY UIYYUAU mmwﬁ’mmmmwwawm L‘]JuW1§13JL{5]’E)‘iﬁﬁ1 f,lluﬁ)Eﬂ\‘Wiﬁ

Lo

TumsugasgaauiAvesdeo1ns NeINUALINITZez Ina ANUTUUDINITUHNAINUEINTD
W1 1AINHARUVDIANUH UL LYDINITHANGINU HAZHAVINNITHAITDIVDITLHZNI

4
@ewiuaums ldasae 1
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U=rw,, (2.5)
d’ I 9 ] [ 1 (J
o U UANUTHUDIN TUANNAITY (W/wmﬂgmu)
3 ] [
w., AUANURUMUUVDINTURNEINU (w/m)
I v A "W
r USANYDINTURNNATY

o J

ﬂ?']iJ!fi’inJ"UfJ\‘iﬂTiLLNIWE%J\NWUES]}']%ZL%ﬂuuﬁﬂﬂﬂ’ﬂuﬁuwu‘ﬁﬁﬂﬁu"m11"]%1%6@ﬁ18@1ﬂ1ﬂ

Tuszez'lna'ld Ao
U=~ rz/ZUhEg(r,G, o) +|E,(r,0, ¢)|2] (2.6)
2
U ~1/29[E, (1, ) x[E,(0.) ] -
o E Fluanuduaesauy Ifhaesaeomaluszes Ina

3 U
Eg. Ey dludmilsznevvesauyliihvesareseimaluszes lna

< a A A A 4 . »5Y. %
n T UBUNT UFNOVRLASY (Intrinsic impedance) UYDININA
v ¥ o w 29 ¥ A = 9 [ Y 1 v o w
wugluuvvesiiasnun enaadaanuduvesms g1y lamun g
9 9
NunInNailn 1A N8 uRNIAA NI NTUYBINITURNAINUATNTUNTT 2.5 AROAYNAY

4TT aviue Bavz 18
P = [[Udy = [ [ sin el 2.8)
Q

2.4.1.8 9M51N5UY18 (Gain) [9]

' '
a2 A

A 1< @ 1% I
TINUTNAUTNUAVDIT1YDINA ﬂﬁﬂﬂﬁ§1ﬂ15m81ﬂ (Gain) 0@51ﬂ15ﬂ1818!ﬂu

o v I Y aan . - a A 9 9
ﬂ'ﬂﬂﬁﬂwuﬁulﬂifﬁﬂﬂulﬂﬁﬂﬁ’]ﬁ (DlreCtIVIty) I@El‘i'Jll‘]Ji$ﬁﬂ‘ﬁﬂ'lwéllflﬂﬁ'lﬂ@']ﬂ'lﬁmﬂﬂ'lﬂﬂEJ

v Y 9
Tuvazh lasnadd o3ueguania lumssiansvessseimamniu

v o

MAIOATIVE1E (Power gain) VOIH18010IA IUNANIINNTIUA]

Y g 1

PUTAUNINY 47T

a

"
9 1
ﬂmﬂuammaummmmmﬁ’u%’uﬁmmsmemqm“lumﬁmmumﬁwmamqmﬁﬁmmmﬂm

9 i ’ '
NNIInevounTeddd el lamuruanania i Tasmunz Tasna ldudusvzaamesinuly

Y
v

NAN AT TUANAINUUTING D A9

Q

D.
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v 1
8A5 1V = 47T gUANMUTUVEINIsUANEIUMIdInunIuantonldny

GRERRIA

(2.9)

Gain = M

in

2.4.1.9 Usz@nSN1Nue9e180 109 (Antenna efficiency) [9]
Aa A Qld' o =R =K = 1 A g’;
Yseanimuvesaeoma £, e lmiesmiedimsgyasansg  nvanazaiely
Tnseadeuesa1oo1Manie MIgdoa1se Wes19anIun i 2.8 91atilean1nnmsaziou
[ 4 (Y] v o [ 1 1 [
naVLHeI1nAY IUFUWUTAY (Mismatch) AUSEHINNEI0E (Transmission line) NUE1BDINIA

= = gJ/ o o 2 = 9 )
nmiqmumﬂmﬁlummuazmnu (U°R) HAZMIFULAYIINNITASNOUAIU

MNA 2.8 ﬂ1i’(§[ﬂl&%ﬂﬂlﬁ]ﬂﬁ1€lﬁ]1ﬂ1ﬁ [9]

v 9
Tagn udlszansnmnanua suialdan

£ Nl (2.10)
4 I a a gJ/ 1 1
1o E, Whuseansamnarua (liliviae)
< Aa A a Y] Y Y] [P 1
e Wulszanimwnenumsaziounau (lulivuae)
I a a ) 1 [
e Fulszansammvesdini (luliniine)

Futlsgansamvesnuiu (luiniaeg)
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2.4.1.10 Uszansamusaily [9]

a = o é d' Y v A 1 =1 1 A o d ~
‘Wﬁnlmai@ﬂ@?ﬂﬂﬂ%i%iﬂﬂﬁﬂ@1’ﬁ‘L!’J1ﬁ1ﬂ@1ﬂ1ﬁ1]ﬂﬂ!ﬂ1W"U’ENﬂﬁﬁﬂ‘ﬂiﬁiﬂﬂa‘lm

=

unifeariioslaiy 14un 1szansamveady (Beam Efficiency : BE) mmumﬂmmﬁ«?mw

Y
v

d (% 1 a a A = o S A
ﬂauwaﬂaqiumﬁwmmu z(q=0) ﬂigﬁ‘ﬂ‘ﬁﬂ'l‘WGU’ENiJlli]gﬂTﬂuﬂllﬂﬂﬂ‘Ll fl

o W td‘ 1 A 7 é o
NANNTN (MID3) msflumaa«mmuu q,
BE= —— 7 7 (2.11)

MAINUNTI (MI051) MINUAR A1 INIALY

l,iJ’[’J q, lflJ‘L!lliJ ﬂuﬂuﬂiwuwmmm’w T]LiW]’O\‘lﬂﬁi] wuﬂaimummmawm

q

1/] wmﬂluuu mum OUFTUNIS 2.11 'lmﬂumu

[["[ue.g)sinaiady o
= 2.12
[ [[u(e.9)sin ey

v o v A

A 99 g Aa a P v &
L‘JJ’E]GLW L“]J“L!llll‘]/]tﬂ@ll a (Null) ﬂ’é) i]ﬂsslumummammmuqumﬂuﬂum ANUU
o Q d‘dg'/
NIAINIUNUNIN YA

2.4.1.11 Twa1 55U (Polarization) [9]
ANUNUIEUDI TNa 15159 Y (Polarization) UOIEIEDINIA 9NAI1IDIANUUUIGVD
Y d‘ = 1 % d' d‘ 1 Z’, a3 A
Twan lssuvosnaudonou Tnan laaduvesnauiuinszaieun iugduaasnuaniiaue
4 1 < ~ 1 { a a 4 ~
aduuuian llihnurnszateeon 1l NeTurenaniauazvuiavesnamos auin lwiinmnan
A o ) d' o % .é d' % dy o Q d’ d' a U
A199) & UM FUnaFansn tazmsdanatiazim lasyesmurasnauimumalyl a
~ o [ Y a o2 A I
uaaalunind 2.9 dsznoudmiuInar lssuvosmeoinmalunaniavilananisla szl
o A A 1 g’; A I 1 A I
Twan lssuveanaunupnszatgeanaInateoImMaiy (Weolluaeoineads) niodluInarls
o A4 2 - . v i A o A g
EFFFUVBIAAUNIANATENUAWDINAL Y MANANNNMUA 1A FuiisaigeimasunauLdlIg
v Y

A o w A v A Y M 9o a Y =KX A A
UM UNVIVOIFWYDINAUINNG A m”lu”l@mwuﬂﬂﬁmmﬂw VEHUWYIRINAN NN INA

wﬁiT’llEﬂEliﬂﬂ‘i/]ﬁ@ ﬂ\iuuTW’ﬁTUli!,Glf‘lfuallﬂﬂﬁ1ﬂ@1ﬂ1ﬁ1u‘lﬂﬁ%1ﬂﬂﬁ1ﬁﬂu% ZUANANNY
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()

&

Major axis Minor axis

M 2.9 Twan lsssunaza93 Inan 1 [9]
(1) MINYUVBINAU

@) Twan lsy g

[ a @ 3’; 1 PR [} I aa o
TunmsudsriavesIwar lsduiin orviseen Idilluvatenuuwu iWunnvdities
Twan lsiwsu (Linearly polarization) Twa lsisFutuuranay (Circularly polarization) 49
Y
o "o o 4
Twan lsiasunn 1993 (Elliptically polarization) IUBENUANYULNITHYUVYOIGOAVDIIANDS
o A ! v o 3 I
avuw i dnmeesinaasawi Tihindsdununat a galaq lugyonmemniuduass
1 Q3 v a 4 % 1
e sziFenintluTnar lsdunumduase vie afles Inar Iswdu uadrauin Wi dinig
= = g I o A Y aa o o
vyuzdes vz enaumunuiud Wi Inar lswsunnuadd neades Tnan lswdu vaz Twan
@ 1 3 3 a @ a
Tsdunuurnan arnidunsaimesvod Tnar lsasunuuadd drawn Idihuyuludans
< a A A @ A 9 < A < a = 13
AMITNUIIEN (A0 1HoNDINUHANAUUAD AUTNITUYUA TN dziFonduiluTnal

Tssduan luvagininawn ihwuluiamenawdundn i Ina lsadudie
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2.4.2 ¥UAYDIAERINA [9]
2.4.2.1 awemenuy lana (Dipole antenna)
lugweimalalnatidsiinnuendesnimdeniiiy 450 siinsusglnszud
(Current Distribution) asfinaeaname1iveslalnads uliezadeasermaliiimanvegyl
nszuansii 1 1&Ram uad 19 la Tnadufuns estrelumsmuammsnasgnszudvesaeen
maflFues e mnzdlszuameomanuuduaiagainnue Aso <1 <A/10 1daud

agq yYa A [ @ A
ﬁ]gﬁlllf!ﬁ‘lﬁllﬂwjllﬂ\igﬂﬁwlllﬂa83Jﬂ\1llﬁﬂ\jﬂ\1ﬂ1w1ﬂ 2.10

Z
A

A

V2 J
: 2
17 o SEd
v
2
% A
'V g

MW 2.10 ﬂTiﬂi%i]”lﬂsll’ﬂ\iﬂ33LLfﬂla$i$°1J‘ULLﬂu‘ﬂi$ﬁ'1uﬂlﬂﬂﬁ18§]1ﬂ1ﬁ]‘1ﬂ11"lﬁQﬂuﬂa [9]

inatvesawn Wih E sazaunWih 1 vedlaTwalunigauadamisom1diag
Y o s X ~ ' A
MFUAINTUMITVOIUNF1IAA (Maxwell’s equation)  N3zezi1eeen loinlalnagauna

(r>> A) mansouaad lan

= Az . we-

E=— jou sinfae (2.13)
V4 r
IAz R -~

ﬁz—jﬂe—sin 0ay (2.14)
V4 r
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e B =m/A4 WemmaunaueInsuHnany

I 4 ]
A, Wuanuenvesnaulueimeing
- I s & ] a o @
ag Wunmmesvilavuelunaiy 6 Auunu z
- I s & ] a o @
ag Wunmmoivianielunieiyu @ fuun x

A v A A s % . o o v A
Wold » A E wag H Nueiuealad (Normalize) AuAIgagaveuiuug) aiims
{ v a ) 1 ) ' 1 I s S o
nlasuudasnunemasaaaslunnn 2.11 dunanauin Iniulasumlaatuiansu Tainy

~ 1 <3 lda! Ty A 9 ) =< ag
Ny 0 Glu‘llﬂlg‘ll]‘lll‘!"lﬂ‘llﬂQﬁUWJJLLJJLﬁaﬂlliJﬂluﬂgﬂUﬂﬁ @ ﬂ’J"IiJﬂ’JNa1ﬂ§\‘]6UfNulﬂTWfﬂQﬂiJﬂﬂ3Jﬂ1

1A 90°

y
z
A A

(V)

A2 dipole

(f)
MR 2.11 marndasnuvesaeenalalnanagavad (8]
m luszinuiifaeemeegluszueu i
) Tusguu X ¥ (6=90°) W30 sLUIUAUINILINAD

25 1w aa
(") gﬂwaammmmwwawmiu 34N
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2 . I a AA 9
#100101¢ 1a Twadu (Short dipole antenna) 1Jueee1nislaInavsaniinnuenies
I o 1
11N (Az < A) manszawvesnszuasziugllemilaelszuim narnelszyluihzoonun
d‘a d' d‘ Y [ dy o Y a
Usinginrvaalaluvasinssudanas wariigiatgvesaieeinma nszuansziail i lvine
A 1 < EY ] A [ A Y o [ A
aauiman i wieenanasoIMa uazen TeaaeeIMAFIAA AN VA 18D INMASUADL
b v g P 2 ad A
MINsZBUBINTZUAUUT W INA I Tnaduamsodszanaliiugdammaon Felinun
o & A - 4 4
Wunsamitivesgdnisnszarevesnszuaunlalnagaund (9101w 2.11 uazn g 2.12
Y Ay ] o s, = A @ y 3 a aad A @
Usznon) Memainmsuranasnuves laTnansaesduriounu (sauns laG niIdnmieunu

' ' M s 1 ' o 2 o o "o ' o
ﬁ}jﬂ) ll@]auu’]ﬂﬁu’luﬂgﬁ’]\‘]ﬂu@%}jﬂuwﬂlﬁaﬁ E W%’@ﬂmﬂaﬂuﬂﬁﬁﬁmaﬂmﬁ!,waaﬁﬂuﬁ)zmﬂﬂu

Y J 1 g A o w ] o 9 1
aeunnes Z Tﬂﬂ"lﬂiwauuumaﬁmmwwamuuaﬂﬂm

7 Z
A A
1 4+ Az
+ +
+ —— f(2)
> E -
N —Azn
() (V)

v 9
MW 2.12 o019 la Tnavuiagy [8]
(M) ﬂ'53LLﬁ‘]Juﬁ’”lfJfJ"lﬂWﬁLm&’ﬁuﬁJ”h\l%I\I"Ii@‘ﬂc] a1Y91NA

() m3nszaeveanszuaiazalszy Wihouaeeinis

a1e01mala Inauuuend (Long wire antenna) fulaTwafitvueen dedeudy
anuenauiezilumsoimariadioige lumsmianuvesssemaviiail 1wdomsu
MINTZIYVOINTLUAUUAYOINIANDY dNHAULNITNTZIIBVEINITZUA la Twa1d awnson 1@
Tasngufmeds nande insanawemealiiilulassadeiinlasnnnmedalawda ¥

aneaetenoonNAUAININA 2.13
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> f2)

(n) (V) (A1)

PNA 2.13 MInTzNBYRINTZIAUUMEIM e Tnadoinsanedfeufumsnseneves
nszualuaneasdarada [8]
(M aeastareila
@) meornelaTnadi 1dnnnissiuaeda

Q) f‘l"l'iﬂﬁgmﬂ*l]@ﬂﬂﬁgllﬁﬂullﬂIWﬁ

ﬂ1iﬂ§$ﬂ1ﬂmﬂﬂﬂigllﬁﬁﬁﬂ]1h81]?]51/!‘17‘]!&@ﬂ@i?ﬁﬁumﬂiﬁ'18®1ﬂ1ﬁqﬂI‘Wﬁﬁﬂ’ﬂiﬂﬂﬁ]

D
DR

(n) (V) () W)

A 4
au g uaaaldlunnm 2.14

A

v
=

mwil 2.14 m3nsznrevesnszuadmiylalnaniloudyanansinais (8]

(mMeanwen L= % () Anwen L= % A

@anuenn L=A4 () ANUYNI L:g/l
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Y o A Y ] A o ~ '
01 m,muwmmﬂ’oumﬂmmﬁ 3J'liﬂﬂll°l’if1ﬁ]'lﬂﬂﬁuhlcﬂu ﬂim!ﬁ‘ﬂﬂi%ﬁnﬂ’ﬂgﬂu@1ﬂ’lﬁ

= Y 3 A o A
mmmmau"lmﬂumlmim 2.15 AU

. L : L
I(z)=1,sin ﬁ(—j—|z| o [z|>— (2.15)
2 2
4 I '
130 I AuAnTZIagIgaUUAIgeINA
L fluanuenaeeins
z fluduiinauduesasoinia

a 4 1A 4 EY ] <3 1 a ~
ﬂﬁ’)!ﬂi"lg‘ﬁﬁTﬂTLlW%uﬂlﬂﬁﬁuWN]lWWW E magauuiuvian  H agﬁluummma

LTl

1 < o 4
v Inaninaeoimelasld 7, 910 2.5 Tinaduaunisasil

E_ jor Ses cos[(AL/2)cosd]—cos(AL/2)a,
oo sind

(2.16)

s IR |_sin[(BL/2)cos@]—sin(BL/2)a,
oo sin@

(2.17)

A I 1A P a a 4 \ X . o 1
o n = wy/,B Lﬂumaumuﬁﬂ DUNILAUY (Intrinsic 1mpedance) UBDNAINANNITLURN
4 Y| ) > 4

nszneaaulunstindainanaawilueims n=7,= 1207
1 o ] ° o o : X 1 =
AMTUAAINTUANEIUITAIZIINITUBS UPA 1A (Normalized) Fap1auin lWih E

o3 72 A Y 1 A 3 ' o 3 9 !
uazauwutman H e lddaiigegailu 1 newihez liwaeaiiounuyy Tagldaunish 2.6
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JOl—INSON

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

ELECTRICAL RATINGS

Specifications
Impedance: 50 ohms
Frequency Range:
Dummy loads 0-2 GHz
Flexible cable connectors ... ¥ :
Uncabled receptacles, RA semi-rigid and adapters ........... 0-18.0 GHz
Straight semi-rigid cable connectors and
field replaceable CONNECOrS .............ccccovivivceiiviicciiins 0-26.5 GHz
VSWR: (f = GHz) Straight Right Angle
Cabled Connectors  Cabled Connectors
RG-178 cable .. 1.20 + .025f 1.20 + .03f
RG-316, LMR-100 cable 1.15 +.02f 1.15+ .03f
RG-58, LMR-195 cable ... 1.15 +.01f 1.156 + .02f
RG-142 cable................... 1.15+.01f 1.15+ .02f
LMR-200, LMR-240 cable . 1.10 +.03f 1.10 + .06f
.086 semi-rigid ................ . 1.07 +.008f 1.18 + .015f
.141 semi-rigid (w/contact) .......... 1.05 + .008f 1.15 +.015f
.141 semi-rigid (w/o contact) ...... 1.035 + .005f
Jack-bulkhead jack adapter and plug-plug adapter ................. 1.05 +.01f

..1.05 +.005f
.. NIA
.. NIA

Jack-jack adapter and plug-jack adapter ..
Uncabled receptacles, dummy loads .
Field replaceable (see page 59)
Working Voltage: (Vrms maximum)’

Connectors for Cable Type Sea Level 70K Feet
45
65
RG-58, RG-142, LMR-240, .086 semi-rigid,
uncabled receptacles, .141 semi-rigid w/o contact... 335 85
.141 semi-rigid with contact and adapters 500 125
Dummy loads N/A

Dielectric Withstanding Voltage: (VRMS minimum at sea level)'
Connectors for RG-178
Connectors for RG-316; LMR-100, 195, 200
Connectors for RG-58, RG-142, LMR-240, .086 semi-rigid,

field replaceable, uncabled receptacles ...
Connectors for .141 semi-rigid with contact and adapters
Connectors for .141 semi-rigid w/o contact, dummy loads

Corona Level: (Volts minimum at 70,000 feet)'

Connectors for RG-178

.. 125

Connectors for RG-316; LMR-100, 195, 200 .... 190
Connectors for RG-58, RG-142, LMR-240, 086
uncabled receptacles, .141 semi-rigid w/o contact ... 250

375
.. N/A

Connectors for .141 semi-rigid with contact and adapters
Dummy loads

Insertion Loss: (dB maximum)
Straight flexible cable connectors v

and adapters ...................... 0.06 " f(GHz), tested at 6 GHz
Right angle flexible cable —
connectors ..........cceoevenee. 0.15 " f(GHz), tested at 6 GHz

Straight semi-rigid cable —
connectors with contact ..... 0.03 Yf(GHz), tested at 10 GHz
Right angle semi-rigid cable
€ONNECtOrs ..........c.ccccevues 0.05
Straight semi-rigid cable

f(GHz), tested at 10 GHz

connectors w/o contact ...... 0.03 " f (GHz), tested at 16 GHz

Straight low loss flexible —

cable connectors ................ 0.06 " f(GHz), tested at 1 GHz

Right Angle low loss flexible —

cable connectors ................ 0.15 " f(GHz), tested at 1 GHz
Uncabled receptacles, field replaceable, dummy loads..................... N/A

Insulation Resistance: 5000 megohms minimum

Contact Resistance: (milliohms maximum) Initial ~ After Environmental
Center contact (straight cabled connectors
and uncabled receptacles) ...............ccc...... 3.0* 4.0
Center contact (right angle cabled
connectors and adapters) ..............cccccuecenne 4.0 6.0
Field replaceable connectors .. o 8.0
Outer contact (all connectors) ..... 20 N/A
Braid to body (gold plated connectors) .. N/A
Braid to body (nickel plated connectors) ... N/A

*N/A where the cable center conductor is used as a contact
RF Leakage: (dB minimum, tested at 2.5 GHz)
Flexible cable connectors, adapters and .141 semi-rigid
connectors w/o contact
Field replaceable w/o EMI gasket ..
.086 semi-rigid connectors and .141 semi-rigid connectors
with contact, and field replaceable with EMI Gasket ...
Two-way adapters ...
Uncabled receptacles, dummy loads .
RF High Potential Withstanding Voltage: (Vrms minimum, tested at 4
and 7 MHz)'
Connectors for RG-178
Connectors for RG-316; LMR-100, 195, 200 .
Connectors for RG-58, RG-142, LMR-240, .086 semi-rig
.141 semi-rigid cable w/o contact, uncabled receptacles ...
Connectors for .141 semi-rigid with contact and adapters ...
Power Rating (Dummy Load): 0.5 watt @ + 25°C, derated to 0.25 watt @
+125°C

MECHANICAL RATINGS

Engagement Design: MIL-C-39012, Series SMA
Engagement/Disengagement Force: 2 inch-pounds maximum
Mating Torque: 7 to 10 inch-pounds
Bulkhead Mounting Nut Torque: 15 inch-pounds minimum
Coupling Proof Torque: 15 inch-pounds minimum
Coupling Nut Retention: 60 pounds minimum
Contact Retention:

6 Ibs. minimum axial force (captivated contacts)

4 inch-ounce minimum torque (uncabled receptacles)

Cable Retention: Axial Force (Ibs) Torque (in-0z)

Connectors for RG-178 .................. N/A
Connectors for RG-316, LMR-100 . . 20 N/A
Connectors for LMR-195, 200...... N/A
Connectors for RG-58, LMR-240 N/A
Connectors for RG-142 ........... N/A
Connectors for .086 semi-rigid 16
Connectors for .141 semi-rigid 55

*Or cable breaking strength whicl
Durability: 500 cycles minimum
100 cycles minimum for .141 semi-rigid connectors w/o contact

ENVIRONMENTAL RATINGS (Meets or exceed the applicable paragraph of MIL-C-39012)

Temperature Range: - 65°C to + 165°C
Thermal Shock: MIL-STD-202, Method 107, Condition B
Corrosion: MIL-STD-202, Method 101, Condition B

Shock: MIL-STD-202, Method 213, Condition |
Vibration: MIL-STD-202, Method 204, Condition D
Moisture Resistance: MIL-STD-202, Method 106

TAvoid user injury due to misapplication. See safety advisory definitions on page 2.
Johnson Components® * P.O. Box 1732 + Waseca, MN 56093-0832 + 1-800-247-8256 « Fax: 507-835-6287 + www.johnsoncomp.com
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WETS-LINDGREN

An ESCO Technologies Company

FEATURES:
® Ultra Broadband: 1 GHz - 18 GHz

B Maintains Single Lobe Radiation
Pattern Over Frequency

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

H Flexible Mounting Systems

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

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

105

EMC(C Antennas

Double-Ridged

Waveguide

3-D Patterns
Available at

www.ets-lindgren.com/3117

Horn

Model 3117

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

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

process. All production units are
individually calibrated at our A2ILA
accredited lab.

FEATURES

Single Lobe Radiation Pattern

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

range. This characteristic is
essential for even distribution of
electromagnetic energy on a target
surface, and accurate measurement
of gain and vector information.
The Model 3117’ unique design
suppresses the propagation of
high order modes. The result is
an antenna with a well-defined
single lobe radiation pattern that
outperforms other antennas in its
class.

Ultra Broadband

The Model 3117 sweeps from

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




NETS-LINDGREN

An ESCO Technologies Company

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

Power Input

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

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

Electrical Specifications
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EMC Antennas

Double-Ridged
Waveguide Horn

Uniform Gain, Low VSWR

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

Flexible Mounting System

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

Model 3117

STANDARD CONFIGURATION
B Antenna Assembly

B Mounting bracket drilled to
accept ETS-Lindgren or
other tripod mounts with 1/4 in
x 20 threads

B Rear “stinger” Mount

B Individually calibrated at 1 m
per SAE ARP 958 at our
AZ2LA accredited lab. 3 m
calibration per ANSI C63.5
available at additional cost.
Actual antenna factors and a
signed Certificate of Calibration
Conformance included with
manual.

OPTIONS
B Antenna Mast

B Antenna Tripod

MODEL FREQUENCY VSWR MAXIMURM PEAK IMPEDANCE CONNECTORS
RANGE RATIO CONTINUOUS POWER (NOMINAL)
[AVG) POWER
a7 1 GHz - 18 GHz 3.5:1 max 300 W 400 W 500 Type N
<2:1 above 1.5.GHz
Physical Specifications
MODEL WIDTH DEPTH HEIGHT WEIGHT
3nz 17.5 cm 175 cm + 155 cm mount 155¢cm 113 kg
69 in 89 in + 6.1 inmount 8.11in 25 b
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ESCO Technologies Company

SVETS-L

Model 3117 Antenna Factor
48

dB 1/m

Model 3117 Gain

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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EMC Antennas

Double-Ridged
Waveguide Horn

Model 3117

Model 3117 Half Power Beamwidth
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (1 GHz - 4 GH2)
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EMC Antennas

SNETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (9 GHz - 12 GHz)
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (17 GHz - 18 GHz)
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FrP2-23 Study on Channel Capacity in Near-field MIMO System when Using Dual-dipole Array
Dalin Zhang, Toshikazu Hori, and Mitoshi Fujimoto, Univ. of Fukui, Japan
This paper introduces the dual-dipole array into the near-field MIMO communication system. Comparing with the conventional
single-dipole array, the proposed array possesses very huge dominance in channel capacity. The optimal HPBW of the radiation
pattern of the dual-dipole element is found at about 50°. The deterioration of channel capacity caused by antenna location errors
is also clarified in detail.

FrP2-24 Compact Printed Ultra-wideband Antenna with Band-Notch for WLAN
Mohammad Tariqul Islam, Rezaul Azim, Ahmed Toaha Mobashsher, Norbahiah Misran, and Kamarulzaman
Mat, Universiti Kebangsaan Malaysia; Malaysia
A compact printed antenna with band-notch characteristics for WLAN is proposed. The proposed compact antenna consists of a
partial ground plane and an annular ring patch with a partial annular slot. By properly designing the annular slot placed at the lower
side of the ring radiator, good frequency rejection of 5.1- 5.9 GHz with a wide operating band from 3 to 10.6 GHz can be obtained.
Furthermore, a symmetric radiation pattern and stable gain except in the notched band makes the proposed antenna suitable for
being used in UWB applications.

FrP2-25 Bandwidth Enhancement of E Shaped Patch Antenna Using Parasitic Radiator

Zeeshan Zahid, Nat'l Univ. of Sciences and Technology, Pakistan
A simple technique of bandwidth enhancement of E shaped patch antenna using a coplanar parasitic radiator has been presented.
The E shaped patch antenna is coaxial probe fed and parasitic radiator is a rectangular strip. Adding the strip to the design
introduces additional resonance, responsible for the enhancement of bandwidth. The length and width of the strip have been
optimized to achieve the aim. Both simulation and experimental study is conducted. The maximum measured bandwidth is 43.37%
and maximum simulated gain is 9.91dBi. Measured and simulated results of reflection coefficient are in good agreement. The
design has been simulated in HFSS.

FrP2-26 Self-Complementary Ring Planer Antenna of Very Wideband Operation
Yasser Fadhel” and Khalil Sayidmarie®, “Institute of Technology / Mosul, Irag, @Univ. of Mosul, Iraq

The principle of self-complementary is applied to develop the traditional planar monopole antenna into a dipole antenna with
frequency range which exceeds UWB requirements. The proposed design has compact, planar, and simple shape arranged in self-
complementary manner. The self-complementary structure reduced the imaginary part of the antenna impedance, resulting in wider

FrP2-27 Small Rugby Ball Antenna for UWB Application
Pipat Kongmuang and Amnoiy Ruengwaree, Rajamangala Univ. of Technology Thanyaburi, Thailand
This article presents the reducing size of Rugby Ball antenna for UWB (Ultra-wideband) application which is fabricated on PCB
FR4 type. The prototype antenna can support the UWB according to the requirement of the Federal Communications Commission
(FCC) that set the range of frequencies about 3.1-10.6 GHz. The analysis of antenna qualifications employed the simulation structure
which resulted by the Computer Simulation Technology (CST) program. The proposed antenna has been reduced of 97.05% when

compared with the conventional one.
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developed.

rugby ball [1]. The rugby ball is created by the overlapping circles which its

distance height, h, width, a, and distance between the centers of two circles , D, as shown in Figure 1(a) are calculated from formulas (1) and (2) when ).L

lowest desired frequency:

Ttem

28.19

Conventional Rugby
Ball Antenna

Size (WxL)

151.45x196.40 mm 30%37 mm

Area (mm?)

29,744.78 mm* 1,110 mm?

Frequency Range

0.9 - 20 GHz 3.03 - 14.02 GHz
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Small Rugby Ball Antenna for UWB7Application

Pipat Kongmuang !, Amnoiy Ruengwaree >
' Department of Electrical Engineering, Faculty of Engineering, Rajamangala University of
Technology Thanyaburi
Rangsit-Nakorn Nayok rd. Thanyaburi, Patumthani, Thailand, pom883r@hotmail.com
*Department of Electronics and Telecommunication Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi
Rangsit-Nakorn Nayok rd. Thanyaburi, Patumthani, Thailand, amnoiy.r@en.rmutt.ac.th

Abstract

This article presents the reducing size of Rugby Ball antenna for UWB (Ultra-wideband)
application which is fabricated on PCB FR4 type. The prototype antenna can support the UWB
according to the requirement of the Federal Communications Commission (FCC) that set the range
of frequencies about 3.1-10.6 GHz. The analysis of antenna qualifications employed the simulation
structure which resulted by the Computer Simulation Technology (CST) program. The proposed
antenna has been reduced of 97.05% when compared with the conventional one.

Keywords : Reducing size Rugby Ball antenna CPW-Fed UWB
1. Introduction

Currently, the application lists using antenna UWB are also abundant, but widely used to
the ground penetrating radar (GPR). The GPR is used to detect, such as examination of objects,
pipelines underground, structure, building etc. The rugby ball antenna is an antenna that can be used
in the ground radar as well because of transmit and receive waveforms with pulse rise time and
pulse width with a very narrow range [1]. In the previous designs, the researchers were introduced
rugby ball antennas applied to a radar system for near range [2-3]. However, its application need to
be moving the antenna to detect any targets, but the antenna is too large, so that the problem of size
and weight have been considered and developed.

2. Structure and Designing Principles
2.1 Antenna Structure

In previous research, the structural design of antennas is similar to the rugby ball [1]. The
rugby ball is created by the overlapping circles which its distance height, 4, width, @, and distance
between the centers of two circles , D, as shown in Figure 1(a) are calculated from formulas (1) and
(2) when },_is the lowest desired frequency:

24.19

R2

(a) (b)
Figure 1: (a) Geometry of the Rugby Balls Antenna (b) The Size of The Antenna Given By
Equations.
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D=(R +R,)-h 1)

When h=i so that 1 s 5 2 2
2 a=3xJ4D'R2'—(D‘—R,‘+Rz') @

First, in the UWB frequencies ranging of 3.1 GHz to 10.6 GHz with the previous formulas,
the 7 =24.19 mm, D = 4.60 mm, R, = 14.10 mm, and R, = 14.70 mm, so that the rugby ball antenna
can be created as shown in Figure 1(b). Then the size of the antenna from the calculations is proved
by using the electromagnetic software CST. By the prototype antenna was fabricated on PCB type
FR-4 with the total length and width are 37 and 30 mm, respectively. The PCB has a dielectric
constant (g,) of 4.5 and its thickness of 0.77 mm. However, the feeding line is CPW-Fed which is
respected with a SMA 50 ohm [6].

2.2 The Simulation Analysis

The simulation CST program is required to revise the responses of antenna such as the
return loss, radiation pattern and bandwidth for optimizing the size of antenna. It can be noticed that
when the length of both side ground planes (L,) are varied, the proper bandwidth is also changed.
Figure 2(a) shows the return loss (S;,). It found that when L1 = 16.78 mm, the widest bandwidth is
presented around 74.09% (3.11 — 6.77 GHz). By the way, when the width of both side ground plane
(W1) is adjusted as shown in figure 2(b), it found that the proper value is W1 of 3.1 mm is suitable.
Because the frequency response will be around 132.04% (3.06 — 14.95 GHz) which is more than
57.14% compared with the conventional one. Finally, the proposed antenna dimension is shown in
figure 3(a). Figure 3(b) shows the fabricated antenna. Table 1 shows that the size of the proposed
antenna can be reduced 96.14% when compared with the conventional rugby ball antenna in [2].
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Figure 2: The Return Loss (a) When Adjusting L1(b) When Adjusting W1.

| 37.0 mm.
28.187 mm.
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(a) (b)
Figure 3: The Proposed FR4 Rugby Ball Antenna (a) Its Dimension (b) Its Photograph.
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(a) (b)
Figure 6: The Radiation Pattern at The Frequencies of 4.1 GHz, 8 GHz and 12.4 GHz on E-Plane
(a) Simulation (b) Measurement.

4. Conclusion

This paper has presented the modified rugby ball antenna by using PCB FR4. The proposed
rugby ball antenna is designed for supporting the UWB application to use with the wireless
communication onIEEE 802.15.3a standard. The results of antenna from the simulation and
measurement responses constantly conform through the frequency used in3.1 - 10.6 GHz and its
VSWR is less than 2. Also, it is found to have 128.91% of bandwidth (3.03 — 14.02 GHz) and be
able to reduce the size of 30 x 37 mm which is 96.14% of the conventional one.
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Abstract

This paper is presented a Design of rectangular monopole
antenna with slot etching for Ultra-wide Band Applications. The
antenna structure is designed on the printed circuit board with FR4
material. Antenna design and process parameters using a simulation
model to find the best results. Based on the size of the C-shaped groove
on the antenna and the size of the semicircular erode the ground plane.

Until a minimum return loss and the char of the bandwidth

and the transmission spectrum. From the simulation results showed that

the antenna has ultra-wide band freq y.Is a good i

bandwidth equal to 110.01% (3.08 - 10.61 GHz.) Which cover a ultra-

wire band range of standard IEEE 802.15.3a.

Keywords: C-shape, semicircular, slot etching, monopole antenna
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