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RAPIN KUDPIK : COAXIAL-LOOP WIRE MEDIUM. THESIS ADVISOR

: ASSOC. PROF. RANGSAN WONGSAN, Ph.D. 113 PP.
GAIN ENLARGEMENT/ WIRE MEDIUM

The Monopole antenna has been used for radio communications a long time for
such as walky — talky transceivers and radio broadcasting ect. Because the monopole
antenna provides the omnidirectional radiation pattern and low gain, many researchers
have tried to solve this problem with the array method for increasing it, however, this
solution created new problem instead, namely, the difficultly of matching for each
antenna that is the element of array. Furthermore, it provides more minor lobes of
radiation. Therefore, this thesis presents the way to increase the gain of a monopole
antenna with Coaxial-Loop Wire Medium (CLWM). The advantages of this method are
no phasing line, no array minor lobe from the proposed antenna, whereas the antenna
gain is increased. The most important thing is the proposed antenna can retain the real
omni-directional patterns as same as a single monopole with the vertical polarization.
The proposed metamaterials structure consists of two different radii of circular loops
made from with 2 mm. of diameter. The inner radius is 0.15A, the outer radius is 0.45A.
to form the wire medium structure from such two loops, the addition loop with same
inner and outer radii are stacked with the adjacent loops equals to 0.0246). After that
the completed CLWM structure with a quarter-wavelength monopole and ground plane
is analyzed to verify the property of metamaterial by using the technique of Nicolsan
Ross Weir (NRW). Finally, we found that the permittivity of this structure is le’ss than
one at the given frequency of 922.5MHz. Whereas the gain of monopole antenna can be

increased from 1.34 dBi to 4.668 dBi. Therefore, this proposd antenna-can be utilized



for the wireless communication in the frequency band of 920-925MHz (NB-IoT

system).
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@ A S 9 v ~ = A M Y
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dr
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5,00 [ 22y G

C,,(x) =In(yx)—C, (x) = In(y) + In(x) - C,(x) = 0.5772 + In(x) - C, (x) (3.9)

Cpp(x) = I(—l_ Cyos yjdy (3.10)

MANUMUMUMILHSIdza T 1d lagldaun1sn (3.3) uag (3.6) auso@eu 1a
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C +In(kl) - Ci(kl)

= |2|Pf|a; :% +%sin(kl)x[Si(ZkI)—ZSi(kI)] (3.11)

+%cos(kl)><[C +In(kl / 2) + Ci(2kl) - 2Ci(k1)]
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2F (6
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2
R, = {'—0} R, (3.21)
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E ~ in0 3.24
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v sing (3.25)
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U=rWw,_ =p2 | 2 7| ~pl% ging 3.27
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_ pole 2
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26

o 1 { { 1Y yd J
vie e Z =35Q AnnMudneudUDd AeMaralAeInuilnawsolszgnd

monopole
Y Y o a = <3 PR
’maa1mﬁ1mTuiwa"lﬂnﬂmmanmwaﬂmﬁemm cm%zmu"lmmmmmmammﬁ

[ { ° v A 1 4
TuTuTwaensoidyana ldmiouaeeimalalnan 6 <90° uaiipauIuAIUa1INT A

v
=S 1 o @w A

= ¢ o & ' < I T S
Nﬂuﬂuﬁuﬂ ﬂ\iuuﬂ']a\i‘VILLWUﬂﬂﬁTﬂ@TﬂWﬁINIUIW'ﬁﬂ‘ﬂxLﬂULﬂuﬂﬁﬂﬁux‘]ﬂlﬂ\‘lﬁWﬂ@WﬂWﬂqﬂiwa
a g A v Y Yy 3 A A Y to v & I ] &
Ltuaﬂﬂugﬂt’JuEJumsJGU@mﬂ%N‘wmmmmmumumﬁuwmmﬂ%ztﬂuﬂiwuwmmﬂmmﬁ

laTwa sanmizesiianisvesaseinidala Tnagniviuan

Um Um
Ddipole =T T A
U, W,/4x

avg

(3.36)

A I 1 1o o A = 1o o o o
o Wd L‘]J‘L!ﬂ"lﬂ"lﬁLLNﬂ']a\‘l‘U’fNﬁ'lfJi’)"lﬂ"lﬁllﬂiwa vaugNeneo1n e T Tu InalmMsunnaenas

I % . 1 gl.: 1 o g’; U
Wuasanilanniunio W = =W, a1ty D R I
m d monopole
2 W, /8x

Dioncpoe = 2Dare (3.37)

monopole

gl.: <A = a I 1 A
Hunfae aeemia Ty lu Tnasziaanwizasnaniailu 2 mvesmiesinialalna vse 3
Y v 9 ] Y
dB U049 MINNAUAIMA NN 3NN 19 10 Td¥ 18N TN TN LA N UNTURTY
A A Y o w [ A 9 a 2’; [
uanasadadumaaamasanuruiuiuad teadlelunsnarsanivuuseduuod TuTuIna
Y ré _ = o Yo o = A a = 1 :é [ 1
TaaaadliaTanila 39 1¥MaIuana9nTe HI09LNTU10NBE 19N I TUMTHIAITUR

o ¥ o w ~ o 2 o o A
Maamasvedaeo1ned 1y Tu Inanszuiuninadlueliug e

2
Cos (72[ COoS 0)
—= 7| =sineg (3.38)
sin@

aums (3.38)&L1/]‘L!1‘L!ﬁuﬂ"li (3.28) g %81@%}(3.39)

2 27
IO

87° ;[

S

7l2
P, = [ sin*ododg (3.39)
0



27

7l2
.|'d¢ Ism 0deo
77|2 7l2
27 I [1 2c0s 20 + cos> 29]d¢9
872
2
87 4 2 4
_ 315
rad 64

Wommuaou lualiayw 0 <0 <90 waznnmMsuHiaIveInau IAAIauN13(3.40)

(3.40)

10 (3.39) g (3.40) ﬁ?iJ'lﬁﬂﬁW‘i”lﬂ’J"liJﬁHﬂ‘ﬂ”luﬂ"lﬁLLNﬁWﬁQﬂJ’fNﬁ"IfJ’E)"IﬂWﬁI?JIuTWﬁ‘UL!

FLUUNT ALY (3.41)

T :2_’27 (3.41)
Tueme n=1207 Q godumanudumunsudaseinalyTuTna sedauis
R., =35.343Q (3.42)
Tagfimanimeizaafigniaag i
D, :47;U—max (3.43)

rad

o U= ;ﬂo sin® o muuU 77"’

=3 i U, uaz P, unumlu.43) a2 ldaanin
T 7Z'

DI WNANIVDIE 199107 T3 T Twarnn



28

32

D =—=3.39~5.31 dBi (3.44)
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Simulation area
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L=uh (3.48)
@ﬂﬁN‘ﬁ 3.1 ﬂl”lﬁﬂTWfJfJiJVINUlWWW
ae mamwgenmalvihvesiaq (€r)

Vacuum 1 (by definition)

1.00058986 = 0.00000050
Air

(at STP, for 0.9 MHz) ,"
PTFE/Teflon 2.1
Polyethylene/XLPE 2.25
Polyimide 34
Polypropylene 2.2-2.36
Polystyrene 2.4-27
Carbon disulfide 2.6
Mylar 3.1



https://en.wikipedia.org/wiki/Vacuum
https://en.wikipedia.org/wiki/Air
https://en.wikipedia.org/wiki/Standard_conditions_for_temperature_and_pressure
https://en.wikipedia.org/wiki/Relative_permittivity#cite_note-1
https://en.wikipedia.org/wiki/PTFE
https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polyimide
https://en.wikipedia.org/wiki/Polypropylene
https://en.wikipedia.org/wiki/Polystyrene
https://en.wikipedia.org/wiki/Carbon_disulfide
https://en.wikipedia.org/wiki/Mylar
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a9 mamweenmalvlihvesaq (€r)
Paper 3.85
Electroactive polymers 2-12
Mica 3-6
Silicon dioxide 3.9

Sapphire 8.9-11.1 (anisotropic)
Concrete 4.5

Pyrex (Glass) 4.7 (3.7-10)
Neoprene 6.7

Rubber 7

Diamond 5.5-10

Salt 3-15

Graphite 10-15

Silicon 11.68

Silicon nitride

7-8 (polycrystalline, 1 MHz)

26,22,20,17
Ammonia

(—80, —40, 0,20 °C)
Methanol 30
Ethylene glycol 37
Furfural 42.0

41.2,47,42.5
Glycerol

(0,20, 25 °C)

88, 80.1, 55.3, 34.5
Water (0, 20, 100, 200 °C)

for visible light: 1.77



https://en.wikipedia.org/wiki/Paper
https://en.wikipedia.org/wiki/Electroactive_polymers
https://en.wikipedia.org/wiki/Mica
https://en.wikipedia.org/wiki/Silicon_dioxide
https://en.wikipedia.org/wiki/Sapphire
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Pyrex
https://en.wikipedia.org/wiki/Glass
https://en.wikipedia.org/wiki/Neoprene
https://en.wikipedia.org/wiki/Rubber
https://en.wikipedia.org/wiki/Diamond
https://en.wikipedia.org/wiki/Salt
https://en.wikipedia.org/wiki/Graphite
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Silicon_nitride
https://en.wikipedia.org/wiki/Ammonia
https://en.wikipedia.org/wiki/Methanol
https://en.wikipedia.org/wiki/Ethylene_glycol
https://en.wikipedia.org/wiki/Furfural
https://en.wikipedia.org/wiki/Glycerol
https://en.wikipedia.org/wiki/Water
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a9 mamweenmalvlihvesaq (€r)
175,134,111, 83.6
Hydrofluoric acid
=73 °C, -42 °C,-27 °C, 0 °C) ,
Hydrazine 52.0(20°C),
Formamide 84.0 (20 °C)
84-100
Sulfuric acid
(20-25°C)
128 aq—60
Hydrogen peroxide
(—30-25°C)
158.0-2.3
Hydrocyanic acid
(0-21°C)
Titanium dioxide 86—173
Strontium titanate 310
Barium strontium titanate 500
- 1200-10,000
Barium titanate
(20-120 °C)
Lead zirconate titanate 500-6000
Conjugated polymers 1.8—6 up to 100,000
Calcium copper titanate >250,000

{ J Y 1 ] <] J ] S o W
A1519% 3.2 ﬂ”lﬂ’l”lllﬁ?JWUﬁ"”Uf’Nﬂ”Ié]??JGD"]ULLNLﬁﬁﬂllﬁ$ﬂ1°L§3J“]5T1J!L3J!WﬁﬂﬁNWVI‘E

4

U

aq MBUTIDIIHED WL | MBI umivanduwng L
Air 1.25663753 10 ° 1.00000037
Aluminum 1.256665 10 ° 1.000022
Austenitic stainless steel 1.26010 °-8.810 ° 1.003”



https://en.wikipedia.org/wiki/Hydrofluoric_acid
https://en.wikipedia.org/wiki/Hydrazine
https://en.wikipedia.org/wiki/Formamide
https://en.wikipedia.org/wiki/Sulfuric_acid
https://en.wikipedia.org/wiki/Hydrogen_peroxide
https://en.wikipedia.org/wiki/Aqueous
https://en.wikipedia.org/wiki/Hydrocyanic_acid
https://en.wikipedia.org/wiki/Titanium_dioxide
https://en.wikipedia.org/wiki/Strontium_titanate
https://en.wikipedia.org/wiki/Barium
https://en.wikipedia.org/wiki/Strontium_titanate
https://en.wikipedia.org/wiki/Barium_titanate
https://en.wikipedia.org/wiki/Relative_permittivity#cite_note-7
https://en.wikipedia.org/wiki/Lead_zirconate_titanate
https://en.wikipedia.org/wiki/Conjugated_system
https://en.wikipedia.org/wiki/Calcium_copper_titanate
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[ L= ] <3 = v & v v d

’J%T({! ATBNBIVUNLTIAD ].l. ANV NBIVUNKIADAUNND ].l.r
Bismuth 1.25643 10 ° 0.999834
Carbon Steel 12610 ° 100
Cobalt-Iron (high permeability strip .

2310 18000
material)
Copper 1.256629 10 ° 0.999994
Ferrite (nickel zinc) 2010 °~-8010 * 16 — 640
Ferritic stainless steel (annealed)  [1.26 10 *-2.26 10 ° 1000 — 1800
Hydrogen 1.2566371 10 ° 1
Iron (99.8% pure) 6.310 ° 5000
Iron (99.95% pure Fe annealed in H)|2.5 10" 200000
Martensitic stainless steel (annealed)|9.42 10 *-1.1910° 750 — 950
Martensitic stainless steel B "
5010 °-=1.210 40 — 95

(hardened)
Nanoperm 1.010 ' 80000
Neodymium magnet 13210 ° 1.05
Nickel 12610 *-7.5410 * 100 = 600
Permalloy 1.010 ° 8000
Platinum 1.256970 10 ° 1.000265
Sapphire 1.2566368 10 ° 0.99999976
Superconductors 0 0
Teflon 1.256710 ° 1
Vacuum (L4,) 41010 1
Water 1.256627 10 ° 0.999992
Wood 1.25663760 10 ° 1.00000043
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o 4 ~ A Y = Y I 1 9 A
AUNNT (&, )Mmaunsi (3.53) HAwndy 0.651 Fanaaalmiuiilaseasie cLWM lian

o 9

amwoan Tihduinsiinlndgud Epsilon Near Zero (ENZ)

3.8 lasaa319MIna1adualIanuULInNUIIN (Coaxial-Loop Wire Medium:

CLWM)
3 { 4 @ [ %
Tassada cowm wuTaseadandsznou lddreruriuiranay 2 219 NUFada0U
A v A o w 2 9 1 4 9 A o o
A9 r, , r, SAMeTULAZ BN MUY BT UAIUgUINaNVBATUAIA(d) NI U9
uraunAulAwIAuAe 0.2 em. fviuald a=r, —r TAuMAY 0.34(~ 9.8 cm) 1o r, T
LY = [ Y =1 1 1 g’; I = LY A o
A 0.454 uag 7, UAMNINDY 0.15A V52821952119 U S UAUNINDY 0.0246A WT1UIU
g’/ 9) 1 4 9 I [ ~ o A
JUHIY 2 FU T URIUFUINA1UTUAIAYDI CLWM 111 d=2 mm a4317 3.17 Fanu1ve3

1 a 4 9 U ] =~ = g ~
mwnmmas%s”lﬂﬂmaamqazmaﬂaﬂmﬂuuwm 4

511 3.17 Taseadra cLwMm
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A A =<K A A
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Tasaa319 wire medium %39 U0N¥8%19AD rodded medium ¥39NA0 IATIA3190111)
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WBDIIUIUGNAAUAD 1 AT TIUINVOUAUAAUNHIUTATIAS I CLWM flo Koy B9

1 [ [ < o [ 1 .. A A

a1 sananvzii ldaamsmaraningounia v (permittivity) Suaunsn (3.55) Tumsm

1 A @ 4 . J v ] a 1 a

A Koy 90UITNAEIITIUNTTY Felifansu F(ass) lueaninsan a.d uaagnasan s
1 J v a @ [

#e (Ari, Sergei, & Pavel, 2002).4nuUANINFULLAAAN (lattice) @ NV S #e F(a/s) asaunis

(3.57) N1FEMTUMITNT Koy AITUNTN (3.55)
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— 2% (3.55)

kéLWM —
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Fa'ladszgndanaumsini livesIassadrauuduaia Ao (Ar, Sergei, 1102 Pavel, 2002)

k2 = 27 (3.56)
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Y Y o o o Ay a A =)
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apumnunidaluglamaeuigie paziduadatuduas Tﬂmﬁ'uwmquﬂﬂmwmmu
1 ] 1 ~ g 1 Y
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1 a 21 a T a
F(a/s)=—=log| — |+ ) —| coth| #m— |-1 [+ — 3.
(als)==3 g(sj Zlm( (” sj ] 1.8785(sj 357

210 (3.57), MWIINADI NNIZANYDI CLWM N1A2148 922.5 MHz 923a1 69311 (@/s) =
12.25 uazAlanFuvesdns1aIu F(a/s) iy 19.9428 uazananuulszunavesiandu

F(a/s) 22 lamaseunisi (3.58)

F(als)~ 2 {(%1 }‘ngz(z}(ﬂ/g)z 658

18785 |\'s ) (a/s) 2
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Anlandu Fa/s) nuudszuianin (3.58) 1214 19.8683 1w 'la311da 10 ladiRe e uay

4 J v [ o 1 { 4 [V
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1 (3.59)
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Frequency = 922.5

Main lobe magnitude = 0dB
Main lobe direction = 90.0 deg.
Angular width (3 dB) = 91.2 deg.

180

~ 1o o /A
:.jiﬂ‘]/] 4.4 Llll“].lqﬁjﬂﬂ1ﬂLWﬂ']ﬁ\ﬁJuigu']L]Jﬂi'l'Jﬂﬁllﬂﬂ

a A

> 3 o=
g‘ﬂ‘ﬂ 4.5 E]iJ‘Wl,!,ﬂuG]f"llﬂﬁﬁ1ﬂﬂ1ﬂ1ﬁIMIuIWﬁUu5$u1Uﬂﬁ’mmmﬂ

e
423 e MANIUINADUNTIATURNYN 55 D91 €13 0.251
Y A [ o vy 1 Y
MUNMIUTuYNYIITUIUNT YDA 1891 e T Tu Tnana sz danalian
a A 4 2’, d' & [ Y 9 o"g’/ [
dunuauguosaeoInaiualasull Feeundnmsudidiszuiuningaenndua1eo 1N e
A1 a A o I = = "9 [ = 1
wiimouiivaudmiluaimilsaivemalalna uadyuiaanaieonsaluTuTnaliswinn i

9 T A A 4 A d%’
90 DIALLATY ADUNUAUBITIWNUU



50

Frequency = 922.5

Main lobe magnitude = 0de
Main lobe direction = 92.0 deg.
Angular width (3 dB) = 84.5 deg.
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SRR Semi-Circular Cylindrical for Radar System

Bapin Kudpikl, Rangsan Wongsan 2,
1.2 School of Telecommunication Engmeenng, Suranaree University of Technology,
111, Mzha Witthayalai Rd, Suranari, Mueang Wakhon Ratehasima Distriet, Nakhon Ratchasima 30000 Thailand

Abstraer - This paper present the SRR semi-circular
cylindrical for improve the bandwidth and gain for radar
system, white is radiation patterms mo difference. The
parameters of SRR plate analyze from receiving frequency of
radar and that bend with circular cylindrical The simmlation
results of CST-microwave stmdio shows that the negative
permeability, permittivity some frequency band.

Index Termizs — Antenmas, propagation, EM wave theory,
AP-related topics.

1. Introduction

The target is improve gam of primary feed of radar system
without effect to radiation pattern, because the radiation
pattern is promary for feed to reflactor radar, if the wada-
beam width angle that spillover radiation at secondary feed
(reflector radar), In opposite if the narow — beanmndth angls
(less than subiended angle) that low efficiency radar system
There 15 more than one methed for increasing the gam of the
antennz. For exampls, you can reduce HFEM or reduce side
lobe level although that method will affect the radiation
pattern of the antenna. But there iz one method with no effect
on radizfion pattern. It 15 the mefamaterial: method.
Metamaterials are not real matenals in the world but them
ocour with positton, size of matenal infersect with some
frequency band for ocewr negative permeabiliy and
permitiivity and the Shp ring resenater (SRR} shuctore 15
supports negative permeakbility.

1.  Antenna Configuration

Split nng resonators (SRR [1] consist of two rectangular
lines, an inmer rectangular hne embedded m an oufer
rectangular line with a split on the other side  Afier that, The
SRR plate 15 bent with semi-cireular cylindnical for reduce
area, appropriated for work and bandwndth enlarpement The
SRR protoiype for fuhwe expenmentzfion application is
shown in Fig. 1

) :
Fig 1 The SER Unit cell.

For Identification Friend Frequency (IFF) band of radar
system there has two frequencies are 1. 03GHz for sending to
target and 1.09 GHz for receiving sigmal form the aweraft
transpender. Therefore, the SRR plate 15 design with the
receiving frequency. So the L] is the SRR outer length that
1z analyze from quarter wavelength: The 5 15 distant of end
line initial with4/ 64 The w is width of SRR stip line. The
gap 15 distance between two ship rectangular bnes; the 1.2 15
difference of L1, w and gap. After that, the SEF. plate 15 bent
with semi-crrenlar eyhindrical at the radins (r) 2.25 em.

TABLEI
Initial value of SRR unit cell
|Puma—=|Ll|12|;np|s|w|r|
[Vahegm) [ 68 [ 58 [ o5 Jo9a [ o5 [ 225

3. Simulations results

15 — el | o bl )| a8

» Rl b ——lnfs | | w

as ns or %] .'.MI:L:I.",I 12 L 14 15
Fig 2 Real and Imaginary part of Permeability and
Parmuttrvity

Fompercy f (2

Fig 3 Retnm loss
From the fig. 2, the permithvity i real and magmary parts
are negative at 0.5-0.9 GHz, and real permmitrvity will back
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negative agam at 1.3-1.5 GHz, then permeability at 1.0-
15GHz in imaginary part that is pegative value that
permiftivity and permuttivity are analyze with Nichelson —
Ross — wer (NEW method) [2]-[3]

From the fig 3, the 5, results that are create form
monopole on ground plane and reflector in back (Mo SER;
blue color) after that there is SRR plate in front probe (green
coler) and last the red coler 15 SER. semi-circular eylindrical
i front probe. The blue color that 15 respond at the frequency
desire 109 GHz and cover band IFF frequency. The green
color is reflection coefficient affect from matching system
because the SER plate put on in front the probe. And the red
coler is result of the retwm loss with SER semi-circular
cyhndneal put on the probe, the effects to bandwidth enlarge
and there are best at two frequencies respond at 1.05 GHz
and near 1.3 GHz

NV,

" el ™

Fig 4 Flevahon patterns (a) elevation (b) azinmth

N R

:-., v ) GHE
Fig 5 Dhrectivity

The fiz. 4(a) iz shown the slevahon patterns mn yz-plane,
there are same the main angle beam at =30 degrees all case
at ¢ = 90 degrees and fiz. 4(b) iz shown the zzimmth
patterns m xy-plane at @ = 0 degress, the mam beam of left
hand side and nght hand side there are same angle at 30
degrees. Therefore mam divection beam there are not @ at 0
and 90 degrees. But all cases that have the HPEW are same.

The directivity is importance for communication system,
from fig. 5 this commmumcation system 15 support at .9 GHz
becanse the all cases that are same lewel and there are
appreximate 7.75 dBi. For SRR semi-cireular cylindneal is
same Mo SER curve but that is better at 1-1.5 GHz=.

4.  Conclusion

The radiation patterns ameng SRR plate, semm-eweular
cyhndneal and no SRR are not difference, which 15 the zood
pomt because it is pnmary feed in radar system the SRR
semi-cirenlar  eylindrical ecans reduce area  struchwe

]

increasing gan and enlarge bandwidth The value of the
permitiivity and the permeability 15 negative some frequency
depends on SRR size and SRR pesiion And last the
parameters of the anterma structure can improve for
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Abstract -In this paper, the bandwidth enlarge ment method
of the conventiona A4 monopole antenna on finite grownd
plane is investigated for uwiilizaton in IFF ddentfication friend
or foe of the secondary radar the operating frequencyl 03-1.00
GHz_For the nitial study, we have proposed the structure of the
resomant holes on the surface of a sector of metallic cylinders
covering such the monopole that placed on the circular ground
plane  with /2 of radius. The smulaton results such as
reflection coefficients (S, gains, and radiation patierns of four
different structures are analyzed by wsing CST microwave
studbosoftware. We found that its bandwidth could be enlarged
to the mavimum valwe around 8681+ at 8,10 dB when the
opposite side of the proposed structure is freespace. However,
the gain at the desred bandwidth is not much increased while
the higher frequencies can  provide the higher galn.
Furthermore, it is found that the radiadon patterns of four
cases stlll be similar even though the monopole is covered with
the different structure

Tdex Terms — bandwidth enlargement, metallic holes
structure, monopole amtenna

1. Introduction

The conventional anterma systern of the secondary radar
(radio detection and ranging) based on the parabolic reflector
and the pyramidal horn has been wsed for detection and
finding the position of tarpet such as aircraft, warship, and
wehicle. In case of the secondary radar to detect the amraft,
the inside of the pyramidal horn antemma consists of the main
probe for target detection and the IFF probe for target
identification (friend or foe) [1]. In this paper, the IFF probe
is only focused, since it is the conventional A4 monopole
and made from a small metallic rod, which provides the
narow _bandwidth Moreover, when this monopole is
opemted together with the main probe of radar, causing its
matching degraded Therefore, our aim for development is to
enlarge the bandwidth and to make the better matching for
the conventional J/4 monopole above ground plane [2]-[3]
Furthermore, the most importance is to keep the hal fpower
beamwidth of this monopole to-avoid the change of
pymamidal horms pattern after mstalling inside:

2. Configuration of the proposed antenna

The configuration of the metallic holes structure [4]-[5]is
shown in Fig.1.Such the structure is made from the metallic
sheet with the width mnd the height are A4 and /10,
respectively. The diameter of each hole is equal to A/50 and
spacing between the adjacent holes is around 3/200 as shown

978~ 1-3386-0465-6/17/83 100 ©2017 IEEE

in Fig.2 (a). However, the desined structure is the metallic
holes on the surface of a sector of cylinder, such that, the
planar structure will be shaped to be the cylindrical carve
with &/22 of radius, as shown in Fig2 (b).

oA

A4

-
{4) Planar structune {b) Curved structure
Fig1 Configuration of metallic homns structures

In order to meet the inital results of the performance of the
referent antenna, we started to design a A4 monopole
antenna above a circular ground plane with W2 of the mdius
by using CST simulation software After that, the resonant
holes on the surface of a sector of metallic cylinder with
three different mediums such as metallic curved sheet, free-
space, and dielectric curved sheet (FTFE with & =21,
which each one is placed at the opposite side of the metallic
holes structure as depicted in Fig 2

L LLSRRE
wee

fe) (d)
Fig 2. Monopole antenna on a finite ground plane without
and
with the different structure of metallic holes:
(a) single monopaole, (b) with metallic curved sheet,
() with free-space, (d) with diclectric curved sheet

ISAP2017, Phuket, Thailand




3. Simulations results
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Fig. 3 Comparizon of simulated reflection coefficients (5y,)
against frequencies of each structure,

Fig3 shows the simulated reflection coefficionts (5,) of
W4 monopole mtenna with four different structure. Graph (a)
mepresents the $;, of 2 monopole on ground plane, in which
provides the handwidth amund 364 MHz or 33 39%. After
that, the metallic holes structure with metallic curved shect is
covered on this monopole. It is found that the 8, is very poor,
as illustrated with graph (b). However, then we move the
metallic curved sheet out, causing the media is changed to be
frecspace, as depicted in Fig2 (c) Thus, the reflection
cocfficient is recovered to the very good matching and to
provide the wider bandwidth (86.81%), which illustrated
with grmph (c), as shown in Fig3 Finaly, we womr the
metallic holes structure with diclectric curved sheet onto the
monopole. We found that the bandwidth of antenma is
narrowed a little bit when compared to a green dot line,
while the impedance matching at 1.42 GHz of froquency,
which displaved with graph (d}, is better than of the previous
one.

G (TEEE) [Mizainads i 0]

an 1 nz 1 18 B ]

ey | e
Fig4 The companson simulated gain of 8 monopole
with the proposed stuctures of metallic holes

The simulated gain comparison of a monopole with and

without the different structures of metallic boles are

displayed in Fig4. We found that the J/4monopole above a

circular ground plane, which is operated together with the

metallic holes structure withowt amy media in the oppaosite

side, could provide the maximum gain around 7.8 dB at the

higher frequency, while the gain at 1.03-1.09 GHz of [FF
frequency band will be not much improved.

978~ 1-5386-0465-6/17/831.00 2017 IEEE

(a) E-plane

Fig. 5 The simulated mdiation patterns of a monopole
with/without different metallic holes structures

{b) H-plane

Fig. Sshows the mdiation patterns in E- and H-plane of a
monopole above ground plane with the conditions as
mentioned above. It is found that the radiation patterns of
every cases are mther similar, as we required. However, we
found that the radiation pattems in case (d), the power
density that radiated n H-plane is a little bit reduced at the
opposite side of metallic holes stucture due to dielectric loss.

4. Conclusion

The conventional A4 monopole antennma above a finite
circular ground plane has been improved the frequency
bandwidth for utilizing i the vanety of application,
cspecially, the IFF system of the secondary aircraft radar.
With the cylindrical structure of the metallic holes worked
together with the different mediums i the opposite side, the
bandwidth of the conventional A/4 monopole is enlarged up
to 86.81% at the uppar frequency band. Furthemmore, such
the monopole still able to keep the original mdiation pattern,
while its gain is mised up a little bit. However, these results
will be further studied by installing the monopole with the
selected structure of metallic holes into the pyramidal hom.,
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Abstract- The gquarter-wave monopole antenna is favorite to
mse in wireless communications dwe to provide wery good
omnpidirectional pattern and ease to fabricate In this paper, we
presents the application of this anfenna to wtilize for low-power
FM broadcasting station at 100 MHz of operating frequency.
For performance improving of this antenna, we focnsed on the
gain increment and retaiming the ommidirectional patterm The
circomferential wire medinm, which made from alminom
wires are mwsed to achieve our requirement by smrrounding fhe
given monopole The simulation results of the proposed antenma
sach as reflection coefficients (5, gaims, and radiation are
analyzed by wsing CST software We fonnd that its realized gain
i imcreased to the marimum value around 3.427 dBi, while the
radiations patterns still is retained to be the omnidirection as
same a5 the pattern from comventional monopole. Furthermore,
it is found that the proposed wire medinm can encenragzes the
quarter-wave monopole to meet the better matching (S, = 45456
dB at 100 MHzn.

Index Terms — Wire medinm, metamaterials, quarter-wave
monopale, broadcast station.

1. Introduction

Presently, the mmbers of commmmnity Fhd broadeastmg
stations in Thailand are avound 4,000 stations. The mnportant
problem of these FM stations 15 mahility to purchase for the
high quality and standard squpment for thew stations such as
fransmiiters, fransmission lines, anfennas, ete In which case,
mfermodulation can be caused by non-lnear behavier from
such no guality aquipment thzt meveases the occupied
bandwidth, leading to adjacent channel mterference and
mierfering  the aeronautical radio, ewven though the
transmstted power 1= not over 300 watts [1]. In thus paper, we
have only focused on the broadeast antenna by cheosing the
conventional gquarter-wave monopols on ground plane to
n:np\rmae s performance, especially prowviding the higher
gain, narrower bandwidth retainmg the ommnidirectional
pattern o zzimwthal plane, lower nde lobe, and abibty of
medim power handling.

Eey device of owr research is the cirenmferential wire
medmm which 1= a subset of metamatenals. This device
consists of two cocumferential wire medinms of different
radms, suroundmg the conventional quarter-wave monopole.
The advantage of the proposed antenna 15 able to mount on
the top of the antenna tower, cansing the radiation pattern m
azimmthz] plans are close to ideal ommidwection Moreover,
this proposed anterna does pot peed any power divider like
as the side-meounted array antenna Therefore, the power loss
m phasing lnes are reduced too. In ressarch process, the
geometrical structure of such monopele antenna withwithout

the wire medmm is caleulated and optimized by wsmg CST
simmlation  soffware Lastly, the smomlzted results are
conpared, discussed and concluded

2. Configuration of the proposzed antenna

The confizwation of the conventional quarter-wave
monopole on ground plane s shown m Fig l. This monopols
antennais designed for 100 MHz of operating frequency m
FM band It consists of 1y anabomimmn whip with beight
L =8525 cm, 3 om of diameter and 2 soreen elements of
the radial ground with length of each element L, =20 em
(= Af153, 1 cm of diameter, and tilt angle (@ ) is 35 degrees.
While the structure of circumferential wire mednum [2],[3] as
shown m Fiz.2, consists of two circular nngs havms
differant radms; the mper ring has the radms 4 =29 cm
while the outer rmg has the radins 7+ =118 cm All
circular rngs are made from alwmmmm wires with dmeter
d=1 cm However, the mmlti-layer of two circular nngs are
deswed for covermg the total height of guarter-wave
monopole and ifs ground plane Therefore, CST sinmlation
software 1s used to optmuze the proper mmmber ¢ of efrcular
g layers We found that formimg of 13 layers of two
circular nngs with spacmg (5 ) between layers equalsto 12
em are the most optimized conditton All parameters of
structure is summarized m Table 1.

=5
| J 2N

/ I\ °’ )
i

Fig.1 The geometry of A/4 monopole on radial ground [4],[5]

L.
" ! ¥ | Eir,
e .H‘ﬂ v
Fig.2 The geometry of Af4 monopole surrounded with

cocumferential wire medium
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Table 1. Summzary of parameters of the proposed antenna,
@ (deg.) n
vahe e 12 89 29 35 13

parameters 5 rZ rl

3. Simulationresults

The sinmlate results of the reflection coeffictents of the
quarter-wave monopole on radiml ground wath'wathout the
crrcumferential wie medmm ave dhestrated m Fiz 3. We
found that the proposed amterma is able to retam the
frequency bandwidth around 7.653 MHz at 5, =-15 4B
comparng to the bandwidth of the conventionzl monopols.
While the very good matching is at 100 MHz at 5 =-48.68
dB, which 1= better matchmg than the conventional ons.

— I

™ /’
8 v

¥

Fig 3 Smmlated reflection coefficients (S)pof the Af4

monopole on radial ground with'without
circumferential wire medmm.

Fiz4 shows the smmlated resuliz of the realized gaim
especially, m FM band (88 MHz to 108 MHz). It 1= seen that
the realized gains of the gquarter-wave monopole that
smrounded with the croumferential wire medinm, are higher
than the gains of monopole without the wie medium.

Fiz4 Smmlated results of reahized gam of the 44 monopols
on radial ground with'writhout crrcumferential wire
medium

In addition, the radiation patterns m azinmthal plane of the
quarter-wave moropole with'without the emweumferential
wire medium are displayed m Fig 5. We notes that the both
cases provide the same ommidwectional pattems in the
azimmthal plane as shown m Fig 5(3). Whereas the
normzhzed radiation pattern m the elevation plars as shown
m Fiz. 5(b), the halfpower beamwidth (HFBW) of the
quarter-wave monopele on radial ground with the
cocumferential wire medium 1= namvower than the HFEW of
the conventional monopele. However, 1t 1= found that both of
patterns in the elevation plane have o side lobe.

2018 Intemational Symposium on Antennas and Propagation (ISAP 2018)
October 23~23, 2013/ Paradise Hoted Busan, Busan, Korea

(2 Ammuth

ity Elevation

Fig # Nommalized radiation patterns of the 14 monopole on
radial ground with/without errenmferential wire
medmm.

Table 2 Performances of /4 monopole antenna (a) with
and (b without cocumferential wire medium.

(@100 M= monopole monopoleswires
Total efficiency 09908 1002
Fealized Gain «dBy 1974 3427
HPEWidegy 834 44
Bandwidthi-15dB MHz 017 7653
S, By 24306 48586

4. Conclusion

The quarter-wave menepele on radil ground surrounded
with the structue of cocumferential wioe medmm can
provide the realbized gam over comventional guarter-wave
monopole aronnd 1453 dB. Furthermore, the simehure of
crcumferental wire medmm can encowages the gquarter-
wave monopole to meet the better matchmg (5, = -48.686
dB at 100 MHz). Whie the radiztion patterns 15 quite real
ommdirsction and have no mde lobe, which are appropriats
for broadeasting FM siznal In the fuhure work, the fraquency
bandwadth of thi= proposed antenna will be narowed to meet
the desired bandwidth around 1 MHz.
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EFFICIENCY IMPROVEMENT FOR QUARTER-
WAVELENGTH GROUND-PLANE MONOPOLE
ANTENNA BY USING COAXIAL-LOOP WIRE

MEDIUM (CLWM)

Running head: Gain increment of monopole antenna with metamaterials

Rapin Kudpik* and Rangsan Wongsan
School of Telecommunication Engineering, Institute of Engineering, Suranaree
University of Technology, Nakhon Ratchasima, 30000, Thailand.

E-mail: rapin56_1@hotmail.com , rangsan@sut.ac.th

Abstract

The Narrow Band Internet of Thing (NB-IoT) system needs the high-gain
omnidirectional antenna since it can efficiently transceiver the signal to/from
IoT devices that surrounded itself. Therefore, this paper presents the method
for increasing the gain of primary quarter-wavelength monopole antenna
using the structure technique of metamaterial, which yields the exact

omnidirectional pattern as we required. The metamaterial structure, which

1
| 4

we so-called coaxial-loop wire medium (CLWM), c of a mc
antenna surrounded by multi-turn of small conducting wire loops,

surrounded by an air layer and surrounded by multi-turn of larger

conducting wire loops. Therefore, the term coaxial loop comes from the inner
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and outer wire loops sharing a geometric axis. The proposed CLWM was
verified that be metamaterial by using the simulated results (S;;and S5;) from
CST software and then compared to the measured results. After that, the
permeability, permittivity, and refraction index near zero are calculated by
using Nicholson-Ross-Weir (NRW) method, respectively. Finally, we found
that the CLWM operates with a monopole antenna can provide the
omnidirectional pattern on the azimuthal plane, whereas, in the elevation
pattern, its beam width is reduced, causing the realized gain of the

conventional monopole is increased around 3.43 dB.

Keywords
Gain improvement, Wire medium, Monopole Antenna, Omnidirectional

Pattern, Metamaterials

Introduction

Narrowband Internet of Things (NB-IoT) is a Low Power Wide Area Network
(LPWAN) radio technology standard developed by 3GPP to enable a wide range
of cellular devices and services in 2016. (Svetlana, 2016) Later, The GSMA
Mobile for Development Foundation, Inc. announced the Extended Coverage
GSM IoT (EC-GSM-IoT), which is a standard-based Low Power Wide Area
technology. It is based on GPRS and designed as a high capacity, more extensive
coverage range, lower energy consumption, low complexity cellular system, and
allowing the creation of large groups of stations or sensors that cooperate to share

signals for IoT communications. The EC-GSM-IoT network trials have begun,
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with the first commercial launches planned for 2017. Supported by all major
mobile equipment, chipset, and module manufacturers, EC-GSM-IoT networks
co-exist with 2G, 3G, and 4G cellular networks as a subset of the LTE standard,
but limits the bandwidth to a single narrow-band of 200kHz. (EC-GSM-IoT",
2016) , (Stephen, 2015) For supporting the concept of the IoT, a wireless
networking standard of IEEE 802.11ah, which is published in 2017 (IEEE
Computer Society, 2016), has been used to be protocol of NB-IoT. It uses 900
MHz, license-exempt bands, to provide extended range Wi-Fi networks,
compared to conventional Wi-Fi networks operating in the 2.4 GHz and 5 GHz
bands.

There is a prediction that in 2025, there will be more than 75 billion devices
connected to IoT. Therefore, the demand for supporting wireless networks is
rising. However, to support the more full coverage areas that are a part of the IoT
concept, the appropriated antenna for such the IoT network is proposed. In this
paper, we offer the improved performance for the primary monopole antenna that
easy to fabricate and provide the omnidirectional pattern in azimuth plane by
using the structure technique of metamaterial placing surround a monopole
antenna.

The monopole antenna sometimes called the Marconi antenna was invented in
1895 and patented 1896 by radio pioneer Guglielmo Marconi. This antenna type
is a resonant antenna oscillating with standing waves of voltage and current along
its length, which the wavelength of the radio waves determines its length. The

most common form is the quarter-wave monopole, in which the antenna is
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approximately one-quarter of the wavelength of the radio waves. (Wong, 2012)
(Marconi, 1897). Although the monopole antenna provides the actual
omnidirectional pattern, it still provides the low gain. Our proposition is how to
increase the gain of the monopole antenna, whereas it still provides the
omnidirectional pattern.

The gain of monopole antenna can be increased by using the favour methods,
namely, the length increment and array. However, the antenna length increases,
even though the directivity also increases with length but not enough as we
required. Besides, if the length of monopole increases beyond one wavelength

(1>2), the number of lobes begin to increase. Besides, the directivity

improvement of the monopole antenna without increasing the length of the single
element, the multi-elements of monopole may be formed to be circular array.
However, even though this array type can provide a pattern similar to the original
monopole pattern, but the number of lobes still be increased (Balanis, 2005).
Therefore, in this paper, the circular-loop wire medium is proposed to increase the
gain of the monopole antenna and retain the feature of the omnidirectional pattern.

Generally, the monopole length is calculated from the wavelength of the operating

: : ; c

frequency according to the equation of 4=———=, However, we can
oty X &y

reduce the physical size of the antenna by increasing the effective permeability
and effective permittivity, which surround the structure. We can observe that
when two such parameters are equals, then the antenna length equals the

wavelength in free space.
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Therefore, this paper presents the method to increase the gain of monopole
antenna with Coaxial-Loop Wire Medium (CLWM) that without any phasing line.
Furthermore, the CLWM structure provides no sidelobes, while the obtained main
lobe still be retained to appear on the broadside of the monopole axis. In this
paper, the radii of two loops of the CLWM structure and gap spacing between the
adjacent loops are calculated and optimized the proper values of the effective
permeability and effective permittivity of CLWM metamaterials by using the
technique of Nicolson Ross Weir and using CST-Microwave studio software for

calculation at the frequency band of 920 MHz - 925 MHz for the NB-IoT system.

Theory and Configurations

Monopole Antenna Covered with CLWM and Simulation

From the image theory of ordinary dipole antenna, a monopole antenna can be
visualized as being formed by replacing the bottom half of a vertical dipole
antenna with a conducting plane (ground plane) at right-angles to the remaining
half. The radiation pattern of the monopole antenna can be calculated by using
this image theory. When the ground plane is large enough, the radio waves from
the monopole (upper half above ground plane) reflected from the ground plane
forming the missing half of the dipole. Thus, the radiation patterns of the
monopole and dipole are similar. Whereas the radiation resistance of monopole
antenna is half of the dipole antenna and the radiated power of monopole antenna
is double of a dipole antenna, causing monopole antenna provides a gain of twice
(3 dB greater than) the gain of a similar dipole antenna and HPBW is half of the

dipole antenna if it is mounted above a good ground plane.
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Whereas, the structure of CLWM consists of two circular rings that have a
different radius made from aluminium wires with 1 mm of diameter (d). The radii
of the inner and outer rings are r; and r», respectively. as shown in Fig. 1(a). A
quarter-wavelength monopole antenna is made from the copper wire with 2 mm
of diameter and 7.82 cm (0.24%) of the length, and four-radials ground plane with
4.9 cm (0.151) of the length is inserted at the centre point inside the inner ring, as
shown in Fig. 1(b) and (c). Besides, the four-radials ground plane of the monopole
is down at an angle of 55° to increase the input impedance of monopole to around
50 Q, while at the same time lowering the radiation angle more towards the
horizon. In order to optimize the dimension of the proper CLWM for a monopole
antenna, firstly, the parameters ry, r», the number of inner/outer circular loops (n),

and the spacing (s) between the adjacent loops are adjusted.

From the simulated S, in Fig. 2, we found that the proposed antenna can provide
the excellent impedance matching at 922.50 MHz of the desired frequency when
ri, r2, s and n equal to 0.154(~4.9 cm), 0.454(~14.6 cm),0.0252(~ 0.8 cm)
and 13 turns, respectively. Furthermore, it is shown that it can provide a wider
bandwidth (~301.2 MHZ@ S, =—-10dB) when compared to the obtained
bandwidth from a single monopole (~166.86 MHZ @ S, = —10dB).

From the comparative simulated 3-D radiation pattern in Fig. 3 (a) and (b), we
found that a monopole antenna with CLWM not only provides the higher gain but

also provides higher radiation efficiency (e, =0.03540 dB) than the efficiency of

a single monopole (¢, =-0.01315dB). Furthermore, it can yield the exact
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omnidirectional pattern as we required, as illustrated in Fig. 4. Moreover, the co-
and cross-polarizations of monopole antenna with CLWM are also considered.
We found that the magnitude of power patterns for the resonant frequency of
922.5 MHz at 0 = 90 degrees provided the cross-polarization higher than 150 dB,
as shown in Fig. 5. Thus the proposed antenna structure provides only vertical
polarization.

Besides, we also investigated the length of a single monopole ground plane
antenna without CLMW that can provide the gain near to 3.139 dB at 922.5 MHz,
which obtained from our proposed structure, as illustrated in Fig. 3(b). From the
simulation, it is found that the length of a single monopole antenna is around
19.33 cm (0.595%), it can provide the gain around 3.147 dB. However, we found
that the input impedance of this menopole is rather high since the current
distribution at feed point close to zero. Even though some matching transformers
can be utilized for matching input impedance close to 50 Q, but power loss in the
transformer will also be increased. Moreover, the radiation angle is directed to the
sky instead of towards the horizon.

After the proposed antenna structure was optimized as abovementioned, the
electromagnetic waves from monopole antenna can radiate pass through the
CLWM structure, efficiently, since the vector of electric intensities of monopole
and CLWM have the same direction and matching perfectly. Secondly, the
wavenumber of waves (ke,) that travel through CLWM will be investigated to

find the frequency-dependent permittivity of CLWM structure in the next step.

90



163

164

165

166

167

168

169

170

171

172
173

174
175

176

177

178

179

180

181

182

183

184

185

From literature review, Pendry and research team proposed a mechanism
for depression of plasma frequency into the far-infrared passing through the
periodic structures built of very thin wires (Pendry, Holden, Stewart, & Youngs,
1996). After that, Capolino had mentioned about effective medium model and
strong spatial dispersion in wire media, which consists of an array of parallel
conducting thin wire (Capolino, 2009) by referring the most generally used
formula for the plasma frequency that was proposed by Pendry but it is in term of
the plasma wavenumber (kpasma). In this paper, we have modified such the

formula for our CLWM structure. It can write that

2r

k,:mw,,. o %
asln| —
d

Where a represents the distance of the annular spacing (r, —r) that equals to

(1

0.34(~ 9.8 cm) and d is the diameter of aluminum wire.

However, since our structure consists of multi-coaxial loops, therefore, the
relation between annular spacing (a) and spacing between the adjacent loops (s)
must be taken into account. Belov was reported the dispersion of dense grid using
the Taylor expansion of sin and cos functions of small arguments to analyse the
wavenumber as a function of the lattice constants or spacing between adjacent

wires (Ari, Sergei, & Pavel, 2002). Here, we introduce instead of the lattice

parameters a and s, their product equals to vas, and their ratio is als, we can

write the equation for wavenumber (k.,.,,) of CLWM structure as
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2 2z

Kom=—7—F————=
as lnE+F(a/s)
27d

2

Where F(als) in (2) represents the function of a ratio of the distance of annular

spacing and spacing between the adjacent loops, as expressed in (3).

1 a =1 a V4 a
F(als)=—=log| = |+ —| coth — -1+ - 3
(” %) 2 Og(x] ,,,Z::m[w [mn A\'] ] 1.8785(.\') @

From (3), substituting the optimized parameters of CLWM structure into (3), then,
we found that the value of k., is the most appropriate for the desired frequency
of 922.5 MHz with the ratio of (a/s) = 12.25 for a fixed cell area. A numerical
investigation shows that function F(a/s) can be approximated in the following

manner:

log?| & +(z/3)
F("”)zﬁ{%}(als)}‘g(# )

This application is adopted to give the best results for ratio of (a/s) = 12.25, where

F(als) = 19.94276 that close to 7/1.8785. Besides, equation (2), we can define

the resonant frequency of CLWM structure, as given by

-1
Satwm =€ JZ/MX[lnE*}- F(u/S)J S)
d

The ratio of (a/s) that effects to the resonant frequency (fowm) of CLWM structure
is calculated from (5) and plotted, as shown in Fig. 6. It is shown that the most

proper ratio (a/s) at 12.25 provides the desired resonant frequency of 922.5 MHz.
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Besides, when we take into account the effect of the ratio (a/s) into (2), the
calculated wavenumber Ky is around 19.03 rad/m. However, in Fig. 7, we
observed that the wavenumber kqwm of waves travelling through the CLWM

structure could also be changed when the ratio (a/s) changed.

Since the structure of CLWM is assemblies of multiple conducting loops
fashioned from aluminum wires with a and s are around 0.34and0.0254,
respectively. We can analyze the property of the dense grids of this structure in
terms of the effective permittivity in the quasistatic limit by reforming the
dispersion equation such the method, the magnetic property of media will be not

taken into account, whereas the equation of a frequency-dependent permittivity

(gw )can be expressed in (6).

k:’.
E.r :50[1——‘]:“11] (6)

This result from (6) can show that &4 <0 for k<k and 0<g,; <1 for

clwm

k >k where k is the free-space wave number. After we substitute the values

clwm *
of parameters into (6), we obtained the calculated effective permittivity of this
structure is around 2.642 x 10" F/m. It is seen that the value of effective
permittivity near to zero or so-called that ENZ (Epsilon Near Zero), which is a
property of artificial material or metamaterial (Antonio, Barroso, & ‘Castro, 28
October 2013), (Wu, et al., 2005) in the class of Near Zero Refraction Index

(NZI) (Spada, 2017).
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EXPERIMENTAL RESULTS

In order to characterize the reflection and transmission coefficients of
CLWM structure, a measurement setup is prepared, as shown in Fig. 8. The
measuring system is located in a hostile environment that appropriated for allows
non-destructive measurement. The receiving and transmitting antennas are located

with the distance in the far-field region for measuring Sj; and S>; of CLWM. The

proposed antenna is connected to port one as the transmitting antenna. In contrast,
the second single monopole that is designed at the same resonant frequency as the
receiving antenna is connected to port two of a vector network analyzer. The
comparison measured results of S;; of CLWM structure, as shown in Fig. 9. We
found that the resonant frequency of the measured result is at 922.50 MHz as
same as the simulated result and still be good agreement when compared to the
simulated result. In Fig.11, the measured S21 of the transmitting antenna (a
monopole with/without CLWM) and the same receiving antenna is illustrated to
consider the difference of transmission coefficients (around 3.43 dB) between a
single monopole to the receiving antenna comparing to the proposed antenna.
However, we also measured the gain of a monopole separating from CLWM
structure and found that it provides the gain of around 1.3 dB. When this
measured gain plus with 3.43 dB, we can obtain the gain of a monopole with

CLWM around 4.73 dB.
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In Fig. 10, it is seen that the magnitude of measured S, at the same
resonant frequency of 922.50 MHz for a monopole antenna with and without
CLWM are around -28.65 dB and -32.09 dB, respectively. Therefore, the gain of
a monopole antenna with CLWM can be approximated by considering at the
different magnitude of S»,. Therefore, its gain is around 3.44 dB over the gain of a
single monopole, approximately.

In Fig. 11, we show the good agreement between measured radiation
patterns in both E- and H- planes of a monopole antenna with and without CLWM
structure. It has to be remarked that the radiation patterns of a monopole with
CLWM is very close to those of a monopole without CLWM. It is shown that our
antenna provides the exact omnidirectional pattern as we required. The 3-dB
beamwidths of a monopole antenna with and without CLWM in E-plane are
62.9" and 84.3", respectively.

Three geometric parameters of CLWM structure play a critical role for its
matching: the inner radius ry, the distance of the annular spacing (a) and the
spacing between the adjacent loops (s). When these parameters are optimized as
abovementioned, the ability to match the input impedance of the proposed
antenna very easily, as displayed in Fig. 12. It displays the input impedance of a
monopole antenna with CLWM at the resonant frequency of 922.50 MHz is

around 50.346- j1.973 Q.

To confirm that our CLWM structure characterizes the electromagnetic
properties of metamaterial and provides the epsilon near to zero. We used the

Nicholson-Ross-Wier (NRW) conversion process (Capolino, 2009)and (Rothwell,
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Frasch, Sean, Chahal, & Ouedraogo, 2016) to calculate the relative permittivity
(¢,) of the CLWM structure. The NRW method used the measurements or the

numerical results of the reflection coefficient (S;;) and transmission coefficient
(S21) of such the structure located at the middle position between Tx and Rx
antennas, as defined as the ratio of reflected or transmitted transverse electric field
to incident transverse electric field at the planes of CLWM structure. In general
case, the S-parameters can be written as

r(1-7°) T(1-1?)

Sy =—— 5,/ =———. 7
" 1-r? A 1 i @

These parameters can be obtained from the network analyzer or numerical results.
The quantities I'can be determined from the relation of S); and S5, in term of X,

given by

slzl _Slzl +1
2§

S (8)

1

The solution of the reflection coefficient is

D XX S, 9)

where |F| <1 is required for finding the correct root and in terms of S-parameter.

Once TI'is determined, the transmission coefficient (7) is found as

- Bty T

= & 10
1-(S,, +5,,)T R

As abovementioned, since the structure of CLWM is rather dense and considered

in the quasistatic limit, which the magnetic property in the material is neglected.
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Therefore, only the relative permittivity (&, )of the media will be determined by

using the expression

1-r)' (. 22\ 2
6,=#,( )z(l—'{,]/l—,# (11

where A, is free space wavelength, A_is the cutoff wavelength. However, this is
only valid for permittivity measurement as this equation assumes #, =1.

By measuring the amplitude and phase of reflection and transmission
coefficient in the laboratory, we obtained S, =0.122882-86.909" and

S,,=0.21246£121.581 . Substituting these values into (7)-(8) and then bring

results substituting into (9)-(11), we obtained the relative permittivity (&,) is
around 0.647. Finally, we converted &, to the frequency-dependent permittivity
(£, ) is around 5.721x10™'"* F/m . It is noted that the quantity of epsilon still be

near zero and in the class of NZIL

CONCLUSIONS

This paper discusses the method for increasing the gain of a quarter-
wavelength monopole antenna with the aim that its omnidirectional pattern must
be retained. The metamaterial technique based on the CLMW structure, -
fabricated from the aluminum wires-, has been designed and surrounded such the
monopole to provide the higher gain and the desired patterns. When the

dimension of this prototype structure is optimized, the. CLWM structure can
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efficiently cooperate with a monopole antenna at the desired frequency of 922.50
MHz with excellent matching (S;, =-24.98 dB), higher gain (~ 4.73 dB), wider
bandwidth  (~301.2 MHZ@ S,, =—10dB). improved radiation efficiency
(€., =0.0354 dB), and exact omnidirectional pattern.

We also discussed the proposed structure wire media that it is so-called
CLMW. The classical theory of dispersion and reflection from media has been
applied and modified for our structure to find the frequency-dependent
permittivity of CLWM structure (-— 2.642x107" F/m). Nevertheless, we also
investigated the effective permittivity of the structure using the procedure of
Nicholson-Ross-Wier to confirm that our structure has the epsilon near zero
(- 5.721x107"2 F/m). Finally, it has been shown that the CLWM structure has
electromagnetic property of metamaterials.

As a result, we concluded the proposed CLWM structure is appropriate for
increasing the gain of the monopole antennas, especially when we still need the
radiation pattern of the modified antenna to be omnidirectional. This structure can

easily be applied to any monopole antenna by only design the turn number of

circular loop according to the whip length of the given monopole.
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Fig. 1. Proposed antenna geometry.
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398 Fig. 2 Simulated S/, of the proposed antenna after the dimension of CLWM is

399 optimized and compared to the simulated S, of a single monopole.
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(b) Monopole antenna with CLWM

Fig. 3 Simulated 3-D radiation patterns of (1) monopole antenna without CLWM
and (2) monopole antenna with CLWM.
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Fig. 4 Simulated 2-D radiation patterns of a monopole antenna without CLWM
compared to a monopole antenna with CLWM.
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Fig. 5 Co and Croess Polarization of monopole antenna with CLWM.
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(a) The configuration of the experimental setup.

(b) The photograph of the fabricated ant in ement setup.

Fig. 8 Measurement setup for S,; and S, of a monopole antenna with CLWM
structure.
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Fig. 11 Radiation patterns of experimental and simulation of monopole antenna
with CLWM @ 922.5 MHz.
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