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PORNPAT PRAMERUDEECHAISAK : READING RANGE
ENHANCEMENT FOR UHF RFID READER BY ADDING THE
STRUCTURE OF METAMATERIALS. THESIS ADVISOR :

ASSOC. PROF. RANGSAN WONGSAN, D.Eng., 96 PP.

READING RANGE ENHANCEMENT/UHF RFID READER/METAMATERIALS

Nowadays, the UHF RFID reader is more widely used and rapidly growth but
its cost in the markets still be high. This work presents the method for improving the
performance of UHF RFID reader’s antenna to increase the reading range more than
the conventional RFID reader at center frequency 910 MHz. The proposed structure is
designed as the array of split-ring resonators (SRRs), which located at the front of the
conventional RFID reader without any modifying or adding RF amplifier into the
circuit of the UHF RFID reader, whereas the metallic sheet has been placed at the
backside of UHF RFID reader as the reflector. The proposed structure of
metamaterials can improve the gain around 9.7 dB at the operating frequency of 910
MHz when compared to the original one with the reflection coefﬁcient (S11) is around
-18.26 dB and cover the desired bandwidth of UHF RFID (860 — 960 MHz). After
that, the prototype of the SRR structure is fabricated and tested, then compared to the
calculated results simulated by using CST software. Finally, we found: that the
prototype structure can increase the reading range up to 370 % compared to the

conventional UHF RFID reader.
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Gr (dB) = Pr (dB) — Pt (dB) — Gt (dB) + L (dB)

Pt (dB) = 0dB, Pr (dB) = - 13.75 dB, L (dB) = 26.43 dB, Gt (dB) = 2 dB
Gr(dB) =-13.75dB — 0 dB — 2 dB + 26.43 dB

Gr (dB) = 10.68 dB

A13190 4.6 MafSeuiouguanyuzueId1ee1NIAAT09911 UHF RFID nUMHUA RouLaz

TassasweniaquuuLn gAY

NAINNITIIA0Y | HAINAITIANATDU

MALsZA N MIaeNoUNaLNAID 910 MHz -25.709 dB -18.26 dB

, a2 . 852.49-971.71
ANUAIMAVANNDIETUAU-TUFA T -10 dB 875.99-952.96 MHz

MHz

AMUNAILDY N -10 dB 119.22 MHz 76.97 MHz
991519819 11.2 dB 10.68 dB
Anunednaunsadaeszuuaun vl 49.6 degree 48.0 degree

9 o d’ = o w
ANUNANAINAUATINIAITLUIL

Vo 41.7 degree 41.3 degree

AUULUHAN
F/B Ratio 12.24 dB 12.29 dB

v 1 v P v
1NNI1T NN 4.6 Lfl@Wi]'liﬂ!1V]ﬂ1ﬁllﬂ§$ﬁ1/l‘ﬁﬂ'lﬁﬁ$ﬁ}@uﬂaﬂ WTJ'J'IF\I@“VIUl@%IflﬂﬂﬂWﬁ'Jﬂ
= o A J o T A a Ao 1w

‘VIﬂ’ffE]‘]J?J?fﬂTJZI,Lllﬁ‘;lf‘ﬂaﬂ’l'lwaiﬂﬂﬂ1iiﬂﬁﬁ]ﬂ umﬁawmimmmamwm NUADATIVY

YOI 10 INIAIINUUUTIA0IZINIITATIVYIYYBIA 101N IAA VLD Y M7 D 0.62 dB 1)

auuagtnannalszaniamiasiuiuanaienu iesainlumsianaaou li'latiiie

v
aa A

D IMANEI0819AY) LANNADIVBIUATOIDIULAZUNUDZAAAN 1F1UATDIDNUND YN

=S

apd1eiavInnIoiadynIa (Network Analyzer) A28 A1 gayde11/39AA910A1 Antenna

.. ) < ' o 3o & o I

radiation efficiency ¥038180 1M AU uanavINMIIanaaeunduiluliaminglseann
) Vv

Aoams ntwiwanisianadeuns 3 nuunulFeuiieuny awsadidaiaig q lda

P~
AT NWN 4.7



A15190 4.7 msnfFeuiisunuanyuz Y189 IN A48 UHF RFID AURITD a0 10

Lﬂ%ﬁ]\ﬁhu?ﬂ]}uﬂﬂ’ﬂﬁ/ﬂleuﬁgﬁl@ulmZ’EﬂEJE]1ﬂ1ﬁﬂ59]l‘lJLL°1J1Jﬁ]1ﬂﬂ1§'§l@11/]ﬂ’d'0‘ll

Reader

Reader + Reflector

Prototype structure

1T W a a( 9y [ d'
mMavlszansmsazneunaun
713D 910 MHz

-20.68 dB

-16.43 dB

-18.26 dB

')
A A

Y ]
A UAU-TUFA 0 -10 dB

847.27-994.50

851.30 - 949.75

875.99 — 952.96

MHz MHz MHz
ANMUAANAAY N -10 dB 147.23 MHz 98.45 MHz 76.97 MHz
OIERETAE 0.98 dB 6.61 dB 10.68 dB
9 o d’ = o w
AIMUNINATIANAUAIINIANTS U
87.8 degree 66.0 degree 48.0 degree

e Tl

9 o A 2 o W
AITUNINATNAUAITINTANIS U

[ <
AUINLULYAN

74.52 degree

41.30 degree

F/B Ratio

18.21 dB

12.29 dB

1NA15199 4.7 2R 131 SASIVEIBVEIA1091N1AIAG 981U UHF RFID ALY
Tnserdrauruas fou H8as1ueeiiuaunna oo 1nmAs 898 AR R 5.63 dB Az
mee1maduunuuif lassadvewduasfounasz Tnssad e fsaquuunnidiay i
SATIVEBNUAL DN AR IMATULAI 1 9.70 dB

MATUTINTNAADUTLBLN1T81UVB AL D981 UHF RFID duntiunl3euieuny
szoznse Ui Idanaee naduny snniman 140N faszezn1se uuiiaun

AN IUAT5197 4.8



\ o 1 <} 4 1 o 4 1
A1519% 4.8 wamﬁmm@ﬁa‘u5zazmﬁmmmﬂmmm%wm UHF RFID GQII‘L!%U‘]J lﬂ%ENGTL!

quatiunuuHU Ao UIAL A INARUILLINMITIANATDU

Distance (mm)
Degree
Reader Reader + Reflector Prototype structure

0 150 315 540

45 100 170 360
90 110 200 160
270 150 140 140
315 90 330 430

A a A @ 1 [~} v U =]
INATINN 4.8 Wi]']iil!'lﬂ'l‘]/lllﬁ}i]1ﬂﬂ'l§’3@1/l§°]ﬁﬁ]‘ﬂ5$ﬂ$ﬂ1§@1ULL1/]ﬂ NWUIMNITDTULLNN
= A

A A Y Y 4 U v g X v W J
Glmzazmmmmwamew 0 @\flﬁ'ﬂ’ﬁ'E]‘VI'I\WI11!14141%@%?]%@\3@']1!!,‘1/]']1!“ C?Q@iﬂﬂﬂ'l@li]‘ﬂigﬁﬁﬂ

Q

TumsmunruazioulinumeoinmaIeao 1 udunliy

§ a J 1 <3 § A 2 a 1 1 <
LﬁﬂW%Wim'lﬂ'ﬁgﬂ%ﬂ'li@'luuﬂﬂﬁL‘Wllﬁ‘Llclu‘ﬂﬁﬂ']\i 0 93A WUITLYLNITOIULNNUDY

[ 19

TaseadnduupunimannIassaiunuaztounas Inssadwenfaquuuuaidwuliny

Y
Y=

4 ' a T <} 4 1 LY a A
mﬂmmmﬂ%ammwmmmﬂizﬂzmimmmﬂmmm%qmuﬁ’uauu 390 uaammw%
v 4 1 =3 o Y ] 1 1
sz 370 % %\HﬁmﬁEJ“]J§$fJZfﬂi’E]TL!I,L‘Vlﬂﬂll51?]11‘14“]/]@\1@ﬁ1@1uﬂﬂi}ﬂuWU'ﬂigﬂgﬂ1§@1u

s naadunu ldunna 40%

4.6 asd

Q

ES v

VA 9 @ a oA oA 9 o A A = [
an laninmsianadoulumailfiiatazmnldanuundraeaiudisnIndifesnn
o = < o 4 { A a
sasweren lailuldaminglszasd aunsaldauldassawanudndesns erufans

aaamnau lihhailosnvainuatefads o1wu msaednidyyIuINT 101N MAT 0

Y o A A 4 [

gueasnuAIelo IR zHdy I Msadelassadwenidgervsiliunugnisus

o o Ay Y E < Y
1 \Tﬂllﬂﬂa']ﬂlﬂa@u uau



=
UNNn S

asidwamsIdenazdasauanuzlumsivy

51 asdwamsdoe

a a 4 o da/ ) a J
Tﬂmu‘wuﬁﬂuuu"lﬁ}mmuammmiww E]’E]ﬂ!L‘]J‘]_lLla$ﬁ%}1ﬂﬁ1ﬂ®1ﬂ1ﬁﬁjullﬂﬂﬂlﬂﬂ

[

A1991MAA5090 11U UHF RFID Tagld Tnseadauduaziounas Tnssadsefdaquunund

'
o w A

A Aa A 1 <3 A 1 Y v 9
a1y LWﬂlwuﬂizﬁﬂ‘ﬁﬂwwﬁluﬂ'ﬁ@'luuﬂﬂsll@\uﬂﬁ@\iﬂ'lu UHF RFID eiuauuy Iﬂﬂiﬁﬁiﬂillﬂiu
s g A = 3 ¥ A 1 2 = =
ﬁ“iﬁ]gﬂ CST LW@ﬁﬂ]&l']ﬂ'J'ljJLﬂuulﬂVlﬂﬂ]@\iﬁ'lﬂ'ﬁ]’]ﬂ’]ﬂﬂ]@\ilﬂﬁﬂ\T@'lu Iﬂﬂﬁlﬁ]'lﬂﬂ']iﬁﬂy']ﬂqya

X g9

4 ' g’.} a L4 "o w
De9ANA189INIAIATOI81Y UHF RFID 910U U3AT 120U 13U msunfiaiveddiseinid
T A "o o Y 2 (2 1o o (4 a =
wuNNuuuzdmsediaelndamesnuuuuglmsudiidwuuseuddluszuiufel 39
o an (v 1o w y o 1o o < S A
WmsanymIslivdsunugdmsuiddeiedunuugdmsudiiaslddunuoinamia

X A ax A 9 ' ) Y o A ' A o o a
Glf\illﬁ@ﬂ'l‘ﬁﬂﬁl‘l/\lllIﬂi\iﬁi%‘umuZ‘T%‘VIE]‘H'JN@1uﬁﬁilﬂiﬁ]ﬂ@1ul‘v\l0ﬂ1ﬂﬁﬂ5“].I‘1/]ﬁ‘l/]NLL°]J°U§°]Jﬂ15

' o (%

1o o § v y a L4 ' =
uwmm’dwammmmm%mm mnummﬁzmmugﬂmmwmmwmmwmmﬁu

ada!d slqwlllal
A

o A 2 g . an (o A o )
@9’]5']6118']8“/‘”\]%1! Fi]']ﬂuu%']ﬂ'lﬁﬁﬂlﬂﬂ13‘ﬁﬂfl"Uﬂ?\illaglwuaﬁﬁ'lellﬂ’]ﬂﬁlﬂlwnmuaﬂ AR

o a = a o d' [ A % Y v 9 9 a o é
ANUUMSANY AL IVBNBINUMTINNOAT Ve I NUa g9 laals laseaseenian ¥

a

v
a 1 a

wunlassadweniaarianie g awnsomusasiverslinudigeiniala v91dning
a g’/ 9 a o A A (% Y o A 1 = A 9
pONULULAAAAT TATIAS9BATES NBMNEAT Ve RN UE1891NAY0 AT 09811 FInah I

o q Yuw A 2 ' 2 vy 2
1/]’]1149@3’]"1]EJ’]EJLW?JSUHLL’G3ﬁ’]lﬂﬁﬂ’ﬂ’luu‘ﬂﬂllﬂigflg'i/l'l\illﬂﬁll']ﬂﬂlu

52  Yatauauuzlumsidy

a o [ v 1

vinmsdrauemsulsz@nsnmuesdiseimalasldInseadveniaeg §itenia

D

a ax o o a 7
UUHINA 'J‘ﬁﬂWiﬁﬂ‘Hﬁ]E]ﬂL!,lIll 5’3115\1Nﬁi]1ﬂﬂ155]1€16\1l£ﬁ$waiﬂﬂﬂ?i’)ﬂﬂﬂﬁﬂﬂﬁﬂﬂ’)ﬂﬂ1uwu‘ﬁ

i v
=

o & < '3 Aag Y 1Y = Y Y A o A A
mJ‘Uui]zL“JJu1J‘iﬂ&lﬁlmuazuuammﬂlmm24,1/1ﬁuﬁli}ﬁﬂymazﬂumuﬂﬂ’m‘unnﬂumnﬁmtlﬁlu

M3nulseanTmmangenaveans 0981 U3z RFID ¥isoaseimelssandu o ae l)



31813919049

F. J. Herraiz-Martinez, E. Ugarte-Mufioz, V. Gonzalez- Posadas, L. E. Garcia-Mufioz and D.
Segovia Vargas, “ Self - Diplexed Patch Antennas Based on Metamaterials for Active
RFID Systems,” IEEE Transactions on Microwave Theory and Techniques, 2009, pp.
1330-1340.

S¥5105 viynoq, supa Hoold uag U5TuN 15suadn. RFID maluladarsialse Towil,
15-22. DFJUNNNHIUAT : 2547,

H. O. Moser, B. D. F. Casse, O. Wilhelmi and B. T. Saw, “Terahertz Response of a
Microfabricated Rod-Split-Ring-Resonator Electromagnetic Metamaterial,” Phys. Rev.
Lett. 94, 2005.

B. Ozbey, H. V. Demir and V. B. Ertiirk, “An Eqivalent Circuit Model for Nested Split-Ring
Resonators,” IEEE Transactions on Microwave Theory and Techniques, 2017, pp. 3733-
3734.

F. Bilotti, A. Toscano and L. Vegni, “Design of Spiral and Multiple Split-Ring Resonators for the
Realization of Miniaturized Metamaterial Samples,” IEEE Transactions on Antennas and

Propagation, 2007, pp. 2258-2267.

9
%

) 7 P 7 a a < A ¢ W a
IIFTIAN WAFIIA (2555).3ﬁ3ﬂ§§3~lﬁ1ﬂ§)1ﬂ1ﬂ (‘Wll‘Wﬂi\Wl 3), g{uﬂummimmzmﬂiuiaa

= a U = =
MIANE, Y INeaema lu Taogsuis.



MANUIN N

a d' Y a A ¢ 1 ' =]
‘]J‘Vlﬂ'J13J'J‘U1ﬂ1i‘i’lulﬂ§‘ﬂﬂ]iﬂWNW!Nﬂ!!Wﬁ1u§$ﬁ31ﬁﬂﬂ‘hﬂ



A a d' Yo a A 4 v v =
‘518]‘lf?]‘1J°Vlﬂ’J111’.]‘lf1mﬂ’lvlﬂ‘i1Jﬂ1§ﬂW3JW!NEJ!!‘Wiﬁﬂi%ﬁﬂﬁﬁﬂ‘ﬂ1

Pornpat Pramerudeechaisak, Piyaporn Measawad and Rangsan Wongsan “Reading Distance
Extension of Original RFID Reader With Technique of Metamaterial Structure”,
2017 International Symposium on Antennas and Propagation, November 2017, Phuket,
Thailand.

Pornpat Pramerudeechaisak, Piyaporn Measawad and Rangsan Wongsan “Equivalent Circuit
Modeling for Combination of Square-shaped and H-shaped SRRs”, 2018
International Symposium on Antennas and Propagation, October 2018, Busan, Korea.

Pornpat Pramerudeechaisak and Rangsan Wongsan “Reading Range Improvement for UHF
RFID Reader with SRR Array Based Metamaterial Structure”, 2019 Suranaree

Journal of Science and Technology, Nakhon Ratchasima, Thailand.



Reading Distance Extension of Original RFID Reader
With Technique of Metamaterial Structure
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Abstract—This paper p) the application of ial - ¢ -
structure for improving the gain of antemna to extend the reading
distance of UHF RFID reader without amy modifying of the original |
reader. The propesed structure of metamaterial is designed on the theory 8
of Spilt Ring Resonator (SRR), which located in front of such the RFID
reader, while the back side of reader is blocked with 2 metallic sheet as ! d
reflector. At last, we found that the proposed structure of metamaterial | = ’
can provide the gain around 9,16 dB when compared 1o the original one T
(2round 1.84 dB). . R
Keywords—RFID Reader; Metamaterial; Split Ring Resonator; RFID (%) (b)

Tag.

I INTRODUCTION

Radio Frequency Idestification (RFID) is asomatic  sdentification
technology, which has become populir o many industrial service, sueh as
identifying obseet i logsstics and vebscular technology. 1t's very useful 1o track
object and even poople with RFID tag. The RFID system consist of two pans; a
reader, reading oc writing data to the tag that use mdio frequency signal to
transfer data and tag, tracks the target object [1-2].

The UHF RFID sre very interesiod because of 1 15 moree suitable foe kng
coverage range, but has some disadvantage of micrference and expensive oost.
Therefore, more rescarches were propased the methods to overcoms sich the
disadvantage and obtain the high performence of cperation by using
metamaterials [3.5].

I this pager, the simple method %0 improve the gain of antenna of UHF
RFID Reader by adding metamaterial stauctures without modifying the ariginal
RFID reader will be peesenmed, The srtificial mamenal has been desigeed 1o
provide wusual properties in nature based on split ring resceators (SRRs) that
are the most popular at peesent. However, such SRRs which were used for gain
enhancements have different methods and shapes [6]. While our proposed
method has the easy shaped and design.

II. ANTENNA STRUCTURE AND DESIGN METHOD

A. UHF RFID Reader Antenna

The antensa ingids the selected original UHF RFID reader 55 & folded
moeopole operated 2t 3600960 MHz of frequency band, 25 shown in Fig. 1(2).
The antenma structure made from an alumizam wire, placing over the 6x83
mm of printed circuit board. The dimensions of monepole are shown in Table L
In Fig.1(b), the structure of folded monopele antenna is made from alumizum
wire, which has the radius equals 0.5 mm. Such the structisreand its dimension
of antenna is lated by CST M Stadio Soft Fromm the reselts
of the simulation as shown in Fig2, we found that the ariginal maonopele
provided the return loss (S.) equals -6.295 dB at 908 MHz of center frequency,
while its radiation patiern is nearly omnidirectional with half power beam
width HPBW ecuals 93.0" and provicded the gain around 1.84 dB.

TABLE | DIMENSION OF CONVENTIONAL ANTENNA (Unit: mm)

a b ¢ d R
B 13 35 25 as

Fig. L. Origial UHF RFID Reader: (2) antenna in package and (b} structure of
antenna.

§ P arretery (Magrtude o &8

s Y 7= e

Lo A R R R
Froquency / g
(a)

()
Fig. 2 The simulation results of aniginal monopole withowt reflector: (8) Sy
and (b) Gam

In oeder tomodidy the HPBW of radiation pattern of the original RFID
reader to zarrower, then a-metallic reflector has been added bebind the folded
manapole-with 100 mm of spacing and 1 75x150 mm of dimensice.

In Fig3, the simalsed result of S;; and radiation patteen are obtamed. We
found that the ariginal monopole with metallse reflector provided S, = -8.496
dB & 906 MHz, HPBW = 78.6" and gan = 6,38 dB at the center frequency,

B. Metamaterial Stracture

After we obtained the directional pattern and kigher gain from the previous
section. The metamaterial stracture of our SRR has been Jocated at the front of
anenna with spacieg around 100 mm. The 4x4 umt cells of SRRs with
dimensioes of cach SRR as shown 1o Table 11 and shown o Figd-§ is




lued by CST Mi Stadio Software with & die) b

ROS880 (£, 2.2), Joss tangent = 0.009 ard thickness = 1.82 mm.
TABLE 1I. DEIMENSION OF SRR UNIT CELL (Unit: mem) AT 810 MHz
L L2 w S 3 b
450 =0 0 Lo 430 23 14 4
an
S P ametery e 0 &) R
. o L 0 100 1600 180 2000
T
a4 L
2 { dn
“ 4 9.16
s! { 6.2
i 4.58
‘1: s L i 2.86 .
1.15
. 1 -1.9
H -1.71
® X0 e 1200 3400 3400 300 2000 -13,.5 {8
Frequency | Mz ';:':
@ -30.8

(b)
Fig. 6. The simulaton results of anginal manopole with SRRs and
reflector (@) S, and (b) Gain.

From the simulation results as shown in Fig.6, it is observed thst
SRRs can improve the matching conditon (S;; = -21.892 dB) and reduce
the HPBW (~56.6°), thus its gxin is raised up to 9.16 dB that is enough for
the loager reading distance.

111 ConcLustoN

The guin of the original UHFRFID resder has been improved for
extending the reading distance of the reader by locating the proper design
SRRs and reflector at front and behind of such reader, respectively. After
the optimized results were calculated with CST software. It is found that
this method can provide the higher gain (-9.16 dB) without modifying the
ariginal RFID reader or sdding sny RF amplify circuit into the system.
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Equivalent Circuit Modeling for Combination of
Square-shaped and H-shaped SRRs

Pompat Pramerudecchasak
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Abstract - A new split ring resenator (SRR) structure i
proposed for the use be a unit cdl of metamaterial for wirdess
communication antenna. It is design to aperate at frequency
around 910 MHz for increasing the gain of RFID reader inthe
future. In this paper, we have focused on the malysis of
equivalent circuit modd of the proposed SRR The structure
was arganized on two square surfaces of the FR4 didectric
substrate with 16 mm of the thicknes. Each surface of
substrate was placed with an H shaped SRR surrounded with a
squareshaped one, which made fram copper strips To confirm
the resanant frequency that calculated from equivalent circuit
moded, we used CST saltware tosimulate and optimize such the
structure by considering the resonant point from the (requency
response of return loss M is found that the results of resonant
frequency by equivalent circuit model are agree with the
simulated results.

Index Terms —Splil ring resonator, metamat erial, antennas

Mectamaterials were first invoduced by Vesclago in 1967
[1] They are a new class of composite matenals that exhibit
unusual clectromagnetic properties that are not found in
natural materials One of the meatamatkrials that great
interested in recent year i the split ring resonator (SRR),
because of its structure can be designed from varnious
geometrical shapes One of the metamaterials that great
interested in recent year is the split ring resonator (SRR),
bocause of its structure can be designed from various
geometrical shapes Therefore, hers were interestod to
investigate their structures by equivalent circuit model
methods. [2.3)

At present, the splitring resonators {SRRs) have been used
for wircless commumication antennas, especially, in order to
improve the antenna pegformance. Therefore, this proposed
SRR is designed to be 4 unit Sell clement of metamatenial for
increasing the antenna gain of UHF RFID veader opemating
a1 910 MHz of frequency However, in this paper, the content
will be focused only the equivakent circuit model of the
proposedsplit ring resonator, which its structure is organized
on two square surfaces of the FR-4 diclectric substrate While
cach side of the substrate surface is placed with an H shaped
SRR and a square shaped one inside, which both of them was
made from copper strips by using etching process

Piyaparn Mesawad

Schoal of Telecommunication Engincering,  Schoal of Telecommunication Engincening, Schoolof Teke

Nakhon Ratchasma, Thailand
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Rangsan Wongsan
E
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2. The SRR structure and its equivalent drcuit model

The proposed structure that is designed at 910 MHz of the
operating frequency, consists of a square slotted SRR placed
on cach surface of the FR4 substrate, which has dimension
of 45x45 mm, diclectric constant ( £, ) of 43, and the
substrate thickness is 1.6 mm While the open space inside
the square shaped SRR is L ted with new H shaped SRR
that made from copper strip as same as the outer ring, as
shown in Fig. 1. However, Table I shows all optimized
dimension of the both SRR on cach surface, which is
calculated by using CST simulation software

Fig. 1. Geom etrical structure of the proposed SRR.

TABLEI
Optimized dimension of the proposed SRR (mm).
[ s [ v w T a e o [ s
45 + 3 3 12 1 30

Theoretically, the SRR stuctire can be represented by
simple LC resonant cireuit, while its inductance L and
capacitance C dependon the shape and size of SRR structure
including the property of diclectric material that used to be
stbstrae [4] Theresonant frequency of such the LC circuit
is' given by £ =12xJL,C, . where Ly is the total
inductance fi d by the bi of selfind of
a squareshaped SRR structure ( L) and the self inductance
of a Hshaped SRR structure ( Ly). Whereas Cy is the total
capacitance formed by the total capacitance of the SRR
structure

The expression for self inductance of a square shaped SRR
structure on two square surfaces can be calculated by [5]




Ly =02p,~ gsmlr!l + ;ﬁxsm--
(-3 + &)=

Whilk the capacitance from the standard equation is given by

C -z,z,:—'=('_-. 2)

where, £, and x4 are the parmittivity and permeability of
vacuum, respectively

For the selfinductance of a Hshaped SRR, it can be
calculated by [6]

L, = uflog (Z)+ 09+ 02 (i)zl . (%))

The expression for calculation the capacitance of an H
shaped SRR is given by using the standard cquation as
follow:

C, =g, :—‘ . “
Gy = 2C, (&)}

Then, the equivalent circuits in the previous step are
assembled by uwsing the methods from the previous
literatures in [2, 7). Thus, the inductance of the SRR element
can be calculated by (6)

o R

L"L"L“ by =Lg 16
Next, we assembly the equivalent circuitof SRR on cach
surface together, because of the proposed swucture is
organized on both surfaces of the square FR4 diclectric
substrate by using the method from [8]. Hereby, the final
equivalent circuit is modeled as shown in Fig. 2, where Cm

is the mutual capacitance by the parallel plaie.

i

4 CreOH C =
3 =
Momz t— om
i~

Fig. 2. Equivalent circuit mode] of the proposed SRR.

Lastly, substituting the optimized dimension from Table
Linto (1) - {6) that according to the equivalent circuit model
as shown in Fig. 2. The obtained solution of resonant
frequency is equal 1o 911.86 MHz

3. Calculated Results

In order to verify the theoretical solution of resonant
frequency, which obtained from (1) - (6), the given
dimension of SRR is substituted into those equations. We

found that the result of the resonant frequency for our
equivalent circuit model is at 911.86 MHz. After that we
used CST software to calculate its resonant frequency again
by considering from the simulated resulss of the reflection
cocfficient ( S, ). It is found that the resonant frequency still
be at 910 MHz, at Sy, = - 29952 dB, which close 10 911.86
MHz, as shown in Fig. 3. Obviously, the proposed equivalent
circuit model achieved to good agreement with only 0.204%
of the error

Fig. 3. Simulated §,, of the proposed SRR structure.

4. Conclusions

In summary, the proposed equivalent circuit model of our
hybrid metamaterial made from SRR was verified with
theoretically calculated result and simulated result from CST
software. We found that the both results are similar (911.86
MHz and 910 MHz). Therefore, it i obviously shown that
they are in vary good agreement according to our
requirement.
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