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Abstract- This work focusing on the effect of the amplementary rhombic split ring resonator (R-SRR) $ructure of gain,

return loss and the radiation pattern the rectanguér patch antenna design. The basic rectangular paicantenna design
had been simulated in CST Microwave Studio simulatin software. Then, the single unit of the R-SRR hatleen added
into the patch antenna design. The targeting frequecy of this antenna is 2.40 GHz for Wireless Local\rea Network

(WLAN) application. Compared with the conventional microstrip patch antenna with the same aperture sig, the
performance gain of the patch antennas is improvedbviously and suitable for targeting frequency of 20 GHz. The
parametric studies done this work work are the diférent variation pattern of R-SRR, different distane between two R-
SRR structure and different size of R-SRR.
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|. INTRODUCTION

Microstrip patch is the common antenna shape #mabe applied in various applications such as &8eLocal Area
Network (WLAN) [1], Worldwide Interoperability foMicrowave Access (WiMAX), Radio Frequency Identiimn
(RFID) and others. Metamaterial is the artificiahterial that did not exist in the real nature antl dounded by
design a special structure of the normal substkd¢tamaterial have an important role to improveghdormance in
many devices and application such as filter [2leana [3], frequency selective surface [4], micregvabsorber [5-6]
and others. Metamaterial such as a split ring r@®O{SRR) structure had been categorized as ithetste or design
that has simultaneously negative permeability ardhjitivity value.

Victor Veselago in 1968 had been predicted thatpitopagation of an electromagnetic wave is effeftech
both dielectric constantr and magnetic permeability, of the material [7]. This properties had been jmted by
applying the basic concept of Snell’'s law, Cherenfaxliation law and Doppler Effect. Pendry had bie#roduced
the split ring resonator structure with a combioratof the concentric ring metal wires. His struetdmrad been
designed based on cylinder coil effect by the wedhichetallic sheet [8]. Then, Smith and his groug been firstly
fabricated the first artificial metamaterial [9]deal on Pendry’s SRR work.
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Figure 1: Rhombic SRR structure with its equivatdrduit. (a) Single R-SRR, (b) Double R-SRR, (oniplemetary double R-SRR.
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This SRR unit cell can be transformed by an eqaivatircuit using capacitor and inductor elemegj.[1n this
case the gap between the rings can be shown byazita while the long strip can be representedhieyinductor.
Figure 1 shows the double rings of SRR and compiéane rings of SRR with its equivalent circuit. Badly, the
SRR is composed of two concentric circular or sgustripe metallic rings on the substrates. The roshepes
available are rhombic, spiral, Minkowski, open ghad-shape, and omega shape. The basic paramategath be
investigated in the split ring resonator are rinigkness, inner diameter, the gap of the ring,thrdjap between two
rings. Table 1 shows the previous work on the SRiR&Ire on the various antennas. The parametatstmsider in
this table are SRR size, resonant frequency, rédssand gain.

Table-1 The dimension of the single unit of rhom®RR design

Researcher,| SRR structure type Application SRR Size| Frequency | Return Gain
year (mm) (GHz2) loss (dB) | (dBi)
Huda, 2008 | Square edge-coupl¢  Microstrip 9.1x9.1 2.4 -18 7.47
[2] SRR with 2 ring gap antenna
Zhang, 2009| Square edge couple¢ Circular/dual 5.8 x5.8 4.37 >-15 >54
[11] SRR polarization
antenna
Rahim, 2009| Square edge-couple¢  Microstrip 49 x 17 2.7 >-10 11.08
[12] SRR with 2 ring gap antenna
Zani, 2010 | Square edge couple¢ Circular patch | 20 x 20 4.7 -24.2 1.99
[13] SRR antenna
Jiun-Peng, | Edge-coupled SRR Slot dipole 6x6 2.49 >-25 4.71
2011 [14] antenna
Ortiz, Complementary | Dual band patch 4.6 x 4.2 4.19, >-20, | 5.95,
2011[15] edge-couple SRR antenna 4.81 >-10 5.85
Xiaoyu, Complementary Folded patch | 15x7.3 2.36 -184 0.1
2011[16] rectangular edge- antenna
couple SRR

II. SRRUNIT STRUCTURE

Figure 2 shows the schematic diagram of the sirfghenbic SRR. This R-SRR structure printed on thgdRo
RT/Duroid 5880 substrate with dielectric constant; 2.2 and copper thickness of 0.035 mm. Table 1 stbess
dimension of the single unit of rhombic complimegt&RR. The size of the rhombic complimentary SRRcsure
is 3.93 mm width x 3.93 mm length. The dimensiorthef ring gapW; is 0.98 mm while the thickness of the ring
stripe, T, = 0.35 mm. The green color is the RT/Duroid 5880 sabes while the yellow color is copper [17].
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Figure 2: (a) Single rhombic split ring resonatioucture. (b) Single rhombic complimentary spiig resonator structure.

Table-2 The dimension of the single unit of rhonBRR design
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Part Symbol Dimension (mm)
Ring width W, 3.93
Ring gap W, 0.98
Thickness of ring stripe T, 0.35
Gap between two rings R 0.86

Figure 3(a) shows the single unit of rhombic sphig resonator in CST Microwave Studio simulatictiup
while Figure 3(b) shows the double units complemsnstructure of the rhombic split ring resonaiidre red square
zone is the waveguide port 1 and waveguide potia2 tefer to the reflection coefficierf; and transmission

coefficient,S;.
N ’I j‘jx
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Figure 3: (a) Single unit rhombic split ring reator structure (b) Double units rhombic split riegonator structure
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Figure 4 shows the variation pattern of a doublésuwsf rhombic SRR. In this work, eight differert R-SRR
variation pattern had been simulated to compareré¢hen loss and gain performance between the rigoatah
antenna and rhombic SRR patch antenna. The distdmetereen two rings are 10 mm while the ring widtl3.93
mm and ring gap is 0.98 mm came with the singlé efinhombic SRR structure.

C. o0
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Figure 4: The variation pattern of a double unfthombic SRR — Pattern A to Pattern H

Il. ANTENNA DESIGN

Figure 5(a) shows the schematic diagram of the abmicrostrip patch antenna design in CST Microwave
Studio simulation. This structure printed on theg®oRT/Duroid 5880 substrate with dimension of 60 midth x
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80 mm length. The ground plane is printed on theklsade of the substrate with dimension of 60 mrdtiwvix 80
mm length also. A0 Q waveguide port is used to feed power into theatadiFigure 5(b) shows the location of the
rhombic split ring resonator at the center of thécp antenna. This structure located parallel Withfeed line of
the patch antenna. The dimension of this SRR A-gtenna is same like normal patch antenna desigrit will

shift the resonant frequency at the high pointeAfhat, an optimization dimension had been donedate back the
resonant frequency to 2.40 GHz.

Roger
Substr

Rectangul
Patc

W
Figure 5: (a) Normal rectangular patch antenn&@gtangular patch antenna with single R-SRR, (c}dRgular patch antenna with double
R-SRR

Figure 5(c) shows the location of the rhombic sptiy resonator at the center of the patch antemadaparallel
with the feed line of the patch antenna. The dinmnsf this SRR antenna is same like normal patuferana
design. Table 3 shows the comparison of dimensietwden normal patch antennas with patch antenna wit
rhombic SRR structure. From the theory, the rhongR® will increase the performance gain of theramae It also
shifts the targeting frequency of the return lassutt to other range of frequency. So, we musihtpé the antenna
dimension (especially the length of the feed lite)ocate back the targeting frequency and targefié Q of
impedance matching. Table 3 represents the dimerefiohe normal microstrip patch antenna and pattienna
with R-SRR. The optimization dimension of the pagetienna design with rhombic SRR structure also ldesh
shown by B-type patch antenna.

Table-3 Dimension of the microstrip patch antenna

Part Symbol Dimension (mm)
Normal Patch with rhombic | Patch with rhombic SRR
patch SRR A-type B-type (optimization)

Patch length W, 51.5 515 515

Patch width L, 38.7 38.7 39.15
Feed line A width W, 1 1 1
Feed line A length L; 19 19 19
Feed line B width W, 4.72 4.72 4.75
Feed line B length L¢ 7.7 7.7 4

I1l. EXPERIMENT AND RESULT

This section discuss on the resonant frequencyrrdoss, gain, and bandwidth result of the micipgpatch
antenna with rhombic complimentary split ring resmn performance result. The parameters that amsidered in
this work are the effect of the rhombic SRR streeton patch antenna design, different distance dmtwwo
rhombic SRR structures, different size of rhombiRRSstructures, and different variation patternshaimbic SRR
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structures.. The resonant frequency of this desgat 2.40 GHz with - 32.846 dB of return loss. h&0 dB
bandwidth of this design is at the frequency betm2874 GHz and 2.425 GHz. Figure 6 shows on #Hresmission
coefficient, $; and reflection coefficient ,$ result for single rhombic, single complementarpmibic, double
rhombic and double complementary rhombic.

S,, andsS,, Parameter Result S, ands,; Parameter Result

of Single Rhombic Split Ring Resonator (R-SRR) of Single Complementary Rhombic Split Ring ResonéR-SRR)
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Figure 6:S;; andS; performance of R-SRR using two port measureme@Sii simulation software, (a) single R-SRR, (b) @bmentary single
R-SRR, (c) Double R-SRR, (d) Complimentary doubisiRR

Figure 7 and Table 4 represent the comparisontofrréoss performance between the normal patcmaatand
rhombic SRR patch antenna. The gain of the pattdgnaa had been increased by incorporating witlsithgde unit of
rhombic SRR structure.
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Return Loss of Normal Patch Antenna
and Patch Antenna with Rhombic SRR Structure

Return Loss, dB

|| —— Normal patch
-30 1 ——- Patch with R-SRR
~~~~~~ Patch with R-SRR (redesigr])

-35 T T T
2.2 2.3 2.4 2.5 26
Frequency, GHz

Figure 7: Single rhombic complimentary split rirggonator structure of CST Microwave StuSiagle rhombic complimentary split ring resonator
structure of CST Microwave Studio

The new gain of the patch antenna with rhombic S&R.372 dB, an improvement of 0.038 dB. The SRR
structure effected the targeting frequency of Z3Hy for this design. The SRR structure had bedtesh?22 MHz of
the frequency to the 2.422 GHz. After antenna dsien optimization (redesign) done, the frequencg baen
located back to the 2.40 GHz. With optimizationgass for patch antenna, the gain of the antennaémdincreased
from 6.372 dB to 6.402 dB. Figure 8 shows compartbe 3D return loss of the antenna design.

Table-4 Dimension of the normal patch and the dptition dimension of microstrip patch antenna

Antenna design Resonant | Return loss (dB) Bandwidth (MHz), Gain
frequency, f,-f, (GHz) (dB)
f; (GHz)
Normal patch 2.400 - 32.846 51 (2.374 — 2.425) 4.33
Rhombic SRR 2.422 -24.029 53 (2.396 — 2.449) 6.372
Rhombic SRR (redesign 2.400 - 26.883 51 (2.374 - 2.425) 6.402

dB

6.4
5.24
n.07 |
2.91
1.75
0.582 |
-3.85 |
-9.16
-15.3
-21.n
-27.5
-33.6

dB

6.33
5.18
4683
2.88
1.73
8.576
-3.86
-9.18
154
-21.4
=25
-33.7

Figure 8: The 3D return loss of the antenna: (anidpatch antenna, (b) Rhombic SRR antenna, (tjrigation design of rhombic SRR antenna
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Return Loss of Patch Antenna with Different Return Loss of Patch Antenna

Distance Between Two SRR Structures

with Different Size of SRR

Return loss, dB
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2104

215 4

-20 4

225 4

Return loss, dB
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2.38 2

.40

Frequency, GHz
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Figure 9: (a) The return loss of patch antenna diffierent distance between two SRR structuresT(ig) return loss of patch antenna with different
size of SRR structure

Table-5 Return loss of patch antenna with diffeckstance between two SRR structuf@s,

Distance Resonant Return loss Bandwidth (MHZz), Gain
between two frequency,f, (dB) f,-f, (GHz) (dB)
SRR structure (GHz)
10 mm 2.396 - 30.595 52 (2.370 — 2.422) 6.3283
15 mm 2.396 - 30.026 52 (2.370 — 2.422) 6.372
20 mm 2.396 -31.736 52 (2.370 — 2.422) 6.366
30 mm 2.396 - 31.795 52 (2.370 — 2.422) 6.36(7
Table-6 The return loss of patch antenna with éffesize of SRR structure
SRR size Resonant frequency,| Return loss Bandwidth (MHz), Gain
(mm) f; (GHz) (dB) f1-f2 (GHz) (dB)
2.45 2.398 -29.167 50 (2.374 — 2.424) 6.49%
3.68 2.398 - 33.895 52 (2.373 - 2.42%) 6.321
491 2.396 - 30.026 52 (2.370 — 2.42P) 6.372
6.13 2.390 - 35.639 51 (2.365 — 2.416) 6.334

Figure 9(a) and Table 5 shows the return lossatiffpantenna with different distance between twR SRuctures.
From the graph it shows that the different dimemdietween two SRR did not give any effect to tlegdiency location
and the -10 dB bandwidth. All design had been aeliiehe same resonant frequency that is 2.396 Gblpnly effect
the return loss and gain performance result. linshibiat the best return loss is shown by 30 mnaudcst with - 31.795
dB. The highest gain had been achieved by 15 mtardis with 6.372 dB. Table 4 shows the comparisturm loss,
bandwidth and gain result between different distarzetween two SRR structures. Figure 9(b) andeTélshows the
effect of the rhombic SRR size on the return Idsthe patch antenna. Four different sizes had loeesidered in this
section that is 2.45 mm, 3.68 mm, 4.91 mm, and &8 The larger rhombic SRR size gives the highetsirn loss
performance result with — 35.639 dB but not give ltighest gain. The highest gain had been achieyemtenna with
2.45 mm of rhombic SRR size with 6.495 dB. The rb@anSRR size had been effect the location of tlemmant
frequency. For example the resonant frequency4s &im rhombic SRR is 2.398 GHz.
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Return Loss of Patch Antenna Return Loss of Patch Antenna
with Different Variation Pattern (I) with Different Variation Pattern (Il)
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Figure 10: The return loss of patch antenna witleidint variation pattern (a) Pattern A, B, C and ) Pattern E, F, G and H
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Different variation pattern also effects the pariance of the patch antenna. From the Figure 1@¢h)able 7, it
shows that patterA and patterrB give the best gain result with 6.372 dB while Warst had been shown by pattern
C and patterd with only 6.310 dB. All SRR pattern shows the sapsonant frequency and bandwidth that is 2.396
GHz and 51 MHz. From the table, it shows that tbst lbeturn loss is shown by patté&rwith - 32.200 dB compare
with PatternA with only — 30.026 dB.Another four patterns aresidered that were patteH patternF, patternG,
and patterrH shown in Figure 10(b). The higher gain performamag been shown by patteErwith 6.381 dB while
the worst gain performance had been shown by pdteith only 6.323 dB.

Table-7 The return loss of patch antenna with déffevariation pattern (Pattern A to Pattern H)

SRR pattern Resonant Return loss (dB) Bandwidth (MHz), Gain
frequency,f, (GHz) f,-f, (GHz) (dB)

A 2.396 - 30.026 52 (2.370 — 2.422) 6.372

B 2.396 - 31.902 52 (2.371 - 2.423) 6.310

C 2.396 - 30.091 52 (2.370 — 2.422) 6.372

D 2.396 - 32.200 52 (2.371 - 2.423) 6.310

E 2.398 -31.418 51 (2.373 — 2.424) 6.381

F 2.398 - 32.613 51 (2.374 — 2.428) 6.323

G 2.398 - 31.378 51 (2.373 — 2.424) 6.371

H 2.398 -32.417 51 (2.373 — 2.424) 6.379

These entire four patterns show the same resoremqudncy result that is in 2.398 GHz but it locatiéterent

with the patterrA, patternB, patternC, and patterrD. PatternF achieved the best return loss performance with -
32.613 dB followed by patterf and patterrH with — 32.418 dB and -32.417 dB. The worst retimss had been
shown by patteri&s with only — 31.378 dB. All variation patterns (Rati A to patternH) show the same - 10 dB
bandwidth with 51 MHz of frequency range. So, faoaclusion different variation pattern did noteeffthe - 10 dB
bandwidth but only shifted frequency into the nesanant point.

The proposed antenna design can be integratedRFittransmitter [18] and R receiver [19] to formamplete
WLAN front-end system.
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IV. CONCLUSION

From the observation, the radiation pattern ofahtenna with rhombic split ring resonator (R-SRiR)ure has

an improved gain compared to the gain of the nomeetangular antenna without split ring resonatarcsure. An

improvement of the gain by 0.068 dB from 6.634 dE5#402 dB. The addition of a pair of R-SRR ond¢hater part
of the antenna can shift the resonant frequenaytim lower point. So, this will effect the sizetbk rectangular
patch antenna into smaller size. From the simuiaiso, it shows that the antenna with SRR patiesthows the
highest gain compare other variation pattern. Thanges dimension in parametric study can effecpémrmance
of the return loss but not give the higher imp&atr the future work, the combination of other tdaghe with split

ring resonator can be applied to improve the gathraturn loss of the microstrip patch antenna.
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