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ABSTRACT

A microstrip antenna using negative permittivity tamaterial based on complementary
split ring resonator (CSRR)-loaded ground has lieegstigated in order to miniaturize the size
and improve the antenna characteristics. The aaseare designed on FR4 material and
simulated results are provided by HFSS software. mktamaterial antenna is reduced 77 % the
antenna size compared to the normal microstrip naate Furthermore, compared with the
normal microstrip antenna, the antenna charadt=rist the metamaterial antenna are improved
significantly. The proposed metamaterial antentieaes the antenna resonate at 2.45 GHz, the
gain of higher than 6.5 dB and the bandwidth of Mz through the whole WLAN band. The
obtained results indicate that the proposed antsmagood candidate for WLAN applications.

Keywords: microstrip antenna; metamaterials; split ring regor (SRR); complementary split
ring resonator (CSRR); WLAN.

1. INTRODUCTION

Microstrip antennas are of great interest due teirtlbenefit features such as low
profile, low cost, planar configuration, and sulealor array with the ease of fabrication and
integration with microwave monoalithic integrate atiits (MMICs). This promotes them to
become the most promising candidates for practipplications such as mobile, radio-frequency
identification (RFID), multiple-input multiple-outp (MIMO), sensor network, biomedical,
wearable systems [1 - 5]. However, this antennactire is wavelength-related, which makes
them difficult to apply in antenna design with caupsize.

Various fabrication approaches have been repooteelduce the size of antenna such as the
usage of shorting pin, shorting wall and lumpednglets [6 - 7]. However, these approaches can
make the low bandwidth, efficiency, and gain ofesmmia [8]. Recently, using metamaterial
(MTM) in antenna design has been developed for d@wipg antenna parameters and
miniaturizing antenna size [9, 10]. Nevertheledse tapproach method is required the
sophisticated structures which can be fabricatestlycand time consuming. For example, Islam
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et al. reported that a negative index MTM creatgaddmbining a modified split-ring resonator
(SRR) with a capacitance-loaded strip (CLS) whitttalled on the radiating patch to obtain the
antenna design architecture that simultaneouslipggtboth enhanced antenna performance and
reduced the antenna size [9]. It was also repdftedusing of 3D isotropic p-negative (MNG)
MTM loaded on a microstrip circular patch antenmaetduce size and obtain good performance
[10].More recently, the use of multi-CSRR resonanet&ches on ground plane of microstrip
antenna for size reduction and gain enhancement |Bl. However, the size reduction is still
low (around 10 % [11]) due to the use of multi-CSRRonances.

In this letter, we report the facial method to ratorize microstrip antenna based on a
single CSRR resonance loaded ground plane. Thegedpantenna parameters were simulated
and evaluated using HFSS software. Furthermorecdhgparative study of microstrip antennas
in both with and without CSRR-loaded ground desibak 2.45 GHz were also presented to
prove that the size reduction up to 77 % and tHeecement of technical parameters such as
gain and bandwidth of microstrip antenna can bkzeshusing a single CSRR resonance.

2. ANTENNA DESIGN

Figure 1 shows the geometry of microstrip antemmdmth with and without CSRR-loaded
ground designed at 2.45 GHz. The antennas arendskign FR-4 substrate with dielectric
constant of 4.4, loss tangent of 0.02 and heigh®.8fmm. The top and bottom patches are
printed on the substrate are the radiating straauad the ground plane.

The dimensions of microstrip antenna without CSB&dkd ground (referred to as normal
antenna) are calculated using the formulas givefldf.Overall and patch dimensions of the
normal antenna are 80 mm x 60 mm and 40 mm x 29 mespgectively. The antenna is fed by
transmission line feeding technique. The sizeaigmission line was optimized to provide0
interfaces and achieve the impedance matchingsitedefrequency as shown in Fig. 1a.

In order to reduce the size of antenna, CSRR wtiiti€ etched on ground plane [11-13].
The CSRR interacts with the electric field and jueg effective negative permittivity its
resonance frequency [11]. By etching CSRR on theunypt plane, the excitation of these
resonators is easily achieved [11, 12]. The resmm&equency of CSRR depends on the size of
the split ring resonator, the gap between the gplif, and the width of the rings. In this design,
the size of CSRR unit cell is turned to obtain desired frequency of 2.4 GHz. The optimized
dimensions of CSRR unit cell are shown in Fig. Tlde CSRR unit cell has inner radius is 3.5
mm, outer radius is 6.5 mm, spacing between riags mm, split gap is 0.5 mm and width of
rings is 1 mm. Then, the CSRR is etched at theecerfitground plane of normal antenna and the
size of normal antenna is continuously reducedrdento have the design frequency of 2.4
GHz. Dimensions of the microstrip antennas with @38aded ground (referred to as MTM
antenna) is optimized as shown in Fig. 1c. Overall patch dimensions of the MTM antenna
are 39 mm x 28 mm (0.34 % 0.22\) and 18.6 mm x 14 mm (0.25x 0.11A.), respectively. It
should be noted that both the patch and overali afethe MTM antenna are approximately
77 % smaller than those of normal antenna.

The antennas have been simulated by the commeétieb software.
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Figure 1 Schematic of antennas: (a) top and (b) bottow wiEnormal antenna and (c) top and
(d) bottom view of MTM antenna (dimensions in mm).

3. SIMULATION RESULTS AND DISCUSSION

In order to investigate the effect and behaviothef planar MTM structure accurately, the
simulation of the SRR unit cell has been perfornidte simulation model is shown in Fig. 2a.
Two waveguide ports are used at positive and negédcations on the x-axis and excited by an
electromagnetic wave in the direction of the x-axitie perfect electric conductor (PEC)
boundary condition is applied to the z-axis, ane yhaxis is defined as a perfect magnetic
conductor (PMC) boundary. A frequency-domain solwexs used for the simulation. The
normalized impedance was set to®0The simulation was performed for the frequenaygem
of 1.0 - 4.0 GHz.
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The S-parameters is extracted and then the peryitind the permeability are retrieved
from S-parameters using Chen’s method [15]. Théofiohg equations are used to calculate
effective permittivity and permeability [15].
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where $ and S, are reflection and transmission coefficients, eefipely; k is the
wavenumber; d is the maximum length of the uniinglet; m is the integer related to the branch
index of n; n is the refractive index and z is teve impedance; p is the permeability; and
the permittivity.

From the right hand of equation (2), the imagingayt of n is not affected by the branches
of the logarithm function, but the real part is gizated by branches of the logarithm function.
In order to verify that the parameters are corrtbet,plot of parameters versus frequency should
be observed which must be continuous. Thus braddxirmust be selected to satisfy this
condition. In this work, we have chosen brand indezero and obtained the plot of parameters
of permittivity and permeability as shown in Figh,& Moreover, in order to check more
accurate the branch index of n, we used the Kraiesig retrieval method [16]. As shown in
Fig. 2b, c, the CSRR unit cell shows negative pitiuity band that lies between around 2.4 to 2.5
GHz. It indicates that the CSRR unit cell preséimtsnegative permittivity metamaterial at desired
resonance frequency band. The similar results alsoeobserved by other groups [17, 18].
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Figure 2 Simulation model (a), retrieved effective periity (b) and permeability
(c) from S-parameters.
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To evaluate the effect of using CSRR MTM structare microstrip antenna design, the
technical parameters of both normal and MTM antenware carried out. Fig. 3 shows the
reflection coefficient (§) of both normal and MTM antennas. Both antennaskwab the same
resonance frequency range of 2.4 GHz. The MTM anateaxhibits § of less than -10dB in a
bandwidth ranging from 2400 to 2510 MHz, which esiti covers WLAN frequency band
allocated from 2400MHz to 24801MHz [19].Compared to normal antenna, the absolataes
of S;; of MTM antenna of 35 dB is enhanced significanMoreover, the bandwidth of MTM
antenna of 110 MHz is much higher than that of radramtenna of 60 MHz. The obtained-10 dB
fractional bandwidth of MTM antenna is 4.5 % atteerirequency of 2.45 GHz.
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Figure 3.Reflection coefficients of the normal and MTM amtas.

1.0
8 Bl —
=
0.8 ;
Q
— S
E 4 ™ e — - w— —— e TS = e ..:1 E
e |.—-— e LUR=
@ =
0 ‘_r"” g
______________ - i
oF S ©
-40.4 =
=———Gain of MTM == - Efficiency of MTM )
Gain of Normal ---- Efficiency of Normal |
4 . . . : . . . 0.2
2.35 2.40 2.45 2.50 2.55

Frequency (GHz)

Figure 4.Gain and radiation efficiency of the normal and M&ntenna.
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(b)

Figure 5.Radiation of the normal and MTM antennas: (a) 3(€) radiation pattern; (b), (f) xoy-plane;
(c), (g) in yoz-plane; (d), (h) in xoz-plane, resipeely.

The gain and radiation efficiency of the normal 8MitiM antennas in frequency band from
2.35 GHz - 2.55 GHz are investigated. Fig. 4 shtdvesgain and radiation efficiency of both
normal and MTM antennas. As shown in Fig. 4, thekpgain and radiation efficiency of normal
antenna are below 2.29 dB and 53 % dB in a bantdwiahging from 2400 to 2480 MHz,
respectively. Compared with normal antenna, botkggin and radiation efficiency of MTM
antenna are improved significantly. The gain of M&@ktenna is above 6.22 dB, meanwhile, the
efficiency remains above 61 % in the working band the maximum efficiency around 65 % at
the resonance frequency.
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Figure 6 3D gain pattern of (a) the normal and (b) MTMeamas.
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Figure 5 shows the directional radiation patterhghe normal and MTM antennas. Both
antennas have quite similar the directional ragliepatterns with maximum power along z-axis
in yoz-plane and xoz-plane. In xoy-plane, both anm#s exhibit an omnidirectional radiation
pattern.

The obtained peak gains of normal and MTM anteraras2.29 dB and 6.46 dB at the
resonance frequency, respectively were shown in &ighe 3-D total gains confirm that the
maximum power of both antennas could be achievatyat-axis.
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The above results indicate that microstrip antemnid CSRR loaded ground plane
achieves size reduction as well as antenna chasdicte improvement such as gain and
bandwidth. The mechanism of reducing size of micipsintenna using CSRR can be explained
though the resonance of CSRR which have smaller than operating wavelength [11, 12].
Therefore, the shift in resonant frequency to aelowalue when CSRR is loaded ground plane
of antenna is main reason in reducing antenna lsim&s reported that the effective permittivity
crosses zero at the near resonance frequency. igtfréguency, the phase velocity in the
substrate tends to be infinite and the resonamcpiéncy of antenna becomes independent with
the physic size of antenna [12]. Meanwhile, thedwddth enhancement can be explained by the
reduced Q of the substrate due to the energy lealtagugh the aperture in the CSRR [12].
Furthermore, the mechanism of improving the charatics of metamaterial antenna was
reported in many literature studies [20,.21]

Tablel. Comparison between the proposed antennas hedplainar antennas.

Ref. Frequency Overall _ fr;:(t)ic()jnBal Ra'di'ation Pegk Pattern
(GHz) antenna size bandwidth (%) Efficiency | Gain Type
Normal 2.43 0.64, x 0.48, 2.47 0.55 2.29dB Directiondl
MTM 2.45 0.32 x 0.22, 4.5 0.65 6.46 dB Directional
[11] 2.4 0.3%y x 0.32, 4.2 - 5.93 dBi| Directional
[12] 2.5 0.4, x 0.24, 3.2 - - 0.23 dB Directional
[22] 2.4 0.4, x 0.4 2.1 0.25 -0.8 dB Directionql
[23] 2.14 0.32¢ x 0.29, 5.3 0.7 2.6dB| Directional
[24] 2.66 0.3%, x 0.35, 12.4 - 1.6 dBi| Directiona
[25] 3.82 0.5, x 0.44, 6.8 0.96 3.85 dBj Directional

Table 1 shows a comparison between the proposed MilMnna and other planar
miniaturized antennas in terms of frequency, oVvenatenna size, -10 dB fractional bandwidth,
radiation efficiency, peak gain, and pattern typean be observed that the proposed antenna is
the most compact planar antenna characterized diy gain and moderate -10 dB fractional
bandwidth.

4. CONCLUSION

A microstrip antenna using negative permittivity MTbased on CSRR-loaded ground has
been demonstrated in order to miniaturize the aatesize and improve the antenna
characteristics. The designed antenna is simulatetl evaluated using HFSS software. The
obtained results indicate that the CSRR loadedrgtqliane of microstrip antenna achieves size
reduction as well as enhancement of antenna cleaisicts. The size of MTM antenna is 77 %
smaller than that of the normal microstrip antedoa to the resonance of CSRR. The MTM
antenna exhibits the antenna resonate at 2.45 @idzgain of higher than 6.5 dB and the
bandwidth of 110 MHz through the whole WLAN bandug, the presented MTM antenna is
suitable for WLAN communication systems.
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TOM TAT

GIAM NHO KICH THUGC ANTEN VI DAI SU DUNG SIEU VAT LIEU CODO TU
THAM AM BANG CACH KHAC CAU TRUC CSRR LEN M\T PHANG DAT UNG DUNG
CHO WLAN

Phan Duy Tung, Phaniit Lam, Ngugn Thi Quynh Hoa

Khoapién tir Vién théng,Pai hoc Vinh
182 L& Duin, Thanh pH Vinh, Tinh Ngl# An, Vit Nam

"Email: ntghoa@vinhuni.edu.vn

Anten vi dii sir dung siéu Wt liéu c6do tir thim am dra trén véc khic ciu tric CSRR Ién
mat phing dat da duoc khio sat nm muc dich giam nho kich thréc va ting hiéu ning aia
anten. Anterduoc thiét ké trén rén vat liéu FR4 va cac & qua md phong thuduoc dua trén
phan mém md ploing HFSS. So & anten vi di thdng throng, anten siéuat lidu cé kich thréc
giam nhd t6i 77 %. Bén enh dé, cac tham&ki thuat caa anten siéuat liéu cing dugc i thién
dang K. Anten siéu §t liéu dé xuat dat dugc tn  cong hrong & 2,45 GHzd6 loi I6n hon 6,5
dB va king thdng 1a 110 MHz trong toard lai tan WLAN. Cac Kt qua dat duoc cho thy
anten siéu t liéu dé xuat la phu kyp cho cadrng ding ¢ dai tin danh cho WLAN.

Tu khéa anten vi di, siéu \at ligu, ayng hrong vong & (SRR), éng hrong vong kb bu
(CSRR), WLAN.
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