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Design of an Electrically Small Antenna Using
Metamaterial Structure
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ABSTRACT

In this paper, a novel electrically small monopole type resonant antenna is proposed. The very
short length monopole ((=2,/15) acts as a capacitive element and the slot on the ground
structure acts as an inductive element , hence the combined system with these two elements thus
form an LC resonator. The equivalent circuit model of the antenna structure was used to analysis
and qualify the design correctness. Although the proposed antenna has very small size, it shows
good performances. The measured maximum gain and radiation efficiency of the fabricated
antenna at the frequency of 2.1 GHz was 3.6 dBi and 77.8 %, respectively.
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Fig. 1. The electrically small antenna and
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Fig. 2. The schematic diagram of electrically
small antenna based metamaterial structure
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Fig. 4 Equivalent circuit of the proposed antenna
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Table 1. Calculated values of circuit elements

Capacitance (pF) Inductance (nH)

¢ 13 L, 4

C, 0.15 L, 36
Resistance ( Q )

R, 40.7 K , 0.637

Ry 81 K 4 0.779
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(b) 3-D field simulation
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Fig. 5 The loci of input impedances of the
proposed antenna

SHllvke]l #3 Fikee 2035 GHzol™ 170
Mzl Qe o (SR < 2)& vehl
sleh. 13 6 Agkel kelve] e WA AR
W oEY A% WEs Jeliglel Ao a4
Wyl 4714 23 Qe AAsel njo)
129) 2o HAW Apoleli= ul$
s

Aol Uehla 9ee 5



28 SRYLHXSMII2EI=2X H3HF ME

Ark AR <L AR HMEE TR
A AR JA "ol FAH e £
o] FHE Bt 323 glon o]& gl
S7H o R YR Aol vehtAl "k ARk
| EuE 428 2eEZ 20 YElE 834
A RS PR &5 720 2 /el
g s e dduolx fdulds Aol o
FojAm Ay &3] WAF JiT FEE Eske]
st ew At | E WAKSEaL Qi

- < = &£ & 5 F oy )
< T A A o L

a7 6 MARE I EW MRUS

Fig. 6 Field and surface current distribution
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Fig. 7 Photo of the fabricated antenna
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Fig. 9 Measured three—dimensional radiation
pattern
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Table 2. Measured efficiency and maximum
gain of the antenna
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Frequency Maximum gain Efficiency
(MHz) (dBi) (%)
2000 2.99 724
2040 2.99 73.6
2100 3.60 77.8
2200 2.49 64.9
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