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Abstract Split Ring Resonator (SRR) is widely used in research area due to its
compactness characteristics and low implementation cost. SRR can be incorporated
with microstrip line and can be tested for various purposes. This paper, will present
about the wide properties of SRR in term of different size, spacing and rejection of
SRR during transmission. From the result, it shows that when the size of SRR
increases, the resonance frequency decreases. This is due to the inverse relationship
between the SRR dimension and the resonance frequency which also involves the
inductance value. Moreover, the effect on SRR separation also will be studied. As
the distance separation between SRR decreases, the coupling between SRR will be
increased.
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1 Introduction

Split Ring Resonator design has quickly raise attention among researchers where
evidently several types or topologies have been developed in various applications
such as CSRR, BC-SRR. Due to its negative permeability characteristics, it is also
implemented in research area such as dielectric characteristics sensing area. SRR
exhibits metamaterial property which acts as a resonator that split in the opposite
ends of each concentric annular ring. The ring is designed in pairs which have small
gap between them. Subsequently, it is made up of copper or gold [1]. The negative
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permeability behavior of SRR as stated by Pendry [2] can be classified as
Left-Handed Metamaterial (LHM) which is known to behave like a negative index
naturally [3–6]. For the basic operation of SRR, magnetic flux penetrating the metal
ring will induce rotating currents in the rings. Consequently, it will produce its own
flux to enhance the incident field. In addition, the small gap between the rings can
produce large capacitance values. The resonant frequency and the bandwidth of the
SRR can be determined by its total length and its physical width [7]. The resonance
frequency resulted from the split ring resonator is much smaller than the corre-
sponding classical ring or square loop resonators of similar dimension. This is due
to large distribution capacitance between the two rings. The resonant frequency is
dependable on several factors such as thickness of the ring, inner diameter, and the
split gap as well as the electrical permittivity which will be explored in this
paper [8].

In term of Q-factor, this metamaterial resonator carries a high Q-factor along
with the small size dimension. Subsequently, due to its compactness, SRR performs
better [9]. Refering to the microstrip technology, SRR can only be etched in the
upper substrate side and next to the microstrip transmission line. Therefore the
coupling between SRR and microstrip line can be strengthen by reducing the gap as
small as possible. This paper focuses on the factor that can affect the performance of
SRR. Consequently, the size of SRR remains constant. However, several parame-
ters or configuration of SRR can be developed against the performance which
includes different length of SRR, the position and the number of array added in the
SRR design.

2 Design of Split Ring Resonator (SRR)

SRR can be included in metamaterial structure that has split at the opposite ends of
each annular ring. This concentric annular ring usually is designed in pair which
have small gap between the rings. Schematic diagram of split ring resonator
including its parameter is shown in Fig. 1. All the details and specification of
parameters are tabulated in Table 1.

However, the outer rings and the inner gap are important factors that need to be
taken into consideration when designing SRR since it represents the capacitance
and inductance of the SRR [10].

When microstrip line is loaded with SRR, it will produce higher Q factor and
will act as bandstop filter. A better performance can be achieved when SRR array is
added to microstrip transmission line as shown in Fig. 2. Width of transmission line
is represented by w; gap between transmission line and SRR represent b; gap
between SRR ring is a; g, c and d represent the gap, width and length of SRR
respectively [12].

In this SRR array design, R04003C is used as a substrate together with 50 Ω
microstrip line. The thickness of substrate is 0.813 mm with the dielectric constant
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of 3.38. Figure 3 shows the side view of SRR design includes 50 Ω transmission
line with a width of 1.8653 mm. In this design, the substrate has been laminated
with 0.035 mm of copper layer. Table 2 shows the dimension of SRR used in this
work.

Fig. 1 Schematic diagram of a SRR with strip of width, w, outer length, aext , inner length, aavg,
with ring spacing, d and split gap,g, b thickness of metallic strips, t, printed on dielectric substrate
with thickness, h [10]

Table 1 SRR dimension and parameters [11]

Parameter Definition

fo Resonant frequency
1

2Π
ffiffiffiffiffiffiffiffiffi
LTCeq

p
LT Total equivalent inductance for a wire of rectangular cross section of a single

SRR having finite length, l and width, w
0.0002l 2.303 log10

4l
w − γ

� �
μH

l=8aext − g

γ Constant for a wire loop of square qeometry, 2.853
Ceq Total equivalent capacitance with series capacitance, Co and gap capacitance, Cg

Co +Cgð Þ
2

Co 4aavg − g
� �

Cpul

aavg aext −w− d ̸2
Cpul Capacitance per unit lengthffiffiffiffi

εr
p

c̸oZo
Zo Characteristic impedance, 50 Ω
co Velocity of light in free space, 3 × 108

Cg
εowt
g
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3 Distance Separation Between Each SRR

The dimension of SRR is calculated based on the resonant frequency at 5.8 GHz.
The first factor that can be discovered that can be taken into consideration when
designing SRR is the distant separation between each array of SRR. In this part, the
length of the SRR, d, is being fixed for its value. The only parameter that has been
manipulated is the distance between SRR (s). Tzong-Lin Wu on his Microwave
Filter Design lecture stated that the distance between each resonator as λ/4. The
value of wavelength λg can be obtained by using Eq. 1 [13].

λg =
c
ffiffiffiffi
εr

p
f

ð1Þ

Fig. 2 Schematic view of
SRR coupled to a
transmission line

Fig. 3 Side views of SRR
with its parameters and
dimensions

Table 2 Dimension of SRR

Parameter Dimension (mm)

Gap between transmission line and SRR, b 0.3
Gap between ring of SRR, a 0.3
Width of ring of SRR, c 0.5
Length of SRR, d (d is varies in this experiment) 4.6, 4.8, 5.0
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Where;
c = speed of light, 3 × 108

εr = dielectric constant of a substance, 3.38
f = resonant frequency, 5.8 GHz

λg =
ð3× 108Þ
ffiffiffiffiffiffiffiffiffi
3.38

p� �ð5.8GÞ
λg =0.02813

After obtaining the value of λg, three different distances between SRR, s have been
decided to be tested which are λg ̸2, λg 4̸, λg 6̸. The length of SRR is fixed to
4.6 mm for all three simulations whereas the distance is varied accordingly. The
schematic diagram and the results of simulation for three different distance of SRR
are shown in Fig. 4.

As illustrated in Fig. 4, then the separation distance between SRR (d), decreases
from λ/2 to λ/4, the coupling increases and the transmission spectrum of microstrip
line falls to –7.461–13.12 dB. For a shorter separation which is λ/6, two resonances
appear [14].

Fig. 4 Split Ring Resonator (SRR) along with microstrip line shows the distance separation, s and
side length of each SRR, d, in (a) and transmission spectrum of microstrip line for distance λ/2,
λ/4, and λ/6 (b)
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4 Implementation of SRR with Different Side Length
and Array Configuration

In this part, the SRR are being used and the properties of SRR in term of distance,
length of SRR are being varied and analysed. By referring to schematic diagram in
Fig. 4a, SRR are being tested with different value of side length of SRR (d) and the
rejection of frequency resonant of SRR is observed. The distance separation
between each SRR, s, is fixed to λ/4. Three different lengths of SRR are sketched
which are 4.6, 4.8 and 5.0 mm. In this case, the substrate is a 1.89 mm-thickness of
Roger 4003. Figure 5 will show the simulation result for three different length of
SRR used.

The observations have been made based on the value of the rejection when the
array of SRR was added onto the design. Some observations also have been made
on the changes of resonance frequency when different length of SRR is used.
Table 3 shows the result for this simulation.

Three different lengths of SRR are tested for a single array of SRR as shown in
Fig. 5. From the Table 3, it can be concluded that if the side length of SRR or the
size of the rings increases, the resonance frequency will decrease.

fo =
1

2Π
ffiffiffiffiffiffiffiffiffiffi
LTCeq

p ð2Þ

aext = aavg +w+ d 2̸ ð3Þ

Where;
LT = Total equivalent inductance
Ceq = Total equivalent capacitance

From Eq. 2, the total equivalent inductance, LT is inversely proportional to the
frequency. By referring back to Table 1, the equation of LT includes l and w pa-
rameters which represent length and width of SRR. For the l equation, it incor-
porates aext as a part of its equation which is shown in Eq. 3. Therefore, from Eq. 3,
it clearly can be seen that the length of SRR which is represented by d can influence

Fig. 5 Transmission spectrum of SRR array when d is 4.6, 4.8 and 5.0 mm
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aext . The SRR dimension represented by d and aext are directly proportional to LT
which indicates any increase in the d or aext will increase LT , thus decreasing the
resonance frequency as shown in the illustrated results.

5 Conclusions

When implementing SRR into microstrip line, if more than one SRR cell is being
used, the distance of separation between each SRR can be neglected. The small
changes can be considered insignificant. Distance of λ/4 is widely used by
researchers when working with SRR. The relation between the lengths of SRR with
frequency rejection can be clearly seen in this work. Therefore, it can be concluded
that if the size of the SRR rings increases, the resonance frequency will decrease.
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