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Abstract---Split ring resonator is area of major
research in recent years especially in the field of
fluid sensing, because of their ease in fabrication
and moderate quality factor and resonant
frequencies. Split ring resonator provide shift in
resonant frequency after system is perturbed by
introducing a small amount of fluid into the system.
In this paper a simulation based sensitivity analysis
has been carried out to choose a split ring resonator
which can provide maximum shift in resonant
frequency when a sample mixture of polar liquids
perturbs the system. Simulation results show effect
of length of split ring resonator and orientation of
micro-capillary tube on resonant frequency and
quality factor. A comparison has been presented on
obtained results.
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I. Introduction

Study of compositional and molecular structure
of wvarious polar liquids is very useful for
synthesizing process in pharmaceutical, chemical,
fertilizer, food processing and other industries.
Permittivity is used to find knowledge regarding
compositional and molecular structure of materials
and material behavior in  electromagnetic
environment [1] [2] [3]. There are two major
microwave methods to explore composition of polar
liquids i.e.,, non-resonant methods and resonant
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methods. Resonant method provides solution

at discrete frequencies [4] and considered more
precise as compared to non-resonant methods which
provide solution at broadband frequencies [5].

Non-resonant methods are categorized amongst
reflection and transmission methods and includes
coaxial probe, parallel plate measurements and open
space systems [6]. Resonant method on the other
hand includes perturbation technique for which
resonators of different configuration are utilized.

In resonant perturbation method, material under
test (MUT) is introduced inside the gap of split ring
resonator (SRR), as shown in Figure 1. Introduction
of MUT changes the electromagnetic properties of
the system [7]. These changes can be measured in
form of shifts in resonant frequency f, and quality
factor Q [8].

In this paper, sensitivity analysis of SRR with
micro-capillary tube in different orientations have
been discussed along with effects of resonator length.

Il. Theory

SRR is a lumped-element device that can be
modeled using LC circuit. A simple SRR structure is
shown in Figure 1. Metallic cylindrical loop acts as
inductor while longitudinal gap acts as a capacitor
[9]. Magnetic field (H-field) surround the SRR’s loop
whereas electric field (E-field) is induced inside the
resonator gap [10] Mathematical relation for

Ir-

Figure 1 Structure for split ring resonator (a) Design of split ring
resonator in metallic shield cavity (b) cross sectional view of
split ring resonator with shield cavity

(t

resonant frequency of LC circuit is
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In above equation L represents the overall
inductance while C represents overall capacitance.
Similarly mathematical relation for quality factor of
LC circuit is

w _ f

Q= 1-= Af ()

Perturbation is achieved when small amount of
dielectric samples, with some value of relative
permittivity, is placed in resonant structure. Due to
which both the above mentioned resonant parameters
changes. Relation between real and imaginary parts

of permittivity, f, and Q was observed as [11]

and methanol was used in different composition
inside the micro-capillary tube at room temperature
(25° C) in Ansoft HFSS. Micro-capillary tube
containing sample liquid mixture was introduced
horizontally from the side wall of shield cavity and
inside the SRR gap. HFSS parametric setup was
designed for sample liquid within micro-capillary
tube. Range for real and imaginary parts of relative
permittivity for the two liquids for parametric setup is
given in Table 2 [16]. Another parametric setup for
length of resonator from 3 mm to 15 mm with the
step size of 3 mm was also designed in Ansoft HFSS.
Results of different values for permittivity at different
resonator lengths is shown in Figure 2.

Category 2: This design is similar to category 1

& = Af; (3) except for the orientation of micro-capillary tube
1 which was placed vertical to E-field i.e., micro-
g = A <6> 4 capillary tube was introduced vertically from the top

SRR is enclosed inside a metallic cavity to
prevent excessive radiation loss, thereby maintaining
high Q for microwave frequencies. Micro-capillary
tube containing solvents can be introduced either
parallel to E-field or perpendicular to E-field inside

of shield cavity inside the SRR gap. Same parametric
setups were designed as in category 1. Results were
obtained which are shown in Figure 3.

TABLE 1 - OPTIMIZED DESIGN PARAMETERS

the capacitive split [9] which in turn perturbs Design Parameters Values
properties of system [12]. Both orientations of micro- . .
. . . - . Inner Radius of Outer Shield ‘Ry’ (mm) 22
capillary tube are discussed in detail in this paper.
. Inner Radius of SRR ‘ry’ (mm) 5
I11. Design Structure and
. . Width of SRR ‘W’ (mm) 6
Simulation
Ansoft HFSS (version 13) [13] was used to Gap of SRR “t” (mm) 2.2
Qe5|gn 3-D m(_)del o_f SRR with mlcro—caplllary 'Fube Height of Shield ‘h’ (mm) 32
in different orientations. These models were divided
into two sub categories. Thickness of Outer Shield ‘d’ (mm) 7

Category 1: Micro-capillary tube introduced into
SRR gap horizontal to E-field
Category 2: Micro-capillary tube introduced in SRR
gap vertical to E-field.

Optimized parameters of SRR and cylindrical
cavity worked out in earlier research [14] is shown in
Table 1. Aluminum and copper was used to design

TABLE 2 - REAL AND IMAGINARY PART OF
RELATIVE PERMITIVITY OF ETHANOL AND
METHANOL AT 0.1 GHz & 25° C

cylindrical cavity and SRR respectively [15]. Ethanol Methanol
Simulations pertaining to both categories are
discussed below._ o el = 2443 2l = 32.66
Category 1: This design involves a SRR, enclosed
inside a shield, with a micro-capillary tube placed in . .

e =2.05 & =0.86

horizontal direction of E-field. To sense frequency
shift pertaining to polar liquids, mixture of ethanol
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(a) Resonant frequency as a function of real part of permittivity
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(d) Quality factor as a funtion of imaginary part of permittivity

Figure 2. Resonator parameters for horizontally oriented micro-capillary tube
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(b) Quality factor as a function of real part of permittivity
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(c) Resonant frequency as a function of imaginary part of permittivity

&00.00
550.00
S00.00
450,00
400.00
¥50.00
300.00
250,00

200.0C

150.00
086 099 112 126 139 1% 18&% 179 192 105
E"
(d) Quality factor as a function of imaginary part of permittivity

Figure 3. Resonator parameters for vertically oriented micro-capillary tube
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I\VV. Analysis and Discussion

In this section simulation results of two different
configurations of SRRs have been discussed,
analyzed and compared with respect to the shift in f,
and change in Q.

Category 1: Figure 2 shows the response of system
when real and imaginary part of MUT was varied
depicting change in liquid composition. It can be
observed from Figure 2, that resonance frequency f,
of system varies when real part of permittivity
changes. Whereas Q of the system varies when
imaginary part of permittivity changes. It can also be
observed from Figure 2(a) that the maximum shift in
f. occurs when resonator height is 3 mm.

Category 2: Figure 3 shows response of system
when real and imaginary part of permittivity of MUT
is varied. Similar kind of results were achieved in this
configuration also. It was observed that in this case,
maximum shift in f, was achieved for resonator
length of 15 mm.

Detailed results of shift in f, for both categories is
shown in Table 3. It can also be observed that for
vertical orientation of micro-capillary tube, frequency
shift increases with increase in SRR length.
Comparison: Figure 4 shows comparison between
category 1 and category 2. It can be observed that
placement of micro-capillary tube both in horizontal
and vertical orientations yielded almost same
frequency shift but at different resonator length.
Figure 4(a) shows the variation in f, with respect to
the real part of permittivity in both configurations. It
can be observed that for horizontally orientated
micro-capillary tube, frequency shift for the given
range of real permittivity is 19 MHz at resonator
height of 3 mm. Whereas in case of vertically
oriented micro-capillary tube, frequency shift is also
19 MHz but at resonator height of 15 mm as shown
in Table 3. As against equation (3) and (4) mentioned
above, slight change in Q was noted for the variation
in real part of permittivity which is shown in Figure
4(b) which shows that real part of permittivity has a
negligible effect on Q which can be ignored. Figure
4(c) shows marginal shift in f. with respect to
variation in imaginary part of permittivity while
Figure 4(d) shows continuous variation in Q with
change in imaginary part of permittivity. It can also
be observed that Q changes very smoothly when
imaginary part of permittivity changes. Frequency
shift for each resonator length in both orientations is
given in Table 3.
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Figure 4. Comparison between resonator parameters for both orientations
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TABLE 3 - FREQUENCY SHIFT FOR EACH SIMULATION

Resonator Horizontally oriented micro-capillary tube Vertically oriented micro-capillary tube
Length
) Maxf, | Minf, AT, Max T, Mint, AT,
(GHz) (GHz) (GHz) (GHz) (GHz) (GHz)
3 2.241 2.222 0.019 = 19 MHz 2412 2.404 0.008 =8 MHz
2.272 2.259 0.013 =13 MHz 2.225 2.210 0.015 =15 MHz
2.297 2.285 0.011 =11 MHz 2.165 2.149 0.016 = 16 MHz
12 2.311 2.297 0.013 =13 MHz 2.113 2.094 0.018 = 18 MHz
15 2.330 2.317 0.013 =13 MHz 2.099 2.080 0.019 =19 MHz
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