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A compact co-planar waveguide (CPW) based triple-band printed conformal antenna for on-body applications
is presented in this research. In order to accomplish impedance matching, a coplanar structure is employed with
the ground on the same plane, and this is printed on the top layer of a polyimide substrate of 0.6 mm thickness.
The proposed conformal antenna consists of two identical patch elements. The radiating element is made up of
two split ring resonators positioned on the top of the feeding element. The suggested on-body antenna has an
overall miniaturized size of only 35 x 37.5 mm?2, making it ideal for use in the biomedical field. The designed
antenna is capable to cover various spectrum spanning from 2.387-2.618 GHz, 4.2-4.64 GHz, and 6.23-6.56 GHz
with a 2:1 voltage standing wave ratio. The designed antenna is fabricated and antenna parameters are measured
which is correlated with simulated results. The antenna achieves a total gain of around 5 dBi with radiation
efficiency of up to 95 % over the various operating spectrums. To validate the conformality over curved surfaces,
the fabricated prototype of the proposed antenna is bent at 30°, 45, 90° angles and the measured results are
compared with simulation results of the bending analysis. Furthermore, to validate the on-body performance of
the antenna Specific Absorption Rate has been calculated through simulation and it is found to be lower than
1 W/Kg over all three bands of spectrums which proves that the proposed bio-medical antenna could be a viable

candidate for microwave imaging applications.
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1. INTRODUCTION

The demands for wearable devices are increasing very
rapidly with the recent advancement in wireless
communication technology due to its important
applications in various sectors, most importantly for
biomedical equipments in health sectors. With this
remarkable growth in flexible and wearbale printed
electronics, the high performance efficient
flexible/conformal/wearbale antennas are distinctly
sought after to fulfil the advanced requirements of various
applications. In recent years, deploying microstrip
(printed) antennas for health monitoring applications has
been the subject of substantial study in the field of
biomedical applications. Because of their intended
application in Implantable medical devices (IMDs), the
antennas need to be small, lightweight, and human-body-
conforming. The wirelessly connected medical implants
might be placed almost anywhere in the body. However,
these IMDs have short battery lives and need to be
recharged regularly. There is a solution to this issue in the
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form of on-body devices [1] that strengthen the
communication between the medical practitioner and
patient without the need for wires to the batteries. When
used for on-body applications, the implemented antennas
should have certain characteristics such as compact size,
capability to operate at multiple bands, higher operating
bandwidth, high efficiency, Conformal structure,
acceptable specific absorption rate (SAR) etc. for real-
world applications. Several antennas with high
bandwidth, efficiency, and compact size etc. are reported
in literature [2-5] but these designs are neither conformal
nor suitable for on-body applications. Afterwards,
conformal or flexible antennas are proposed but they are
applicable only for off-body communications [6-8]. In
literature some printed flexible/wearbale antenna designs
are also reported for wireless body area network [9-10],
health monitoring [11], telemedicine devices [12],
telemetry services [13], and biomedical [14] applications.
The Wideband and UWB antennas suffers from
interference due presence of other co-existing narrow
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bands within wide frequency spectrum, hence UWB
antenna needs to be integrated wirh filters or it should
operate with notched bands.

In order to reduce these design complexity and cost, we
have proposed a triple-band antenna that is printed on a
0.6 mm thick polyimide substrate for conformal bio-
medical applications. As, the antenna operates at separate
multiple bands, so there is relatively less possibility of
intereference with other nearby bands compared to UWB
antennas. The developed conformal antenna functions at
2.5 GHz, 4.5 GHz, and 6.5 GHz covering the frequency
spectrums from 2.387-2.618 GHz, 4.2-4.64 GHz, and
6.23-6.56 GHz, respectively to be utilized for Medical
Implant Communication Service (MICS) and Industrial,
Scientific, and Medical (ISM) bands applications. The
antenna achieves gain of up to 5 dBi with a high radiation
efficiency of around 92 % which is substantial for recent
and advanced wireless communication systems. Further,
the performance of the antenna is validated by calculating
Specific Absorption Rate (SAR) for all the bands of
resonance which ensures the proposed design could be
useful for biomedical applications.

This research would make significant contributions,
some of which are noted below.

i. The proposed antenna has been printed on a very
thin (0.1 mm thickness) polyimide bio-compatible
substrate with superior radiation characteristics.

ii. Because of the Co-planar structure, maximum
radiation is achieved above the surface of the proposed
antenna which prevents unwanted radiation of EM
signals.

ii1. As the antenna is printed on a thin substrate, the
designed antenna could be folded as much as possible
without degrading the performance.

iv. The designed antenna not only covers the ISM band
(2.45 GHz), but it also covers other useful spectrums (5.5
GHz and 6.5 GHz) for modern wireless applications.

v. With such a low profile, the proposed antenna
archives a maximum gain of up to 5 dBi and radiation
efficiency of around 92 % over the desired band of
operation.

2. DESIGN AND METHODOLOGY

The suggested antenna is completely printed on a
polyimide substrate of 0.6 mm thick with a dielectric
constant of 3.5. Initially, two complimentary split ring
resonators (CSRRs) are located at the left and right top
edges of the feeding strip whose length is L1 x Wz =
27 x 27 mm?2. To reduce the overall dimension of the
antenna two CSRRs are rotated with an angle of 45° as
shown in Figure 1 (a). Because of the coplanar waveguide
(CPW) configuration of the proposed antenna, its two
grounds have been printed on the substrate's top surface.
The suggested antenna is prototyped, and its meaningful
performance is verified by measuring and analyzing its
antenna characteristics. Figure 1 (b) depicts the final
product of the fabricated antenna prototype. The
dimensions of proposed antenna's different structural
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parameters are L = 37.5, L1 =27, L2 = 12.235, L3 = 9.1195,
Lys=13, W=35, W1 =15, Wo =27, W3 =0.94, Wy = 1.3591
[all dimensions are in mm].

The progressive design evolution of the CPW Antenna
is demonstrated in Figure 2 (a) and the corresponding
variations in reflection coefficients for different stages of
modifications are shown in Figure 2 (b). Initially, a single
microstrip line is designed and named case 1. As shown in
Figure 2 (b), the design specified in case 1 suffers from an
impedance matching problem and is not able to resonate
at all anywhere in the spectrum ranging from 0 to 10 GHz
with below — 10 dB reflection coefficient. Then two
concentric square elements have been added (case 2) at the
top corner of the microstrip line as shown in 2 (a).
However, the structure in case 2 provides single band
resonance only at 5 GHz. Finally, a small opening has been
made at square elements (proposed antenna) as shown in
Figure 2 (a) to behave like a split ring resonator (SRR).
The proposed antenna is now able to yield resonance at
three bands centered at 2.45 (2.387-2.618 GHz), 4.5 (4.2-
4.64 GHz), and 6.5 GHz (6.23-6.56 GHz) with significantly
well improved reflection coefficients at each resonant
frequency [depicted in Figure 2(b)].

(a)

(b)

Fig. 1 - Proposed CSRR-inspired Antenna (a) structural view (b)
fabricated prototype
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Fig. 2 — (a) Design evolution of the proposed antenna (b)
Reflection coefficients of Case 1, Case 2, and proposed CPW
antenna

3. RESULTS AND DISCUSSIONS

Figure 3 depicts the proposed antenna's reflection
coefficient characteristics. The S-parameter of the
proposed antenna is measured using a well calibrated
Anritsu MS2037C combinational vector network analyzer.
Across all three frequency ranges, the antenna's reflection
coefficient is more than 10 dB. The first band includes the
conventional ISM band at 2.45 GHz, and the remaining
two bands (4.5, 6.5 GHz) covers the spectrum for wireless
applications.
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Fig. 3 — Reflection Coefficient of the proposed antenna

The radiation performance parameters (Radiation
patterns, gain, and radiation efficiency) of the proposed
antenna are also measured and compared with simulation
results. The radiation parameters are measured in
anechoic chamber. The photograph of the measurement
setup in anechoic chamber is depicted in Figure 4.
Radiation patterns of the recommended design in two
dimensions at frequencies of interest are shown in Figures
5 (a-c) for 2.5, 4.5, and 6.5 GHz. It is noticed that the
antenna exhibits omni-directional radiation pattern with
cross polarization better than 25 dB over the complete
band spectrums. The antenna also achieves an overall gain
of around 3.25-5.5 dBi with peak radiation efficiency up to
95 % as shown in Figure 6 (a) and (b), respectively in the
desired band of spectrums which is highly acceptable for
the antenna to be operated for bio-medical applications.
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Fig. 5 - Simulated and Measured Radiation Pattern of the
proposed antenna (a) 2.5 GHz, (c) 4.5 GHz (d) 6.5 GHz
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Fig. 6 — Radiation Performance (a) Gain, (b) Efficiency
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4. ON-BODY ANALYSIS

This section presents the on-body analysis of the
proposed antenna by showcasing the antenna attached to
human phantom model to judge its adaptability for weable
applications by calculating its specific absorption rate
(SAR). The results of a study assessing the proposed
antenna's adaptability under a range of deformation
conditions and in relation to a number of anatomical
locations on the human body are shown in Figure 7. The
phantom's model was built via CST MWS, and it consists
of four different layers representing skin, fat, muscle, and
bone. Materials and design parameters for the human
body phantom are consistent. The SAR analysis of the
propsed conformal antenna is depicted in Figure 8. Table
1 lists the primary features of every layer in particular.
Using a simulation study, we examine the impact of
stacking on antenna performance. The 1g and 10g of body
tissue employed in this study did not have a specific
absorption rate (SAR) higher than the maximum value
authorized by the Federal Communication Commission
(FCC) as shown in Table 2.

Fig. 7 - On-Body analysis of the proposed wearable antenna

2.5 GHz

6.5 GHz

(e)

Fig. 8 - SAR analysis of the conformal antenna

Table 1 — Conductivity features of human tissue

Name of the Human Skin Fat Bone ([Muscle
Tissue

Dielectric constant 30.95 5.152 12.362 51.9856
&)
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Conductivity (S/m) 5.4856 0.09 3.758654 | 1.92583
Loss tangent 0.3654 0.198654 0.27 0.256478
Density (Kg/m?) 1100 1100 1850 1060
Table 2 — Antenna absorption rate at different body locations at
various frequencies
Frequency Position SAR (1g) SAR
of (10g)
Operation
Chest 0.786 0.661
Stomach 0.7785 0.782
2.5 GHz Hand 0.857 0.552
Thigh 0.75 0.5102
Chest 0.798 0.789875
Stomach 0.8796 0.89965
4.5 GHz Hand 0.7546 0.75548
Thigh 0.7985 0.56528
6.5 GHz Chest 0.785 0.658
Stomach 0.6525 0.7854
Hand 0.65123 0.8546
Thigh 0.72564 0.75648
Chest 0.8654 0.79865

5. CONFORMABILITY ANALYSIS

This section examines the antenna's durability by
experimenting with different bending angles. The angle
has been varied from 30° to 90° as shown in Figure 9 (a) —
(e) and the corresponding reflection coefficient is plotted as
illustrated in Figure 10. Clearly, the antenna's
malleability does not come at the expense of its signal-
sending efficiency. Table 3 compares the performance of
the designed antenna with other antennas presented in
the previous studies. The antenna comparison is done with
respect to the size of the antenna, frequency of operation,
application, and conformability. The proposed antenna is
smallest in dimension and displays superior performance
in terms of supporting the spectrum of multiple operating
bands, conformability. The antenna communicated in this
research could find its place in on-body wearable
applications.

Fig. 9 — Various bending configurations of the proposed antenna
(a) —(c) Measured (30°, 45, 90°) (d)—(f) Simulated (30°, 45, 90°)
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Fig. 10 — Conformal Analysis of the proposed antenna

Table 3 — State of Art Comparison with antennas presented in
the literature

Ref. |Antenna Frequency of | Application Confor-
size Operation mability
(mm?2) (GHz)
[2] 300 x 300 | 0.34-10.28 UWB No
[3] 65 x 45 1.811 UWB No
[4] 50 x 41 3-11.4 UWB No
[5] 22 x 19 |4.2-5.0, 8-12.2| Communicati No
on
[6] 75 x 75 1-6 Communicati Yes
on
[7] 92 x 25 0.984-1.052 RFID, Yes
Sensing
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VY pobori mpejicTaBiieHa KOMIIAKTHA TPHUI1AIa30HHA IPYKOBaHA KOH(OPMHA aHTEHA HA OCHOB1 KOILIIAHAPHOIO
xsuiteBoxy (CPW) miia sacrocyBanus B Menuinai. [{o6 qocartu ysromxeHHs iMIIeJaHCY, KOMILIAHAPHA CTPYKTypa
BHKOPHCTOBYETBCA 13 3a3eMJICHHSAM HA OIHIM IJIOIIWHI, 1 I JPYKyeTbCcd HA BEPXHHLOMY IIapl ITOJIiiMimgHOL
migrragku topumHOB 0,6 MM. IIpomoHoBaHa KOH(pOPMHA aHTEHA CKIANAETHCS 3 JBOX OJHAKOBUX HAKJIATHUX
€JIeMeHTIB. BHIIPOMIHIOBAJILHUI €JIEMEHT CKJIAJAE€ThCs 3 JBOX PO3JUJIEHHUX KIJIBIEBHUX PE30HATOPIB,
PO3TALIOBAHUX Y BEPXHIM YACTHHI *KUBUJILHOTO €JIeMEHTA. 3AIllPOIIOHOBAHA HAKJIAJHA aHTeHA Mae 3arajbHUN
MiHIaTIOpHUHE poamip juire 35 x 37,5 Mm2, m0 poOuTs ii i1eaIbHO0 I BUKOPUCTAHHS B Ol0MEIUYHIN rairysi.
Pospobiiena anTena 3maTHA OXOILTIOBATH PI3HUM Mlamas3oH miama3ony Big 2,387-2,618 I'T', 4,2-4,64 I'T'ir 1 6,23-
6,56 ['T'1r 13 cHiBBIAHOIIIEHHSM CTOSYMX XBHJIb Haupyru 2:1. Po3pobiieHa aHTeHA BUTOTOBJISIETHCS, IapaMeTpH
QHTEHHM BHMIPIOIOTHCS, 10 KOPEJIIETHCS 3 Pe3yIbTaTaMU MOJIEJIIOBAHHS. AHTEHA JI0CATae 3arajIbHOTO IIOCUJICHHS
6sim3pk0 5 1Bl 3 edpexTUBHICTIO BUIIpOMiIHIOBAHHS 10 95 % y pisHuUX poboumx crerTpax. Jis miarBepasxkeHHs
KOH(OPMHOCTI Ha BUTHYTUX IIOBEPXHIX BUTOTOBJIEHAN IIPOTOTHII 3aIIPOIIOHOBAHOI AaHTEHH 3TUHAETHCS i KyTaMuI
30°, 45, 90°, a pe3dyIbTaTH BUMIPIOBAHB IIOPIBHIOIOTHCS 3 Pe3yJIbTaTaMy MOJIeJII0BaHHSA aHaIi3y BUuruty. Kpim toro,
w00 mepeBipuTH ePeKTUBHICTH aHTEHW, 3a JOIIOMOIOI0 MOJEJIIOBAHHS OyJI0 pO3PaxOBaHO IIMTOMHUN KoedillieHT
HOrJIMHAHHSA, 1 BUABJIEHO, IO BiH HuKUMi 3a 1 BT/kr y Bcix Tphox miamasoHax CIIEKTPY, IO JOBOIUTD, IO
3ampoIIOHOBAaHA OlOMeIMYHA aHTeHA MOsKe OyTH BUKOPHCTAHA JJIs 32CTOCYBAHHS B MIKPOXBHUJILOBOMY [1aIIa30HI.

Kmiouosi cnosa: JIpyrkoBana aurena, Koudopmua anrena, Tpumianazonna anrena, SAR, Biomemuiuna.
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