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Abstract
A compact dual layer conformal wearable quad band antenna is proposed for wireless body
area network applications. The proposed button like patch antenna resonates at 2.5 GHz
(industrial, scientific, and medical bands)/3.6 GHz sub six 5G band/5.75 GHz (wireless local
area network/ISM band)/ and 9.8 GHz (X band) frequencies. The circular textile antenna is
constructed with jean and polydimethylsiloxane substrate having a slotted ground of radius
10 mm and thickness 1.5 mm. The simulated gains obtained at the operating bands are
1.85/2.03/1.49/3.27 dBi, respectively.The designed antenna’s directed radiation pattern assures
reduced backward radiation to body tissue. The specific absorption rate (SAR) analysis for the
antenna at multiple resonant frequencies has also been reported, which are well below the SAR
threshold of 1.6 W/kg for 1 gm of tissue, indicating that the model works adequately for wear-
able applications.The experimental characterization on- and off-body of the fabricated antenna
validates the simulated results.

Introduction

Rapid technological advancement in the field of wireless body area networks (WBAN) paved
the way for multiple real time applications including health care industry, emergency rescue,
defense, location tracking, sports, and physical fitness etc. WBAN enables either on-body or
off-body communication in which information can be communicated between devices within
on the body or to remotely connected devices and servers like in hospital for health care
monitoring. WBAN application requires wearable antennas with special features like, comfort,
compactness, durability, flexibility, robustness, and higher gain. Body tissues are highly vulner-
able to electromagnetic signals, thus wearable or any on-body antenna should have low specific
absorption rate (SAR) which can be easily achieved with low back radiation. Extensive research
on wearable on-body antennas is performed. Wearable antennas are designed as printed,
embroidery or button types in rigid (FR-4) and flexible (Jean, polydimethylsiloxane [PDMS])
substrates to suit the application [1–9]. Antenna performance is evaluated in the presence of
water andmoisture and shows that textilematerial has a larger impact on performance degrada-
tion on longer life. Rigid materials are long lasting with better performance but not comfortable
for wearing. Thus flexible and comfortable substrate like PDMS is always a better equivalent
providing good performance. Most applications comply with dual band antenna compared to
single band antennas for wireless applications [10–17].Most dual bandwearable antennas oper-
ate in 2.4 and 5.8GHz frequency bands falling in industry, scientific, andmedical application. In
order to accommodate high data rate andmultiple operation frequencyMultiple InputMultiple
Output (MIMO) and reconfigurable antennas are preferred [18–20]. Miniaturization is another
important factor on antenna design, miniaturized antennas with stubs, slots and fractals can
improve the number of operating bands with wider bandwidths [21–27]. Pattern and polariza-
tion diversity button antennas are suitable for on/off-body applications [28–32]. In wearable
antennas button antennas are prominently used as they are easily designed with metallic struc-
tures or snap buttons themselves act as radiators with different arrangements to make multiple
bands with better performance.Their ease of integration to cloths and comfort of wearingmake
it as a best choice of wearable antenna for WBAN application.

This paper presents a miniaturized novel circular button antenna with multiple bands using
PDMS and jean as the substrate. Full ground plane with an arc minimizes the SAR value with
an additional benefit of extra band.Thus the proposed button antenna is compact, flexible, and
comfortable to integrate in the blazer or jacket.

Submission

The proposed circular blazer cuff button antenna is designed with 10 mm radius on dual
dielectric substrate consisting of 0.5 mm jean at the bottom and a 1 mm PDMS elastomer at
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Figure 1. Proposed button antenna (a) Top view (b)
Bottom view (c) Side view.

Table 1. Proposed antenna dimensions

Antenna
parameter r r0 r1 r2 r3 r4 r5 r6 s t h1 h2

Value 10 3 6 7 8 9 5 6 0.5 0.05 0.5 1

stage 3stage 1

Proposedstage 4

stage 2

stage 5

Figure 2. Evolution of cuff button antenna.

the top. The dielectric permittivity ε of Jean and PDMS substrate
are 1.6 and 2.7 with loss tangent tan δ = 0.02 and 0.0314, respec-
tively. The unique geometry consists of a circular conductor and
four interconnected arcs with radius r1, r2, r3, and r4 from the
center which are interconnected to form a single slotted arc geom-
etry. The radiating element of multiple arc section with a circular
center attached with a narrow strip is printed on the PDMS sub-
strate. Top, bottom, and side view of the proposed antenna is shown
in as shown in Fig. 1. The circular ground conductor with an arc
slot acting as the ring resonator is printed on the bottom of the
jean substrate. Adhesive is used to connect both copper and sub-
strate materials. The inner and outer radius of the ground slot arc
are r5 and r6. Dimensions of the antenna are tabulated in Table 1.
The antenna is fed by a 50 Ω coaxial probe at the center for better
impedance match.

Antenna evolution stages

Evolution of antenna geometry in different stages are shown in
Fig. 2. Initial geometry has a circular patch with an arc con-
nected through a stub. It resonates at 8.7 GHz with a return loss of

Figure 3. Reflection performance of antenna during evolution.

Figure 4. Gain performance of last two antenna stages.

20.29 dB. Additional arc attached to stage 1 contributed with mul-
tiple resonances as shown in Fig. 2. Stage 2 resonates at 8.85 GHz
frequency and 2.85 GHz frequency with S11 respectively as −14.89
and −13.19 dB. Antenna design started with basic expression of
patch with radius a as shown in equation (1). Stage 3 also has
three resonances at 6.25, 8.75, and 10.1 GHz which are not the
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Figure 5. Effect of antenna bending along x axis.

Figure 6. Effect of antenna bending along y axis.

intended frequencies. Addition of 4th strip as in stage 4 achieved
resonance at 2.5, 5.8, and 10 GHz with better S11 values, −27.03,
−22.94, and −21.18 dB. In stage 5 an arc slot is introduced in the

ground plane to enable resonance at 3.6 GHz which can be utilized
for 5G application.

f = 1.8412 v0
2𝜋a

√
𝜀

(1)

Thus the multiband antenna of stage 5 resonates at four fre-
quencies respectively at 2.5, 3.6, 5.75, and 9.8 GHz suitable for
WLAN, WBAN, 5G, and X band applications with return loss
of 15.39/18.43/22.19/18.18 dB. All four arc strips have an angle
of 260∘. The four arcs are interconnected with smaller angular
strips. Optimization was performed to for arc lengths to achieve
the required resonance. Inner interconnection arc has an angle
of 80˚ and the outer two interconnecting arcs have an angular
gap of 100˚ each. Return loss plots of various stages are in Fig. 3.
The antenna with slotted ground had better reflection characteris-
tics with resonance at four frequencies including sub 6, 5G band
of 3.6 GHz, but the gain at 2.4 GHz was low showing −5.07 dB.
In order to improve further gain at lower frequency an addi-
tional strip is attached to the top of 2nd arc. Gain plots of the
antenna for last two stages are compared in Fig. 4. The addi-
tional stub in the proposed antenna improved the gain at 2.45 GHz
from −5.07 to 1.85 dB. All simulations were carried out using
HFSS. Flexibility of proposed cuff button antenna is confirmed
by bending analysis along X and Y direction as shown in Figs. 5
and 6. The S11 plots show stable performance on bending at all
four frequency bands. Proposed antenna has lower bandwidth
60 MHz (2.47–2.53 GHz), 30 MHz (3.76–3.73 GHz), 140 MHz
(5.83–5.69 GHz), and 220 MHz (9.95–9.73 GHz), respectively due
to smaller strip widths. Simulated efficiency of the antenna at
operating frequencies of 2.5, 3.75, 5.75, and 9.8 GHz are 84.52%,
86.21%, 77.77%, and 86.18%, respectively. The antenna is tilted in
different angles along X and Y direction during simulation and
Fig. 7 shows the tilted antenna return loss at 20∘ in front & back
along X axis and left & right along Y axis. The performance of the
antenna remains good on tilting.

Current distribution

The surface current distribution of the proposed multilayer multi-
band cuff button antenna is shown in Fig. 8. Maximum current
is for 2.5 GHz and minimum for 9.8 GHz. Coverage of strips
is more in case of 5.75 GHz. The current distribution indicates

Figure 7. Effects of antenna tilting along X and Y axis at 20∘ indicating front, back, right, and left.
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5.75GH

3.6GHz

9.8GHz

2.5GHz

2.5GHz 3.6GHz 5.75GH 9.8GHz

Figure 8. Surface current distribution of the button antenna at resonating frequencies.

Top view Bottom view Figure 9. Fabricated cuff button antenna.

Figure 10. Comparative S11 of simulation and measurement with
measured photograph.

the strip position responsible for maximum radiation at different
frequencies.

Results and discussion

Off-body antenna performance

The prototype of fabricated antenna is shown in Fig. 9. The
antenna reflection performance is measured with the help of R&S’s

Network analyzer ZNLE14 as in Fig. 10 and the results of simula-
tion and measurement shows a close agreement with each other.
The measured results indicate resonance at 2.48, 3.69, 5.84, and
9.96 GHz with corresponding S11 readings as −22.11, −12.28,
−16.08, and −18.40 dB, while simulated return loss was found to
be 21.38/12.2/22.41/18.87 dB at frequencies of 2.5, 3.6, 5.75, and
9.87 GHz. Measurements are also carried out placing the antenna
at different position on body. Figure 11 depicts the real time return
loss performance of the antenna placing on hand and chest in
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Antenna as cuff button Antenna as chest button Figure 11. Measured S11 performance at different on-body
positions.

Wet

Water

Full dry

Figure 12. Measured S11 performance with water and
moisture content.

Table 2. Return loss performance of antenna in different measurement scenario

Analysis setup Freq. (GHz) S11 (dB) Freq. (GHz) S11 (dB) Freq. (GHz) S11 (dB) Freq. (GHz) S11 (dB)

Simulated 2.5 −21.38 3.6 −12.2 5.75 −22.41 9.87 −18.87

Measured (free space) 2.48 −22.11 3.69 −12.28 5.84 −16.08 9.96 −18.4

In hand 2.8 −18.23 3.94 −13.25 5.63 −17.89 9.94 −17.8

Chest 2.56 −11.48 3.94 −13 5.56 −21.4 9.69 −20.18

Water 2.44 −12.09 3.94 −13.24 5.63 −16.48 9.94 −17.8

Wet 2.5 −28.65 3.5 −17.7 5.94 −15.83 9.94 −17.66

Full dry 2.69 −16 3.94 −19.78 5.69 −15.88 9.94 −16.79
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Figure 13. Comparative VSWR of simulation and measurement.

Figure 14. Comparative gain of simulation and measurement.

Figure 15. Radiation pattern measurement setup in anechoic chamber.

comparison with simulated result. In order to analyze the water
absorption property of jean substrate (wet and moisture condi-
tion), the antenna is dipped in water and partially dried and the
return loss is measured. Later, when it is fully dried the measure-
ment is repeated to check for any deformity.The results are plotted
in Fig. 12. Measured return loss results are tabulated in Table 2.
TheVoltage StandingWave Ratio (VSWR) and gain plots of button
antennas are depicted in Figs. 13 and 14. VSWR is below 2 for the

Figure 16. Radiation patterns of cuff button antenna.

resonant frequencies. Measured peak gains at resonance are 3.08,
2.09, 1.79, and 3.03 dBwhile the simulated gains are 1.85, 2.03, 1.47,
and 3.27dB for radiating frequencies.

The radiation patterns in azimuth and elevation plane are mea-
sured against 18GHz rigid horn antenna in an anechoic chamber of
size 5m× 3m×2.6m and themeasurements are taken at operating
frequencies of 2.5, 3.6, 5.75, and 9.8 GHzwhich is shown in Fig. 15.
Normalized radiation patterns on simulation and measurement in
E and H plane are plotted in Fig. 16.

On-body antenna performance

The antenna performance on the body was analyzed by plac-
ing it on male right arm with spacing with 2, 5, and 10 mm.
Figure 17 show the return loss performance of the antenna at
different spacing and resonance frequency. When the antenna is
placed at 2 mm distance the lowest two resonances have poor
S11 magnitude of −9.25 and −6.94 dB at 2.6 and 3.65 GHz.
At 5 and 10 mm distance all four bands show S11 readings
below−10 dB reference. Resonance frequencies and corresponding
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Figure 17. On-body reflection performance of antenna.

Figure 18. SAR analysis of proposed antenna.

S11 magnitude at 5 mm distance are 2.55/3.75/5.8/9.9 GHz &
10.94/11.28/17.34/19.68 dB and at 10 mm distance the S11 val-
ues are 11.34/21.42/15.07/17.66 dB at 2.6/3.75/5.8/9.9 GHz. This

indicates that the on-body dielectric variation has a tendency of
smaller frequency shift with reduced S11 value when placed close
to the body.
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Table 3. Comparison with existing literature

Ref. No Volume
(mm3)

Frequency
(GHz)

Bands (GHz) Radiator Substrate Gain (dBi) SAR

13 6983.2 3.5, 5.8 NA 4 × 4 AMC
backed CPW
Monopole

Rogers
ULTRALAM
3850
substrate,

2.26,3.96
(with AMC
9.3,6.6)

0.903, 0.338
(AMC 0.068, 0.33)

14 12,312 2.45, 5.8 NA Spiral
inverted-
F button
antenna

Rogers 4003 −0.6 and 4.3 0.39, 0.584 W/Kg
for 1 g of tissue

15 31,700 5.5 5.47–5.725 Button FR-4 & textile 4 NA

17 1739.62
9976

2.4, 5.6 NA Slotted patch
button

Polytetrafluoroethylene
PTFE Taconic
ceramic
substrate

1.5 NA

19 10,560 2.45, 5.8 2.10–2.05 &
5.63–5.34

Snap button Rogers
RT/Duroid

2.7,7.9 NA

21 84.78 0.867, 2.38,
and 5.8

0.852–0.890,
2.35–2.40,

and
5.725–5.875

Circular slot-
ted patch
button

Rogers
RO4003

2.5,3.52&4.8 0.258, 0.57, 0.932

22 15,000 1.8, 2.4, 5.4 Circular patch RT Duroid
5870

5.5,7.8,7.9 NA

24 9800 1.8, 2.4,
3.6, & 5.5

1.70–2.01,
2.39–2.50,
3.59–3.70,
& 5.41–5.65

Circular
slotted patch

Polyester
cloth

13.1,6.63,3.76,&
6.11

0.274, 1.065,
2.137, and
2.374 W/Kg for
10 g of tissue

25 8524.4 0.9, 1.9,
& 2.45

Embroidering e-fiber
textiles

2 NA

26 1017.6 2.4, 3.5,4.4,
5.2, and 5.8

2.33–2.45,
3.24–3.75,
4.24–4.61,
5.13–5.43,

and 5.76–5.87

CPW
meander
lines

RT5880
Duroid

0.64 to 4.94 0.531, 0.593,
0.683, 0.799,
0.998 W/Kg for
1 g of tissue

27 463.011
84

4.33,
7.51, 9.31

4.1–4.64 GHz,
7.19–8.03 GHz,
and 8.85–9.67

Circular patch FR4 4.9,3.04 &4.52 0.00155, 0.00125,
& 0.0156 W/Kg
for 10 g of tissue

Proposed 471 2.5, 3.6,
5.75, & 9.8

2.47–2.53,
3.76–3.73,
5.83–5.69,
& 9.95–9.73

Arc button PDMS & Jean 1.85,2.03,1.49
& 3.27

0.011, 0.634,
0.155, &
0.0175 W/Kg
for 1 g of tissue

Antenna SAR analysis

SAR is the amount of radiation absorbed by the body tissues on
sensing of electromagnetic radiation. As per the regulatory stan-
dards by Federal Communication Commission (FCC), SAR is
limited to have a protective environment from radiation hazards
with a limit of 1.6 W/Kg for 1 g of tissue or 2 W/Kg for 10 gm
of tissue. In this study, human arm phantom is considered for SAR
analysis as the antenna is designed to place on the sleeves.The sim-
ulation is carried out with 1 g of tissue with an input signal power
of 100 mW and 5 mm gap from the body. The evaluated SAR dis-
tribution at different frequency are plotted in Fig. 18. SAR value of
designed antenna isminimum (0.0113W/Kg) at 2.5GHz andmax-
imum (0.6347W/Kg) at 3.6 GHz. Simulated SAR values at 5.75 and
9.8GHz frequency are found to be 0.155 and 0.175W/Kg. Figure 18
clearly shows that the proposed antenna provides a SAR of accept-
able FCC limit suitable for safe on-body application. Table 3 show

comparison results of the proposed antenna with few existing
literatures.

Conclusion

In this article, a miniaturized cuff button antenna is presented for
off-body communication for medical application. The multiband
antenna covers application frequency bands of 2.5, 3.6, 5.75, and
9.8 GHz with corresponding bandwidth of 60/30/140/220 MHz.
The radiation patterns are directional with better gain suitable for
real time on-body and off-body communication. The designed
miniaturized cuff button antenna has low SAR values and make
comfortable for wearable biomedical application.
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