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Dual-band Microstrip Patch Antenna for Fully-

Wireless Smart Stent  

Abstract—Cardiovascular diseases (CVDs) remain the 

dominant cause of mortality globally and are of an increasing 

trend. Generally, coronary stent placement is a pervasive 

treatment to combat CVDs. However, the cardiovascular stents 

employed as the passive expanded support in the blocked artery 

are frequently introduced postoperative a complication called in-

stent restenosis. The innovative self-reported stents integrated 

with biosensors can offer effective diagnosis and treatment of in-

stent restenosis. In addition, the use of wireless biotelemetry is 

essential in the interaction with physiological processes in the 

vessel’s lumen, ensuring continuous monitoring of biological 

signals. This paper presents a compact dual-band stent antenna 

that can be operated at the Wireless Medical Telemetry Service 

(WMTS) band of 1.4 GHz and Industrial Scientific and Medical 

(ISM) band of 2.45 GHz. In particular, the WMTS band can be 

used to enable wireless power transfer in the smart stent, whereas 

the ISM band is designed to introduce wireless telemetry. Notably, 

two broad bandwidths of 280MHz and 326.7MHz are achieved, 

respectively in dual bands. Specially, the microstrip patch antenna 

equipped with a meander line configuration obtains an ultra-small 

volume of 5 × 5 × 0.64 mm3 and realizes desirable reflection 

coefficient values. 

Keywords—Cardiovascular stent; dual-band; wireless 

biotelemetry; stent antenna; microstrip patch antenna. 

I. INTRODUCTION  

It is estimated that approximately 17.5 million people 
worldwide die from cardiovascular diseases (CVD) every year 
[1]. The vast majority of life-threatening disease of CVD is 
attributed to coronary artery diseases (CADs), which are 
currently treated with an expandable metal stent to reopen the 
blocked vessel. However, the stented vessels are often re-
blocked caused by the thrombosis and the proliferation of 
smooth muscle cells [2], leading to the in-stent restenosis in the 
arteries which can prove a fatal threat to patients. Therefore, 
wireless smart stents equipped with microsensors are proposed 
to offer continuous monitoring and early therapy of CADs, as 
illustrated in Fig. 1. 

Wireless power transfer (WPT) has demonstrated to have 
marvelous potential to be utilized in complete wireless and 
battery-free biomedical systems [3]. In the meantime, the main 
challenge to be met in designing the implantable antenna is 
achieved by simultaneous miniaturization and high-efficiency 
characteristics under the consideration of complicated in-body 
propagation. Specially, the WPT system propagates energy from 
an external source to an internal implant based on 
electromagnetic (EM) fields. The attenuation of EM waves 
caused by tissue absorption leads to non-negligible power loss. 
Furthermore, the dielectric properties of body-tissue are varying 
with operating frequency, significantly affecting the EM 
radiation. In general, the tissue absorption loss tends to be 

smaller at low-frequency ranges (e.g., in MHz range). However, 
the low frequency, in turn, constrains the radiation efficiency. 

 In this study, a compact dual-band microstrip antenna is 
proposed for wireless power supply and communication of 
smart stents. Specially, Wireless Medical Telemetry Service 
band (WMTS) (1395-1400 MHz) band and Industrial Scientific 
and Medical band (ISM) (2.4 GHz-2.4385 GHz) are employed 
for dual-band resonant frequencies of the stent antenna. In this 
regard, the 1.4 GHz WMTS band is specified for power transfer 
due to its low energy loss when interacting with the body tissue, 
and the 2.45 GHz ISM band is designed for offering reliable data 
transmission owing to its high data rate capability. Bio-
compatible encapsulation is required for the actual implant to 
avoid health hazards caused by the brittle or even toxic antenna 
materials. Therefore, a biocompatible material is introduced in 
our case to further guarantee biosafety when implanted in the 
human body. In parallel, a one-layer muscle homogenous box is 
used to simulate the deep-tissue environment in the ANSYS 
HFSS software. The simulation results of the stent antenna with 
its electromagnetic characteristics are presented and analyzed 
here. 

II. METHODOLOGY AND RESULTS 

A. Antenna Design in a Muscle Phantom Model 

The implantable stent antenna is often accompanied by an 
array of biosensors and a mechanical stent for diagnostic and 
therapeutic purposes. Hence, the microstrip patch antenna is 
desirable due to its low profile and easy integration with other 
electronic components. Herein, an ultra-miniaturized microstrip 
patch antenna with a dimension of 5 mm × 5 mm× 0.64 mm is 
presented in Fig. 2(a), which is suitable to be implanted in the 
human body. The patch layer and ground layer are made of 
copper that is implemented on the Rogers RT/duroid 6010 
substrate. Moreover, in order to excite the stent antenna, lumped 
port has been utilized in connecting the radiating patch and 
ground through a feed probe, where the input power is given.  
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Fig.1. Schematic illustration for the future wireless smart stent systems 
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Notably, a high-dielectric Rogers 6010 material (a dielectric 
constant of 10.2 and a loss tangent of 0.0023) is introduced here 
to reduce the size by decreasing the guided wavelength and the 
length of the patch. In order to further promote size reduction, 
folded meander-line configuration is designed to lessen the 
dimension of the antenna by lengthening the current path, as 
depicted in Fig. 2(a). Besides, since the Rogers RT/duroid 6010 
is not a biocompatible material, an encapsulation constructed 
based on poly (methyl methacrylate) (PMMA) is coated on the 
antenna owing to its exceptional biocompatible and flexible 
characteristics. Specially, this PMMA encapsulation possesses a 
gap between the outer box and the inner box, which is shown in 
Fig. 2(b).  

Further, an antenna geometry modification is carried out with 
the version of an encapsulated antenna in order to meet the 
desired resonant frequencies, as depicted in Fig. 2(c). In 
addition, to evaluate the performance of the antenna in the deep-
tissue, one layer muscle phantom model is created to imitate the 

in-body environment in a 0.5 GHz to 3.5 GHz frequency range. 
Particularly, the stent antenna is settled in a muscle box with a 
10 cm × 10 cm ×10 cm, where its placement is presented in Fig. 
2(d).   

B. Simulation Result and Analysis 

Reflection coefficient or S11 is defined as the ratio of reflected 

power to the incident power [4] and this value should be less 

than -10 dB. In our case, the simulation results of S11 parameter 

results for the stent antenna in a comparative study of with and 

without the PMMA encapsulation are illustrated in Fig. 3. Two 

versions of the stent antenna are resonated exactly at the desired 

resonant frequencies of 1.4 GHz and 2.45 GHz in the muscle 

model. Notably, the unpackaged antenna obtained an S11 value 

of -45.98 dB at 1.4 GHz which indicates that a highly effective 

power can be delivered to the stent antenna. Moreover, a 280 

MHz (1.2733 GHz to 1.5533 GHz) bandwidth is observed at a 

horizontal level of -10 dB within the WTMS band, while the 

bandwidth in the ISM band is found to be 326.7 MHz (2.3 GHz 

to 2.6267 GHz). With regard to the encapsulated antenna, the 

S11 is observed to be -19.80 dB at 1.4 GHz resonant frequency, 

and it reaches -21.31 dB at the second resonant frequency. By 

appropriately introducing slotted meanders-line on the antenna 

patch, different electrical dimensions and current flows have 

been generated at two operating frequencies, as shown in Fig. 

4(a)-(b).  

III. CONCLUSION 

This study presented a compact dual-band microstrip patch 
antenna for wireless biotelemetry of smart cardiovascular stents, 
which was simulated in a deep-muscle condition. Specially, the 
antenna parameters have been analyzed from antenna 
dimension, antenna geometry, radiation performance, and 
operating frequency. Besides, a comparative study under the 
case of with and without the PMMA encapsulation is also 
discussed. In future work, the stent antenna can be further 
investigated with a higher radiation efficiency under bio-
compatible encapsulation. Moreover, this stent antenna will be 
fabricated and tested in actual scenarios, and then integrated 
with other components to be implanted in an animal.  
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Fig.3. Comparison of S11 with and without the PMMA encapsulation. 

 
Fig.4. Surface current distributions at (a) 1.4GHz, (b)2.45GHz. 

 
Fig.2. (a) overview of the proposed stent antenna, (b) Patch geometry 
without the encapsulation, (c) Patch geometry with the encapsulation (d) 

muscle model and the placement depth of the antenna. 
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