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Implantable antennas are mandatory to transfer data from implants to the external world wirelessly. Smart implants can be

used to monitor and diagnose the medical conditions of the patient. The dispersion of the dielectric constant of the tissues

and variability of organ structures of the human body absorb most of the antenna radiation. 
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1. Different Antenna Design Techniques

Multiple implant antennas have been designed for different wireless medical applications. The developed implant antenna

is categorized based on design aspects, such as miniaturization of antenna dimension, bandwidth enlargement technique,

impedance matching stability technique, SAR reduction technique, directivity, increased efficiency, and biocompatibility

technique.

1.1. Miniaturization of Antenna Dimension

Radio wave propagation through the lossy medium having relatively large permittivity leads to the reduction of the

effective wavelength. This increases the importance of the miniaturization of the antenna dimension. Several miniature

antennas utilizing diverse design techniques will be discussed in the subsequent section.

In , a U-shape meandered slot antenna was proposed for implant medical applications operated at 2.45 GHz. It is

shown in Figure 1 that the antenna dimension decreased to W × L (29 × 35 mm ) from W × L (33 × 40 mm ) after the

meandered slots insertion. The insertion of meandered/spiraling slots on the radiating patch results in incrementing the

current path on the same antenna dimension. This increment of the current path can be utilized to minimize the antenna

dimension. The meandered slot’s insertion on the radiating patch resulted in the enlargement of bandwidth from 384 MHz

to 396 MHz, and the S  parameter value improved to −43.72 dB from −23.22 dB. The authors of  proposed a

meandered slot-shaped implant antenna, which is suitable for the medical device radio communications service (MICS)

frequency band (401–406 MHz) applications (Figure 2). It was reported that the substrate dimension is reduced by

36.85% in length and 40% in width and the antenna was examined in an inhomogeneous human tissue environment.

Furthermore, a capsule shape meandered slot antenna is proposed in  for implant endoscopy applications. The

geometry of the capsule-shaped implant antennas operated at the MICS band and UWB are shown in Figure 3. The

implant antenna dimension is reduced to 5.5 × 10 mm  (Rc × Lc) in  and 6 × 36.2 mm  (Rc × Lc) in  for altering

rectangular antenna design to capsule shape design. Moreover, cylindrical and circular shapes with meandered slot dual-

band (401–406 MHz and 2.4 MHz) implant antennas were proposed in .

Figure 1. Implant antenna: without meandering slot (a) with meandering slot (b) .
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Figure 2. Meandered implant antenna proposed in .

Figure 3. Geometry of capsule shape implant antenna (a)  and (b) .

1.2. Spiral Shape Radiating Patch

A spiral shape radiating patch is a useful antenna dimension miniaturization technique employed in .

Figure 4a illustrates a spiral shape implant antenna operated at 225–427 MHz with an equivalent homogeneous body

model. The spiral shape helps to miniaturize the antenna dimensions to 17 × 17 × 18 mm  compared with other antennas

given in . Two spiral shape implant antennas to occupy a small area of 6 × 5 × 0.3 mm   and 20 × 10 × 1.63 mm  

operated at 2.4 GHz and 405 MHz, respectively are shown in Figure 4b,c. Several miniaturized dimensions with the spiral

shape Complementary Split Ring Resonator (CSRR)-loaded implant antenna was reported in  for MICS

applications.

Figure 4. Geometry of Spiral shape implant antenna (a) , (b) , (c) .

Antenna dimension can be miniaturized with the substrate material with higher relative permittivity suitable for wave

propagation through the lossy medium. In the stacking patch layers technique, relative permittivity increases with the

multi-layers dielectric substrate. Similarly, multi-layer dielectric element loading increases the current path, leading to a

decrease of resonance frequency and the antenna dimension’s miniaturization. The stack patch implant antenna operated

at the MICS frequency band used in  are shown in Figure 5a,b, respectively. As shown in Figure 5, two layers of

substrate were inserted over the ground by putting a radiating patch in the middle and a superstrate layer placed over the
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final radiating patch. Consequently, the implant antenna dimension miniaturized to π × (7.5) 2 × 1.9 mm   and 10 × 10

× 2.01 mm  , respectively. Besides, some other stack patch layers implant antennas are given in .

Figure 5. Stacking layer implant antenna employed in, (a) , (b) .

1.3. Insertion of Shorting Pin-In Wireless Technology

The Planar Inverted F-Antenna (PIFA) is a common example of a shorting pin antenna design technique. According to the

PIFA theory, the shorting pin with antenna ground plan alter antenna resonance frequency from λ / 2 to λ / 4 . Spiral slot

shape shorting pin antenna was employed in , where the antenna dimension was miniaturized to 149.6 mm  compared

with other antennas reported. Figure 6 illustrates a typical shorting pin PIFA antenna deployed in . Besides, several

miniaturized PIFA antennas were reported in .

Figure 6. Typical shorting pin Planar Inverted F-Antenna (PIFA) antenna .

1.4. Gain and Efficiency Enlargement Technique

The absorption of radio wave frequency through the inhomogeneous lossy human body results in lower radiation

efficiency. A significant amount of absorption happens due to the coupling with lossy tissue in the near reactive field.

Recently, some implant antennas have been developed to solve low gain and efficiency problems. This section discusses

some potential gain and efficiency enhancement techniques.

Insulating Layers: A theoretical calculation has been made in , where a multilayered insulation model considering fat

and dry skin was taken as standard. Notably, the insulation with zirconia and 4 mm thickness around the implant

antenna gave the lowest attenuation of 34.5 dB than the other insulation materials (e.g., alumina, polyamide, peek,

polypropylene). This theoretical calculation agreed with the experimental results reported in . Besides, several

materials-based insulation models were investigated in  and the results showed that insulation for

biocompatibility reduces the attenuation, while increasing gain and radiation efficiency.

Complimentary Split Ring Resonators (CSRRs) Antenna Model: The CSRR antenna model is an effective solution to

enhance radiation efficiency and gain. This CSRR model compensates inductivity and electric field coupling with the

near field due to the antenna’s negative permittivity . The SAR is also reduced, which improves the radiation

efficiency and gain. The CSRR implant antenna model for multiband (MICS, ISM, and 2.4 GHz) applications was

designed and simulated in . The simulation results showed that the electric field was at 403 MHz It can be noted that

electric field absorption is reduced for the CSRR model compared to the non-CSRR model. Hence, radiation efficiency

and gain are increased for all operational frequencies.

1.5. Bandwidth Enhancement Technique

Deployment of wideband implant antennas in the medical frequency spectrum for biomedical telemetry applications is a

research challenge. Typically, a parasitic patch is used as a traditional bandwidth enhancement (BW) technique , where
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a multi resonance mode was attained for square shape parasitic patches outside the main radiating patch. Hence, the

bandwidth can be enhanced to 2.24–2.59 GHz using the multi resonance mode. Figure 7a illustrates the bandwidth

enhancement technique via a loop shape parasitic patch , while Figure 7b shows a flexible structure bandwidth

enhancement technique . Because of the flexible structure, the antenna generated two coupling radiating patch

structures with the ground. Hence, these two coupling structures attained 68% bandwidth applicable for the MICS

frequency band.

Figure 7. Bandwidth enhancement (BW) technique, (a) loop shape parasitic patch , (b) flexible antenna .

1.6. Tuning Permanency Technique

The power absorption caused by the lossy environment around the implant antenna results in inefficient antenna

operation. The implanted antenna is referred to as efficient when the operating frequency is tuned in a specific band area

with efficient radiation efficiency. Even if antenna fundamentals state that the minimum antenna efficiency for 5G

applications is 70%, it might vary depending on the appropriate implant applications. Recently, antenna designers have

developed some techniques for tuning and impedance matching stability.

Planar antennas with a ground plane provide better tuning stability than antennas without a ground plane, such as loop

and dipole antennas . Besides, narrow operational bandwidth with a high superstrate biocompatibility system

reduces the coupling with lossy tissue around the antenna, which leads to tuning stability and high radiation efficiency .

It is also found that the tuning of resonance frequency can be avoided if the antenna is operated on a wide frequency

band .

2. Implant Antennas for Different Bio-Telemetry Applications

In this section, systems with implantable antennas for several biotelemetry applications, such as inside the human skull to

monitor cerebrospinal fluid monitoring, blood pressure, and glucose level monitoring, will be summarized.

2.1. Implant Antenna for Monitoring of the Healing of Bone Fracture

The healing process of a fractured bone is a problematic biological process, and it requires continuous observation with

mechanical support for the re-establishment of a fractured bone in its natural condition. The fractured bone restoration

process varies between several weeks depending on age, the number of fractures, and bone location . An implantable

antenna with a bone healing mechanical system would be an excellent solution for continuous observation of fractured

bones. This sub-section summarizes the implant antennas used for the robust bone restoration process.

In , an implant antenna system with two monopole antennas attached with a metal plate was proposed to observe the

fractured bone restoration process. An artificial fracture bone phantom system where two monopole antennas were placed

on both sides of the fracture is shown in Figure 8. The restoration process of a fractured bone was detected via the

electric field distribution of the monopole antenna. Gabriel et al.  showed that relative permittivity and conductivity of

blood are significantly higher than the bones across the radio frequency spectrum. It was mentioned that the higher

conductivity and relative permittivity increase penetration loss, which reduces the electric field distribution of the

propagation medium. In , the authors pointed out that the electric field distribution is substantially high when the bone

damage is 0% compared with a fractured bone as shown in Figure 9. According to  the attenuation of the electric field

in the Fresnel region is dependent on wave-number k for lossy medium, as stated by Equation (14). The wave-number k

rely on relative permittivity ε r and conductivity σ as stated by Equation (15). Hence, higher values of the relative

permittivity ( ε rblood = 58.1 ,   ε rbone = 11.3 ) and conductivity (σ  = 2.6, σ  = 0.4) in blood than bone constitutes a
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greater wave-number k for the fractured bone area, which leads to higher attenuation of the electric field in the fractured

bone area due to the existence of blood. In conclusion, the reason behind the diversity of current distribution is due to the

existence of blood in the bone fracture area, where there is no blood existence inside the restored fractured bone.

Electric   field Attenuation = e − j   kr / r

(14)

K = ω μ 0 μ r ε 0 ( ε r − j σ ω ε 0 )

(15)

Figure 8. Implant antenna system for bone fracture restoration process. (a) Proposed monopole antenna, (b) monopole

antenna position in artificial fracture bone phantom environment .

Figure 9. Electric field distribution at 1.8 GHz for 0% bone damage (a) and 100% fractured bone damage (b) .

A dual monopole antenna was proposed in  for monitoring the fracture of the bone, which was simulated with a voxel

model of a 26-year-old female on CST Microwave Studio virtual version as shown in Figure 10. The restoration process of

fractured bone was monitored by a monopole antenna placed on both sides of the fracture and determined the bone

condition by transmitting power from one monopole to another monopole. It can be observed in Figure 11 that during the

0% bone damage period a widely distributed electric field was obtained, while the electric field distribution was

consolidated in the recovery phase. The fabrication of the antenna system and observation of monopole antenna

performance inside the bone fracture will be briefly discussed later.
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Figure 10. Simulating environment of monopole antenna in a fractured bone .

Figure 11. Electric field distribution at 2.5 GHz: during 0% bone damage period (a), fractured bone period (b) .

2.2. Implant Antenna for Glucose Level Monitoring in Blood

Glucose level monitoring in human blood plays an essential role in diagnosing life-threatening diseases (e.g., diabetes

and hypoglycemia). Typically, chronic diabetic patients need to check blood samples daily to monitor glucose levels in the

blood. The current method to check glucose levels is invasive and painful. Recently, implantable biosensors were

developed to monitor glucose levels in the blood, which can provide a regular update about the glucose level of the

diabetes patient.

An implantable bio-sensor system to monitor the glucose level in blood was implemented using a frequency shift

mechanism . The implantable antenna geometry, return loss, and resonance frequency shift of the implant antenna with

the increment of glucose level in blood are shown in Figure 12. Furthermore, it is noted that the implant antenna obtained

40 MHz frequency shifting for glucose level fluctuation in blood between (120–530) mg/dL on blood mimicking phantoms

and 26 MHz frequency shifting for glucose level fluctuation in pig blood between (67–490) mg/dL.
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Figure 12. The glucose monitoring system in blood: geometry of implant antenna .

2.3. Implant Antenna for Diagnosing Brain Diseases

In diagnosing brain diseases and neurological disorders during therapy, an implantable wireless device and antenna will

be a marvelous solution as upcoming medical technology. Nowadays, an implanted antenna is being used for restoring

memory loss  and primary exposure of epileptic seizures. The basic mechanism of the wireless brain monitoring

system is illustrated in Figure 13, where the implant antenna system contains a neural recorder that is connected with the

transmitter system.

Figure 13. The basic mechanism of wireless brain monitoring system .

S. Hout and J. Chung in  reported a miniaturized circular shape implant antenna and the antenna was placed inside a

seven-layer brain phantom as shown in Figure 13. Typically using a substrate with higher permittivity for miniaturizing

antenna geometry results in a narrow bandwidth and lower radiation efficiency due to a high-quality factor . Both of the

substrate and biocompatible element with lower permittivity and dielectric constant substrate Taconic RF 3.5 ( ∈ r   = 3.5 ,

  Tan δ = 0.0018 ) were used to obtain a 14.9% increase in bandwidth compared to the previous implant antenna at 2.4

GHz shown in Figure 14b. However, omnidirectional radiation patterns can cause harmful side effects inside brain tissue

due to the frequency dependence characteristic of human tissue . To ensure patient safety, the implant antenna

proposed in  achieved a radiation pattern in an optimistic direction shown in Figure 14c. The outside antenna receiver

can efficiently communicate with the inside implant antenna. Finally, the antenna was fabricated and validated by injecting

inside seven layers of artificial tissue emulating (ATE) materials brain phantom in an in vitro experiment, where the

measurement agreed with the simulation results.
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Figure 14. Geometry of implant antenna (a), antenna returns loss (b) and 2D radiation pattern (c) .

2.4. Implant Antenna for Blood Pressure Measurement

Frequent fall and rise of blood pressure can cause a stroke or severe cardiovascular disease for patients, and thus an

accurate blood pressure measurement is critical to help medical personnel in managing several diseases that are related

to blood pressure. Blood pressure measurement using an implantable antenna system inserted into the heart will be an

excellent solution for heart patient monitoring. In , a pseudo normal mode helical antenna insulated by poly-di-methyl-

siloxane (PDMS) layer is implemented and tested (Figure 15). The sensor and the implant antenna were put inside the left

ventricle and experimented with a pig.

Figure 15. Snapshot of implant antenna for blood pressure measurement .

References

1. Sukhija, S.; Sarin, R.K. A U-shaped meandered slot antenna for biomedical applications. Prog. Electromagn. Res.
2017, 62, 65–77.

2. Samsuri, N.S.N.; Rahim, M.; Seman, F.; Inam, M. Compact Meander Line Telemetry Antenna for Implantable
Pacemaker Applications. Indones. J. Electr. Eng. Comput. Sci. 2018, 10, 883–889.

3. Alrawashdeh, R. A New Small Conformal Antenna for Capsule Endoscopy. In Proceedings of the 7th European
Conference on Antennas and Propagation, EuCAP 2013, Gothenburg, Sweden, 8–12 April 2013; pp. 220–223.

4. Faerber, J.; Desmulliez, M.P.Y. Conformal Meander Shaped Antenna for Biotelemetry in Endoscopic Capsules. In
Proceedings of the Antennas & Propagation Conference (LAPC), Loughborough, UK, 2–3 November 2015.

5. Faerber, J.; Cummins, G.; Desmulliez, M.P.Y. Design of conformal wideband antennas for capsule endoscopy within a
body tissue environment. In Proceedings of the 2016 46th European Microwave Conference (EuMC), London, UK, 4–6
October 2016; pp. 1223–1226.

6. Arefin, M.S.; Redoute, J.-M.; Yuce, M. Meandered conformai antenna for ISM-band ingestible capsule communication
systems. In Proceedings of the 2016 38th Annual International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC), Orlando, FL, USA, 16–20 August 2016.

[52]

[54]

[54]



7. Kiourti1, A.; Psathas, K.; Costa, J.; Fernandes, C.; Nikita, K. Dual-Band Implantable Antennas for Medical Telemetry: A
Fast Design Methodology and Validation for Intra-Cranial Pressure Monitoring. Prog. Electromagn. Res. 2013, 141,
161–183.

8. Tirkey, S.; Jha, N.; Pandeeswari, R.; Raghavan, S. Design of flexible meandered loop antennas loaded with CSRR and
SRR for implantable applications. In Proceedings of the International Conference on Wireless Communications, Signal
Processing and Networking, Chennai, India, 23–25 March 2016; pp. 1595–1598.

9. Abadia, J.; Merli, F.; Zürcher, J.; Mosig, J.R.; Skrivervik, A.K. 3D-spiral small antenna design and realization for
biomedical telemetry in the MICS band. Radioengineering 2009, 18, 359–367.

10. Khan, M.; Moradi, E.; Sydänheimo, L.; Björninen, T.; Rahmat-Samii, Y.; Ukkonen, L. Miniature coplanar implantable
antenna on thin and flexible platform for fully wireless intracranial pressure monitoring system. Int. J. Antennas Propag.
2017, 2017, 1–9.

11. Lee, J.; Seo, D.; Lee, H. Design of implantable rectangular spiral antenna for wireless biotelemetry in MICS band.
Electron. Telecommun. Res. Inst. J. 2015, 37, 204–211.

12. Liu, X.; Wu, Z.; Fan, Y.; Tentzeris, M.M. A miniaturized CSRR loaded wide-beamwidth circularly polarized implantable
antenna for subcutaneous real-time glucose monitoring. IEEE Antennas Wirel. Propag. Lett. 2017, 16, 577–580.

13. Eldek, A.; Elhefnawi, F. Split Ring Resonator-Based Miniaturized Antennas. In Proceedings of the 28th National Radio
Science Conference, Cairo, Egypt, 26–28 April 2011; pp. 1–7.

14. Yamac, Y.; Basaran, S. A compact dual band implantable antenna based on split-ring resonators with meander line
slots. In Proceedings of the 22nd International Conference on Applied Electromagnetics and Communications,
Dubrovnik, Croatia, 19–22 September 2016; pp. 1–3.

15. Gurdogan, O.; Eren, A.; Basaran, S. Multilayered implantable antenna design for biotelemetry communication. Turk. J.
Electromech. Energy 2018, 3, 27–30.

16. Lee, C.; Yo, T.; Luo, C.; Tu, C.; Juang, Y. Compact broadband stacked implantable antenna for biotelemetry with
medical devices. Electron. Lett. 2007, 43, 660–662.

17. Lee, J.; Seo, D. Compact and tissue-insensitive implantable antenna on magneto-dielectric substrate for wireless
biotelemetry. J. Electromagn. Waves Appl. 2019, 33, 2449–2461.

18. Miquel, A.; Curto, S.; Vidal, N.; Lopez-Villegas, J.; Ramos, J.; Prakash, P. Multilayered broadband antenna for compact
embedded implantable medical devices: Design and characterization. Progr. Electromagn. Res. 2017, 159, 1–13.

19. Kiourti, A.; Nikita, K.S. Implantable Antennas: A Tutorial on Design, Fabrication, and In Vitro\/In Vivo Testing. IEEE
Microw. Mag. 2014, 15, 77–91.

20. Jain, L.; Singh, R.; Rawat, S.; Ray, K. Stacked arrangement of meandered patches for biomedical applications. Int. J.
Syst. Assur. Eng. Manag. 2018, 9, 139–146.

21. Yeboah-Akowuah, B.; Kallos, E.; Palikaras, G.; Chen, Y.; Kosmas, P. A novel compact planar inverted-F antenna for
biomedical applications in the MICS band. In Proceedings of the The 8th European Conference on Antennas and
Propagation (EuCAP 2014), Hague, The Netherlands, 6–11 April 2014; pp. 822–824.

22. Serhal, D.; Nasser, N.; Rammal, M.; Vaudon, P. Impact of Phone and Hand Position on SAR Distribution Using Liquid-
Based PIFA Antenna. In Proceedings of the International conference on the Sciences of Electronics, Technologies of
Information and Telecommunications, Hammamet, Tunisia, 20–22 December 2018; pp. 312–320.

23. Harish, A.; Hidayat, M.R.; Nur, L.O.; Nugroho, B.S.; Munir, A. Spiral-shaped printed planar inverted-F antenna for body
wearable application. In Proceedings of the 2017 11th International Conference on Telecommunication Systems
Services and Applications (TSSA), Lombok, Indonesia, 26–27 October 2017; pp. 1–4.

24. Sultana, S.; Miran, M.M.; Uddin, S.M.A.; Naby, M.M.; Haque, M. Performance analysis of a Mmodified implantable PIFA
operates at MICS band for human head phantom model. In Proceedings of the 2017 3rd International Conference on
Electrical Information and Communication Technology (EICT), Khulna, Bagladesh, 7–9 December 2017; pp. 1–5.

25. Sultana, S.; Hasan, R.R.; Mondal, T.K.; Tusher, R.T.H.; Zabin, S. Performance analysis of body implantable PIFA at
different substrate material. In Proceedings of the 2017 4th International Conference on Advances in Electrical
Engineering (ICAEE), Dhaka, Bangladesh, 28–30 September 2017; pp. 68–73.

26. Bouazizi, A.; Zaibi, G.; Samet, M.; Kachouri, A. A Miniaturized Invasive Antenna Study for a Better performance in
Medical Application. In Proceedings of the 2018 32nd International Conference on Advanced Information Networking
and Applications Workshops (WAINA), Grenbole, France, 8–12 June 2018; pp. 98–103.

27. Sajjad, H.; Sethi, W.T.; Khan, S.; Jan, L. Compact dual-band implantable antenna for E-health monitoring. In
Proceedings of the 2017 International Symposium on Wireless Systems and Networks (ISWSN), Lahore, Pakistan, 19–



22 November 2017; pp. 1–4.

28. Houzen, T.; Takahashi, M.; Saito, K.; Ito, K. Implanted planar inverted F-antenna for cardiac pacemaker system. In
Proceedings of the 2008 International Workshop on Antenna Technology: Small Antennas and Novel Metamaterials,
Santa Monica, CA, USA, 2–4 March 2008; pp. 346–349.

29. Kiourti, A.; Christopoulou, M.; Koulouridis, S.; Nikita, K.S. Design of a novel miniaturized implantable PIFA for
biomedical telemetry. In Proceedings of the International Conference on Wireless Mobile Communication and
Healthcare, Ayia Napa, Cyprus, 18–20 October 2010; pp. 127–134.

30. Merli, F.; Fuchs, B.; Mosig, J.R.; Skrivervik, A.K. The effect of insulating layers on the performance of implanted
antennas. IEEE Trans. Antennas Propag. 2010, 59, 21–31.

31. Kim, J.; Rahmat-Samii, Y. Implanted antennas inside a human body: Simulations, designs, and characterizations. IEEE
Trans. Microw. Theory Tech. 2004, 52, 1934–1943.

32. El-Saboni, Y.; Zelenchuk, D.; Conway, D.; Scanlon, W. Assessing the intrinsic radiation efficiency of tissue implanted
UHF antennas. IEEE Trans. Antennas Propag. 2019, 68, 1–10.

33. Zhao, Y.; Rennaker, R.L.; Hutchens, C.; Ibrahim, T.S. Implanted miniaturized antenna for brain computer interface
applications: Analysis and design. PLoS ONE 2014, 9, e103945.

34. El-Saboni, Y.; Conway, G.A.; Scanlon, W.G. The importance of antenna near-field losses in intra-body UHF
communication applications. In Proceedings of the 2017 IEEE International Symposium on Antennas and Propagation
& USNC/URSI National Radio Science Meeting, San Diego, CA, USA, 9–14 July 2017; pp. 399–400.

35. Bahrami, H.; Gosselin, B.; Rusch, L.A. Design of a miniaturized UWB antenna optimized for implantable neural
recording systems. In Proceedings of the 10th IEEE International NEWCAS Conference, Montreal, QC, Canada, 17–20
June 2012; pp. 309–312.

36. Yazdandoost, K.Y. A 2.4 GHz antenna for medical implanted communications. In Proceedings of the 2009 Asia Pacific
Microwave Conference, Singapore, 7–10 December 2009; pp. 1775–1778.

37. Bahrami, H.; Gosselin, B.; Rusch, L.A. Realistic modeling of the biological channel for the design of implantable
wireless UWB communication systems. In Proceedings of the 2012 Annual International Conference of the IEEE
Engineering in Medicine and Biology Society, San Diego, CA, USA, 28 August–1 September 2012; pp. 6015–6018.

38. Cheng, X.; Senior, D.E.; Kim, C.; Yoon, Y.-K. A compact omnidirectional self-packaged patch antenna with
complementary split-ring resonator loading for wireless endoscope applications. IEEE Antennas Wirel. Propag. Lett.
2011, 10, 1532–1535.

39. Baena, J.D.; Bonache, J.; Martín, F.; Sillero, R.M.; Falcone, F.; Lopetegi, T.; Laso, M.A.; Garcia-Garcia, J.; Gil, I.;
Portillo, M.F. Equivalent-circuit models for split-ring resonators and complementary split-ring resonators coupled to
planar transmission lines. IEEE Trans. Microw. Theory Tech. 2005, 53, 1451–1461.

40. Alrawashdeh, R.S.; Huang, Y.; Kod, M.; Sajak, A.A.B. A broadband flexible implantable loop antenna with
complementary split ring resonators. IEEE Antennas Wirel. Propag. Lett. 2015, 14, 1506–1509.

41. Yang, Z.-J.; Xiao, S. A wideband implantable antenna for 2.4 GHz ISM band biomedical application. In Proceedings of
the 2018 International Workshop on Antenna Technology (iWAT), Kuching, Malaysia, 24–26 July 2018; pp. 1–3.

42. Tsai, C.-L.; Chen, K.-W.; Yang, C.-L. Implantable wideband low-specific-absorption-rate antenna on a thin flexible
substrate. IEEE Antennas Wirel. Propag. Lett. 2015, 15, 1048–1052.

43. Nikolayev, D.; Zhadobov, M.; Karban, P.; Sauleau, R. Increasing the radiation efficiency and matching stability of in-
body capsule antennas. In Proceedings of the 2016 10th European Conference on Antennas and Propagation
(EuCAP), Abu Dhabi, United Arab Emirates, 14–16 November 2016; pp. 1–5.

44. Ali, S.M.; Jeoti, V.; Saeidi, T.; Wen, W.P. Design of compact microstrip patch antenna for WBAN applications at ISM 2.4
GHz. Indones. J. Electr. Eng. Comput. Sci. 2019, 15, 1509–1516.

45. Basir, A.; Yoo, H. A stable impedance-matched ultrawideband antenna system mitigating detuning effects for multiple
biotelemetric applications. IEEE Trans. Antennas Propag. 2019, 67, 3416–3421.

46. Bao, Z.; Guo, Y.-X.; Mittra, R. An ultrawideband conformal capsule antenna with stable impedance matching. IEEE
Trans. Antennas Propag. 2017, 65, 5086–5094.

47. Symeonidis, S.; Whittow, W.G.; Panagamuwa, C.; Zecca, M. An implanted antenna system for the monitoring of the
healing of bone fractures. In Proceedings of the 2015 Loughborough Antennas & Propagation Conference (LAPC),
Loughborough, UK, 2–3 November 2015; pp. 1–4.

48. Gabriel, C. Compilation of the Dielectric Properties of Body Tissues at RF and Microwave Frequencies; King’s Coll
London (United Kingdom) Department of Physics: London, UK, 1996.



49. Ming-Kuei, H. Fresnel region field distributions of circular aperture antennas. IRE Trans. Antennas Propag. 1960, 8,
344–346.

50. Symeonidis, S.; Whittow, W.G.; Zecca, M.; Panagamuwa, C. Bone fracture monitoring using implanted antennas in the
radius, tibia and phalange heterogeneous bone phantoms. Biomed. Phys. Eng. Express 2018, 4, 045006.

51. Afroz, S.; Thomas, S.W.; Mumcu, G.; Locke, C.W.; Saddow, S.E. A Biocompatible SiC RF Antenna for In-vivo Sensing
Applications. MRS Online Proc. Libr. 2012, 1433, 119–124.

52. Hout, S.; Chung, J.-Y. Design and Characterization of a Miniaturized Implantable Antenna in a Seven-Layer Brain
Phantom. IEEE Access 2019, 7, 162062–162069.

53. Kiourti, A.; Christopoulou, M.; Nikita, K.S. Performance of a novel miniature antenna implanted in the human head for
wireless biotelemetry. In Proceedings of the 2011 IEEE International Symposium on Antennas and Propagation
(APSURSI), Spokane, WA, USA, 3–8 July 2011; pp. 392–395.

54. Murphy, O.H.; Bahmanyar, M.R.; Borghi, A.; McLeod, C.N.; Navaratnarajah, M.; Yacoub, M.H.; Toumazou, C.
Continuous in vivo blood pressure measurements using a fully implantable wireless SAW sensor. Biomed.
Microdevices 2013, 15, 737–749.

Retrieved from https://encyclopedia.pub/entry/history/show/27401


