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Abstract - In this work, an original scaled down round labyrinth molded implantable recieving wire is presented for clinical 

field to be worked in clinical band. The biocompatible polyamide substrate (   r = 4.3 and tan     = 0.004) with 0.05 mm 

thickness has been utilized as both substrate and superstrate. The proposed radio wire is included with generally excellent 

scaling down with the elements of 7 × 7×0.1 mm3 by utilizing round labyrinth formed construction in radiator.The proposed 

receiving wire shows most - 23 dBiof an extreme addition in a skin apparition reenactment at the recurrence of 2.45 Ghz. A 

model of radio wire has been manufactured and the estimations are led in a flesh piece. The greatest SAR (Specific Absorption 

Rate) has been assessed for wellbeing security thought. The acquired edges are in the protected limit and fulfilledC95.1-2005 

and IEEE C95.1-1999 security protocols. 
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INTRODUCTION 

Numerous specialists have been focusing on the implantable 

clinical gadgets, which give more advantages to get ready 

virtual climate to invigorate, screen and analyze different 

organs inside the body (P. S. Corridor et al. 2006). 

Implantable gadgets sensors work manufactured with the 

standard detection of an electrochemical. Produced 

current/voltage is differed corresponding to strain glucose 

and temperature through recieving wire. Radio wire assumes 

a significant part in this implantable gadget to send this 

detected information to outside world through remote 

connections (A. Kiourti et al . 2012). 

The plan ventures for planning implantable radio wires 

are portrayed (J. Kim et al. 2004). Generally implantable 

radio wires planned by fix based plan as a result its greater 

adaptability in nature. More implantable recieving wires have 

been introduced for bio clinical applications lately. In the 

current work, a scaled down recieving wire is introduced to 

implantable purposes. This model recieving wire is little in 

volume size of just 4.9 mm3. The smallest radio wire 

contrasted with different radio wires in an implantable 

applications writing. 

The remainder has been coordinated as follows: Area 2 

depicts the related survey and different mechanism identified 

with implantable fix recieving wire. The receiving wire 

planning procedures are clarified in Sections 3. Section4 

talks about the trial results and the examination of the radio 

wire with the current works. Section 5 gives end. 

LITERATURE SURVEY 

Prior, radio wires were planned to implant as planar 

altered F recieving wire (PIFA) or miniature strip radio wire 

,which works in the recurrence of 402–405 MHz (clinical 

embed correspondence administrations (MICS)) band(J. Kim 

et al. 2004). 

Besides, because of the size compel of implantable radio 

wires, layered(stacked) structures have additionally been 

presented (C.M. Lee et al.2007). 

 

 
C. Liu et al.2014presented a scaled down microstrip 

radio wire for biomedical application by decreasing size of 

10×10×1.27 mm3.Capactive stacking is used on radiator for 

tuning specific full recurrence. 

C. Liu et al. 2014 developed a multi-facet energized 

helical radio wire by consolidating three open circles layers 

associated by through openings to provide a voyaging wave 

radiation in an apparition muscle method for a container 

endoscope framework. 

Scarpello et al. 2011 developed a collapsed opening dipole 

recieving wire installed on PDMSsubstrate and assessed the 

presentation of radio wire in twist and planer state as far as 

coefficient. 

Tutku et al .2008 developed animplantable of a double band 

radio wire for glucose checking field and this plan has 

permitted radiation for exchanging among rest and awaken 

modes to lessen the necessity of energy embed. 
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Zhu et al 2012 presented a double band recieving 

wire with differential taking care of .it can be cared of 

permits simple association of differential circuits and 

disposes of misfortunes of baluns and coordinating with 

circuits. 

PROPOSED SYSTEM 

The target of this meythod is to plan and create a scaled 

down implantable recieving wire working at ISM groups .A 

viable plan of implantable radio wire requests scaled down 

size, good radiation execution and bio similarity respectively. 

Antenna Design 

The proposed radio wire structure and its detonated shown in 

Figure 1. It provided a component encompassed by 

biocompatible polyamide. It has aPolyamide’ssubstrate and 

superstrate. These are broadly utilized for PCB sheets plan 

and semiconductor bundling. The material thickness is 

accessible from 0.025 mm to 3 mm. It has a higher 

adaptability and biocompatibility. This structure is compared 

with a comparative polyamide of similar thickness 

forsuperstrate. Thusly, the proposed radio wire is 7 mm 

*7.2*mm * 0.1 mm which is a 4.9 mm3. The radio wire part 

is given in Figure 1 that is shaped by two rings and L like 

labyrinth design. A 50 ohm coaxial is injected with the span 

of 0.3 mm is used for the radio wire. 

 
 

  
 

 
 

Simulation Environment 

Fig.1 Proposed Antenna Design a) Geometry   b) Exploded view 

Initially,the proposed round labyrinth organized radio wire has been planned and examined utilizing HFSSsoftware. The 

skin’s permittivity and conductivity esteems are r=41.33 and 𝜎=0.872 s/m which is made with the100*100*100 mm elements 

in Figure 2. The radio wire is set in thebody’s skinfocal point and staying away from look to receiving wire is 50mm. 

 

Fig. 2. Skin phantom 
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Fig.3 a) Proposed Structure by L shaped slots 

The Figure 3 Shows the progressive strides for planning the proposed antenna design. Clearly the proposed roundabout 

labyrinth recieving wire is organized by changing key roundabout ring patch radio wire. The changes in roundabout ring patch 

recieving wire have brought about various cuts and spacessizes. This L-arrangement is molded labyrinth spaces in the middle 

of the round rings is utilized to accomplish further developed radio wire execution boundaries. Figure 4 shows (S11(reflection 

coefficient)) the examination of bit by bit development of openings in the middle of the round rings. 

 

 

 

 

 
a) b) 



 

10 

 

 

 

 
 

 
 

 

c) 

 

 
Fig.4 Slotseffect On Reflection Coefficient (S11) 

 

RESULTS AND DISCUSSION 
ResultsofIn Vitro Test 

 

 

Fig 5 a) Antenna Fabrication 
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Fig 5 b) Experimental setup 

 

To assess the presentation in more pragmatic and genuine scenario,the proposed radio wire has been embedded inside a 

section of new smudgy pork with the profundity of 2mm,like skin model that used in HFSS reenactment .The photograph chart  

of the exploratory arrangement is displayed in Figure 5 .The deliberate transmission capacity and the working occurrences 

impeccably match with the reproduced results. The Table 2 shows the antenna correlation with the past methods. 

 

The SAR studyis basic for planning implantable antennas. The SAR is fundamental for characterizing most extreme adequate 

info capacity to the radio wire and it ought to fulfill the upsides of 2 W/Kg and 1.6 W/Kg for 10-g and 1-g tissues, individually. 
The input is set to 1 watt; and the most extreme SAR upsides of 10-g and 1-g are 38.9 W/kg and 362 W/kg. 

 

Table 2 Comparison based on volume, freq, bandwidth, gain, SAR 

Ref Volume (mm)3 Frequency Bandwidth 

(Mhz) 

Gain(dB) SAR(W/kg) 

T. Karacolak et 1266.6 402.31Mhz&2.4Ghz 82 - - - 

al.2008   100    

X. Liu 
al.2017 

et 92.7 2.45Ghz 300 -17 - - 

A. Kiourti et al 203.04 402.31Mhz 27 -36.9 324.7 66.6 

.2012  433Mhz 28 -35.9 309.7 66.3 
  868Mhz 38 -35.1 296.9 66 

  915Mhz 40 -32.9 294.8 65.7 

F. J. Huang et 253 402Mhz 86 -7 341 - 

al.2011  2.45 GHz 60 -15 382 - 

Muhammad 646.9 1900Mhz 82 -20 358 38.2 

Zada et al. 2018 425.06 2450Mhz 73.1 -20.47 363 40.3 

Farooq Faisal et 10.08 902–928 MHz 184.1 -28.44 471 52.53 

al.2018  2.4–2.4835 GHz 219.7 -25.65 313 40.44 

Our work 4.9 2.42-2.4815 GHz 286 -23 362 38.9 
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CONCLUSION 

This current work has centered a clever roundabout labyrinth 

molded implantable radio wire for many applications with 

ISM band. By utilizing labyrinth shape inside the radiation 

fix, this method is used to recieving wire includes a pinnacle 

−23 dBigain with the scaled down elements of 7 × 7× 0.1 

mm3. The presented exhibition receiving wire is contrasted 

and the as of late revealed work. A model radio wire is 

manufactured and evaluate in a sin flesh .The deliberate 

information show a decent concurrence with the reenactment 

solutions. The proposed receiving wire radiation satisfies the 

wellbeing security guidelines and permits OK remote 

correspondence ranges, prompting various implantable bio 

clinical applications. 

REFERENCES 

[1] Kiourti and K. S. Nikita (2014), “Antennas and RF 

communication,” in Handbook of Biomedical Telemetry, 

John Wiley & Sons, Inc., pp. 209-251, 2014. 

[2] Kiourti, J.R. Costa, C.A. Fernandes, A.G. Santiago, K.S. Niki 

ta(2012). “Miniature implantable antennas for biomedical 

telemetry: from simulation to realization, IEEE Trans. 

Biomed. Eng, 59 (11). 

[3] P. S. Hall and Y. Hao (2006), Antennas and Propagation for 

Body-Centric Wireless Communications, Artech House, 

Norwell, Mass, USA. 

[4] Krishnaveni, G., Manimegalai (2019), B. Efficient and 

optimized design of a stacked patch microstrip antenna for 

next generation network applications. J Ambient Intell 

Human Comput. 

[5] Shah, S.A., Fan, D., Ren, A (2018). Seizure episodes 

detection via smart medical sensing system. J Ambient Intell 

Human Comput. 

[6] A. Kiourti, K. A. Psathas, and K. S. Nikita (2014), 

“Implantable and ingestible medical devices with wireless 

telemetry functionalities: A review of current status and 

challenges,” Wiley Bioelectromagnetics, pp. 1-15. 

[7] J. Kim and Y. Rahmat-Samii (2004), “Implanted antennas 

inside a human body: Simulations, designs, and 

characterizations,” IEEE Trans. Microw. Theory Tech., vol. 

52, no. 8, pp. 1934–1943, Aug. 

[8] J. Sánchez-Fernández, O. Quevedo-Teruel, J. Requena- 

Carrión (2010), “Dual-band microstrip patch antenna based 

on short-circuited ring and spiral resonators for implantable 

medical devices,” Microw., Antennas Propag. IET, vol. 4, pp. 

1048–1055, Aug. 

[9] C.-M. Lee, T.-C. Yo, F.-J. Huang, and C.-H. Luo (2008), 

“Dual-resonant -shape with double L-strips PIFA for 

implantable biotelemetry,” Electron. Lett., vol. 44, no. 14, pp. 

837–838, Jul. 

[10] J. Abadia, F. Merli, J.-F. Zürcher, J. R. Mosig, and A. K. 

Skrivervik (2009), “3D-spiral small antennas design and 

realization for biomedical telemetry in the MICS band,” 

Radioengineering, vol. 12, no. 4, pp. 359–367, Dec. 

[11] F. J. Huang, C. M. Lee, C. L. Chang, L. K. Chen, T. C. Yo, 

and C. H. Luo (2011), “Rectenna application ofminiaturized 

implantable antenna design for triple-band biotelemetry 

communication,” IEEE Trans. Antennas Propag., vol. 59, no. 

7, pp. 2646–2653, Jul. 

[12] C.M. Lee, T. C. Yo, C. H. Luo, C. H. Tu, and Y. Z. Juang 

(2007), “Compact broadband stacked implantable antenna for 

biotelemetry with medical devices,” Electron. Lett., vol. 43, 

no. 12, pp. 660–662, June. 
[13] P. Soontornpipit, C. M. Furse, and Y. C. Chung (2004), 

“Design of implantablemicrostrip antenna for communication 

with medicalimplants,” IEEE Trans. Microw. Theory Tech., 

vol. 52, no. 8, pp.1944–1951, Aug. 

[14] Liu, Y. X. Guo, and S. Xiao (2014), “Capacitively loaded 

circularly polarized implantable patch antenna for ISM band 

biomedical applications,” IEEE Trans. Antennas Propag., vol. 

62, no. 5, pp. 2407–2417, May 2014 
[15] Liu, Y. X. Guo, and S. Xiao, (2014) “Circularly polarized 

helical antenna for ISM-band ingestible capsule endoscope 

systems,” IEEE Trans. Antennas Propag., vol. 62, no. 12, pp. 

6027–6039, Dec. 

[16] Chin-Lung Yang ,Chi-Lin Tsai , Sheng-Hao Chen (2013)“ 

Implantable High-Gain Dental Antennas for Minimally 

Invasive Biomedical Devices”, IEEE Transactions on 

Antennas and Propagation , May. 

[17] Lucia Scarpello, HendrikRogier, DivyaKurup (2011), 

“Design of an Implantable Slot Dipole Conformal Flexible 

Antenna for Biomedical Applications Maria” ,IEEE 

transactions on antennas and propagation, October. 

[18] T. Karacolak, A. Z. Hood, and E. Topsakal (2008), “Design 

of a dual-bandimplantable antenna and development of skin 

mimicking gels for continuousglucose monitoring,” IEEE 

Transactions on Microwave Theory andTechniques, vol. 56, 

no. 4, pp. 1001-1008, Apr. 

[19] Zhu Duan,Yong-XinGuo, Rui-FengXue, Minkyu Je 

(2012),“Differentially Fed Dual-Band Implantable Antenna 

for Biomedical Applications”,IEEE transactions on antennas 

and propagation, December. 

[20] Wen Lei, Hui Chu, and Yong-XinGuo (2016),“Design of a 

Circularly Polarized Ground Radiation Antenna for 

Biomedical Applications”, IEEE transactions on antennas and 

propagation,June. 

[21] Muhammad Zadaand Yoo (2018), “ A Miniaturized Triple- 

Band Implantable Antenna System for Bio-Telemetry 

Applications” , IEEE transactions on antennas and 

propagation. 

[22] SoumyadeepDas ,Mitra (2018) “A Compact Wideband 

Flexible Implantable Slot Antenna Design With Enhanced 

Gain”, IEEE Transactions on Antennas and Propagation, 

Aug. 

[23] Zhi-JieYang ,Lei Zhu ,Shaoqiu Xiao (2018) ,“An Implantable 

Circularly Polarized Patch Antenna Design for Pacemaker 

Monitoring Based on Quality Factor Analysis”, IEEE 

Transactions on Antennas and Propagation , Oct. 

[24] Li-JieXu,Yong-XinGuo,Wen Wu (2015) “Miniaturized 

Circularly Polarized loop Antenna for Biomedical 

Applications”, IEEE Transactions on Antennas and 

Propagation, March. 

[25] X. Liu, Z. Wu, Y. Fan, and M. Tentzeris (2017), “A 

miniaturized CSRRloaded wide-beamwidth circularly 

polarized implantable antenna forsubcutaneous real-time 

glucose monitoring,” IEEE Antennas and 

WirelessPropagation Letters, vol. 16, pp. 577-580. 

[26] A. Kiourti and K. S. Nikita (2012), “Miniature scalp- 

implantable antennas fortelemetry in the MICS and ISM 

bands: design, safety considerations andlink budget analysis,” 



 

13 

 
 

IEEE Transactions on Antennas and Propagation,vol. 60, no. 

8, pp. 3568-3575, Aug. 

[27] Farooq Faisal and HyoungsukYoo (2018) “Miniaturized 

Novel-Shape Dual-Band Antennafor Implantable 

Applications”, IEEE transactions on antennas and 

propagation. 

[28] FarooqFaisal ,Yasar Amin , Youngdae Cho (2019), “Compact 

and Flexible Novel Wideband Flower-Shaped CPW- 

FedAntennas for High Data Wireless Applications, IEEE 

transactions on antennas and propagation”,JUNE. 


