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A Triple Band Deep-Tissue Antenna for Biomedical Implants
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Abstract - In this study, we introduce a triple-band flexible implantable antenna that is tuned by using a ground slot in three
specific bands, namely Medical Implanted Communication Service (MICS: 402-405 MHz) for telemetry, the midfield band (lower
gigahertz: 1.45-1.6 GHz) for Wireless Power Transfer (WPT), and the Industrial, Scientific and Medical band (ISM: 2.4-2.45
GHz) for power conservation. This antenna is wrapped inside a printed 3D capsule prototype to show its applicability in
different implantable or ingestible devices. The telemetry performance of the proposed antenna was simulated and measured by
using a porcine heart. From the simulation and measurement, we found that use of a ground slot in the implantable antenna
can improve the antenna performance and can also reduce the Specific Absorption Rate (SAR).
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Ch 2 A oAy 957171E0] B4 84l AIAET HE6H0]
A8 4 97 AYoA B e Bl o, TRl gAgo
2 50 9] QlaiAl B2 A7t Hof Kol ArH1]-[4]. §5
=71(Size), FA(Weight), M 4H|(Power)E £017] fleiA B2
=g ofal Ak g JIRIZ o2, LBEQl pacemaker?] 1/10
AT 37]9] Nanostim™ leadless pacemaker [1]& & O]AIE
O]771719] E71&Q1 7]&olt}. stAIE 7] SHolk= 7IAIEQ]
AT 71sF o2 % ojFds] B2 EAUAZE dot Utk
Pacemaker, ICD 3 Z2 TFHIES QA QR A=
Al2cH BA0Z SAI6H0J0F stofof of7] miEol QA Wad
CHILIE EQZE Sith J8]al olXg QHELe QAIROIAC]
015 &4, thYE, %1 F7], AR 58 BF WEAIFAHOL
She HIuE 7INEe 2AE 2=ttt Aol A9 71719 &
HEAE sHdotAl ot Mezsg S8 Hielgl wAE oFA &
o} 4= XA Beg I "t [5]-[8]. T dTFolAE
spiral & planar interted F QHEIL} (PIFA) TLEE0] 4835} 7]
& SHAA 2ol AFEE] Aal Yon, JAHM| tigst X
g o|&5to] 483t Y o5, Bl 5 FATEQl QL 4
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B2 =HoAE MZ2E2 FX9 Medical Implant Communi-
cation Service (MICS)E, Midfield "iEE, Industrial, Scientific
and Medical band (ISM) & & & AI7IX] IEE 7FA= PIFA
CHEILIE RIQFSIQICE MICS (402-405 MHz) WiEE RAEA &
HUB™SE, Midfield (145-1.6 GHz) WTCE BAEA 718,
ISM (24-245 GHz) WE= Fe HFE Q&) 22 o|gErh
st oL 85€ grishr] Qs AFE AlEHolA 2 EK]
Aol 3D ZEEE P& oto] AEIUE dojal Ad W =Fs5;
Ao, QA SFEGARE BASIYCL 2 =24 AoHE ¢t
Hll= AR AUEE pacemakerS $IsiA] QHEILE AA W
SAR B4 TRAEL CHst olAg QHEUAAE 1 S80] 7t
Sofelgt EEC]

2.1 Antenna Design

2 =RolldE Al 7K WEoA 8% Jksth, RE &
= OHIUE Ao, AFRdoA QL TIRIE flsh
0] REMCOMA}Y] XFdtdE ARSSIICE 17 1004 RE ZAH,
RIOHEl O]A1E OHLIQ] FAE spiral B planar interted F Ot
HL (PIFA) 7XRgEOIH, Al 7HK] W Falg RESH] ¢
SfA] T-shaped slotg FAIHo| CIAIQISHILE A QL 37
= 205 mm * 31 mm * 0.05 mm (31.775 mm3)0|H, QT OH
Lt X I8 @0 UERY ATE SREEE 3 FRHK=
MEQ ZTNlo|E (,=4.3, tand=0.004, thickness=0.025mm)S
substrate @ superstrate2 AMZSIGCE T8 1(@)olARE &A
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Fig. 1 Proposed antenna model: (a) Geometry (top view and
side view), dimensions, and positioning of the ground
slot (all units are in mm) (b) Current overlays without
ground slot (¢) Current overlays with ground slot

™ slotg Hda] £FsI0] Al 79 T2 Wit Faiemids
g 71 Qon, QHEUel 0] feedE 7MW, 2EZFR
short pin0] ULl T-shaped FAIH slot2 Al 7K Fil49] &
ZHE ofLgt I8 1(b)Qt ()olA] HiE= ZIAE AWE SR patch
ol 2= AFE Lol diFe I IECEN CHHLIo)
OlF QS TRl @40Ith TS short pin®l 9IXIE ARIE O
patch9 Ho|QF Zole}t &4 FRIFulol] Be dgFE 7l

2.2 Simulation ¥ Measurement 21}

ARIQIAEHET RABIA THE7] ?aiAl, 1" 2@dA He
AXE g9 AHUE X Edol Asto] AlsEdolMdst
o} AxY U9 A= I8 2o UERE Jom, A
QIR AE= AE%HE Nanostim leadless pacemaker= 71
R AAAAOIZ(EE 105 cm, 20| 445 mm)ETH AT 2 o
TFolAE ZZ 1025 mm, Z20] 20.5 mmo] AES ARESIROH,
leadless pacemakerZEHoll €A QHEL} F=l0] 7Hsoitt. Aglgt
22 FHg IS "R AEEe Algsilon, CHUE AF
FAEOZ 45 mmzZI0|2 BojA] AEeIUtt. AF S 5FA
OlE0] Eof AVIA Ei1 TRAE F4dleh= & FA7F €Qst
Ch AA sFA0E2 QALY 8o dgg Fedl

71 olfe th3ah o EUel FRHo] wEo] A fgEe
SHA Bl HAE giEEe] ARE FstA st E= Aol
A9 ARsERE H6lE s "tk 18 e AEE FRE
T Ae CHEUE HoiFm, I8 (e 3D ZHER AFE

Fig. 2 (a) Remcom XFdtd simulation setup (b) Geometry of
the conformal antenna
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Fig. 3 (a) Fabricated flexible antenna (b) Fabricated antenna
wrapped inside a 3D printed capsule (c) Antenna
radiation pattern measurement setup (d) Current
distribution in the conformal antenna (e) Simulated and
measured S11
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A TiEE S5 g A Yo, I8 3(de A WA
HEQ! Fulr 400 MHzOIAQ] FHRHT] QOHLLS] MFEEE Lt
ERl, A& I8 1009 sY¢gs & + At FES HiAL A
F(S11)2 I8 3o oAl 7HK] 2ol tisto] AlEsold 3
AR SFEACE. B710049 FLE MQst LIHAL Wl 7HK] Z
L= 79 Ze e HoFEa 9omn, F70Me R0 A
Eoz TIE U 7IK9 ALHErCE 2 Ro|g 7IX|7] miRolch
ARl FOHE OHEILIS] Ze Wl A9 FRFaRFE JIAIH, F ©
® ZFukE WE(700 MHz~750 MH2) = 2 AMEsH= Tiodo] o}
Lez & on7t glota sebeEr), MICSHEOAE ~10dB T
oZ0] 32 MHzoIH AJEHOIA H =FE QL) 0|52 -31
dBiZ BEo| S4IE0R Jtsdlth I8 4= AlEHOM 4 =
HE A% 9 AFSH WA SiEES LIERATE QHEILES] WAL ThE
S ATHEE Ol Wi 4% dEge BF HjEdst dgong
AEs| RARRIE & 4 Qth SR AR AE AgoAE AE
gold ZHRCE thae E0iE OHLE 058 & 4+ QUth

QIS QPRI (RF safety)E 25101, 1g, 10g SAR ©#S =
Al F0ke0l 400 MHzOIAT I8 2049 BF8olA] AlLFSIATH
1g, 10g SAR 7HE WEAFI= U 58 Age 44 39
mW, 31.8 mWoIT}, Yutso=z o] gk Ol AYE 9z 77l
A @7uE &Y dgRD X 2 gloleg didog EX
e SARE ZIAZ Hoh AR AotE [AHTRZE Qlsto] o
HL} 0]50] g2tAl, QX ZREOZ WAlk]= FHo| Zobd
SARgHo] 2iRlog £ojErtal & = AU
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Fig. 4 (a) Simulated and measured E-Plane radiation pattern
(b) Simulated and measured H-Plane radiation pattern
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