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A half-cut CPW-fed implantable antenna operating at ISM band
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Abstract: A novel flexible implantable antenna is proposed. The antenna is a half cutting of a
Coplanar Waveguide(CPW)-fed antenna with symmetric geometry. The half-cut antenna is optimized and
analyzed in a single-layered body phantom by using HFSS. Simulation shows that there are frequency
bandwidth shifts when the body phantom is filled with different tissues of muscle, small intestine, and
stomach, respectively. The antenna bandwidth covers Industrial, Scientific, and Medical(ISM) band in the
case of skin, muscle and small intestine. Simulation also shows that the antenna bandwidth has little
change with the varying of substrate thickness. Measurements are done by arranging the antenna in meat
mince and skin-mimicking gel. For the two cases, the measured 15:/<=10 dB bandwidth of the proposed
antenna is 1.91-2.65 GHz and 2.19-2.79 GHz covering ISM band, respectively. The proposed antenna has
a small size of 6 mmx13.5 mmx24 pm. The proposed antenna is also investigated with a conformal
structure adhering to a cylinder. The measured bandwidth of the conformal antenna is 2.26-3.11 GHz.
Compared with published literatures, the antenna has advantages of low profile, light weight and wide
bandwidth. The proposed antenna can be applied in wireless implantable medical devices, such as capsule
endoscope, wireless cardiac pacemaker etc.
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(a) CPW antenna with symmetric structure (b) half-cut CPW antenna

Fig.1 Antenna configuration Fig.2 Antenna in body phantom
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Tablel Antenna dimensions Table2 Dielectric constants of different human tissues at 2.45 GHz
antenna size(x,y) antenna size(x,y) tissue c /(S
rectangular unit /mm rectangular unit /mm T

P1 (0.8,7.95) P5 (1.4) skin(dry) 38.00 1.46

P2 7. P6 D muscle 52.73 1.74

P3 (1,6) P7 (1.8,0.5)

P4 @1 P8 0.5,1) small intestine 54.42 3.17
GND (5.13.5) stomach 62.16 2.21
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T 2.45 GHz (L A 18], B 4(a) Rl WL, REFRES R B CPW K LR 1 HL L 20 A 56 T yoz T X FR, &l 4(a)Zc 256>
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Fig.3 Simulation of half-cut CPW antenna in skin phantom

3 BJRERSE L] CPW R f Lk

J sur flA_per_m] :

5.882 3x10!
3.850 5x10'
2.520 6x10"
1.650 0x10'

1.080 1x10"
7.070 2x10°
4.628 1x10°
3.029 6x10°
1.983 2x10°
1.298 2x10°
8.498 0x10°!
5.562 8x10°!
3.641 4x10!
2.383 7x10!
1.560 4x107!
1.021 4x10™!
6.686 2x107

¥

]
oy Wl ]

v
RS e SO

il

T

(a) CPW antenna with symmetric structure (b) half-cut CPW antenna
Fig.4 Current distribution at 2.45 GHz
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Fig.5 Simulated |S};| of half-cut CPW antenna with Fig.6 Simulated |S};| of half-cut CPW antenna in
different substrate thickness / different human tissues
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Table3 Frequency characteristics of half-cut CPW antenna and conformal antenna in different human tissues

skin muscle small intestine stomach
parameter
planar conformal planar conformal planar conformal planar conformal
resonant frequency/GHz 2.51 3.21 2.08 2.56 2.16 2.67 1.90 2.37
bandwidth/GHz 1.97-3.39 2.33-4.74 1.76-2.77 2.0-3.7 1.80-2.67 1.96-3.77 1.64-2.43 1.86-3.33
-10
=6 mm
m 201
2
4
L —+—skin
30| —s—muscle
—4—small intestine
antenna —*—stomach
Il Il 1 1
(a) cross view (b) 3D view 1.0 1.5 2.0 2.5 3.0 3.5 4.0
fIGHz
Fig.7 Conﬁgi;atloneoféionformal 'jintenna Fig.8 Simulated |S};| of conformal antenna in different human tissues
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(b) antenna wrapped with plastic film (c) antenna in jelly skin phantom (d) antenna inside meat mince  (e) fabricated conformal antenna
Fig.9 Photograph of fabricated antenna and measurement setup
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Fig.10 Simulated and measured |S};| of planar half-cut CPW antenna Fig.11 Simulated and measured |S),| of conformal and planar antennas
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Table 4 Comparison of proposed antenna with that in published literatures
reference antenna size/(mm?xmm) substrate type bandwidth with |S,|<-10 dB/GHz
[2] 72.25%1.27 rigid 2.32-2.62(measured in pork)
[3] 100x1.27 rigid 2.32-2.67(measured in muscle-mimicking liquid)
[4] 100x1.27 rigid 2.111-2.232, 2.242-2.392(measured in mice)
[5] 94.985x3.81 rigid 2.436-2.498(measured in muscle-mimicking liquid)
[6] 414.596%0.147 flexible 2-3(measured in pork)
1.91-2.65 for planar antenna measured in pork mince
proposed 87.750x0.024 flexible 2.19-2.79 for planar antenna measured in skin-mimicking gel
2.26-3.11 for conformal antenna measured in pork mince
3 HHig

A SCHE T — PR B LM TR A R LR, RERWI IR Z5 0 Jg X BRIk CPW SRR, X I R 2 78 X R 0T R A7 U2 15 3] 2
) CPW REk, RE R T I8 [F] i 4 F o 3 v o D7 OS2 e WA JiG J5 JE 0 R AR SE R B/, RERHEAR TR A
RGP 2 A AR i A%, (HAESR . JILA . /N b S RERE 55 ISMOMRBE . 0F REHEAT N T, SR A% A4 AR O
ARAEEAU B2 JR 73 31l 3o R R BEAT A, ML R S 05 HEEAR W) 5, KAAE 2 Bl R BT b iy aly 58 24 GE A o ISM B .
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