
in-vivo Wireless Communication System for Bio MEMS Sensors

Kenichi Okada1, Tomohiro Yamada1, Takumi Uezono1, Kazuya Masu1, Akio Oki2, and Yasuhiro Horiike2

1Precision and Intelligence Laboratory, Tokyo Institute of Technology
4259-R2-17 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan
Phone & Fax: +81-45-924-5031 E-mail: okada@pi.titech.ac.jp
2Biomaterials Center, National Institute for Materials Science

1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan

1. Introduction
Bio sensors have been developed using bio MEMS technol-

ogy as a key device of µ-TAS (micro-Total Analytical Sys-
tem) [1]. This paper proposes an in-vivo wireless communi-
cation system to extend an application of the µ-TAS. The pro-
posed system provides a small-size and battery-less wireless
communication through human body as shown in Fig.1. It was
implemented into 1.8mm2 chip, and it can realize an interac-
tive sensing of everywhere in human body by swallowing or
implanting into human body.

The crucial problem of the in-vivo wireless communication
is very large attenuation of human body. In this paper, we re-
port measured attenuation characteristics of human body and
an antenna coil structure for the wireless communication chip.

2. Wireless Communication System
Figure 2 shows electromagnetic transmission types of elec-

tromagnetic wave and electromagnetic coupling. Attenuation
characteristics through 15cm thickness of human body equiv-
alent are measured at 2.45GHz [2], which is transmitted as
electromagnetic wave. Table 1 shows measured attenuation
of 300kHz, 1MHz, 3.5MHz, 13.56MHz, and 35MHz for 15cm
thickness of human body equivalent, which are measured by
the outside and inside inductors as shown in Fig.3. At these
frequencies, a signal is transmitted by inductive coupling as a
near-field communication. For permeation characteristics, the
electromagnetic coupling transmission is advantageous to the
electromagnetic wave transmission in Fig.2. We therefore use
13.56MHz for the proposed system because it is an ISM band
and we can use the electromagnetic coupling transmission.

It is difficult to use usual modulations, because the attenua-
tion is often varied by the moving of human body. Thus, Pulse
Interval Modulation (PIM) is employed in our system [3]. PIM
uses pulse interval for data transmission. The feature is that
data transmission does not depend on the human body attenua-
tion, so PIM at 13.56MHz is suitable for the proposed system.

S/N ratio is important issue for battery-less wireless com-
munication, so the transmitting sequence is separated into two
phases. In the first phase, inside device is charged up from out-
side coil to inside coil using inductive coupling. In the second
phase, the inside device transmits medical information to the
outside coil. At this time, charging from outside coil is stopped
to avoid insensitiveness. Figure 4 shows block diagram of the
designed system. The value k is coupling factor [3].

Figures 5, 6 and 7 show time domain simulated results of
the proposed system at k = 0.5. Figure 5 shows capacitor volt-
age at charging time. In the first phase, capacitor is charged by
the outside coil. Figure 7 shows voltage at the outside coil. In
the second phase, interval time between the first and second
pulses is determined according to measured medical informa-

tion. Table 2 shows simulated peak-to-peak voltage of first
pulse as a function of coupling factor k.

Figure 8 shows the designed layout using 0.35µm Si CMOS
process, and core size is 1.8mm square. In this time, we im-
plemented the proposed system without control circuit.

3. Coupling Factor
From the result of Table 2, to improve S/N ratio, coupling

factor k should be large. We hence investigate coupling fac-
tor between outside coil in Fig. 3 and inside coil. Figure 9(a)
shows tablet structure, and the size is 9mm in diameter and
4mm in height. Figure 9(b) shows capsule structure, and the
size is 5mm in diameter and 15mm in length. Both sizes are
common in usual medicines. Magnetic flux density at the cen-
ter of outside coil in Fig. 3 is given by Biot-Savart law.

B = (µI/πr) · N1 · 2 (1)

where µ is permeability, I is current of outside coil, r is length
between line of coil and center of coil, and N1 is turn number
of outside coil. Mutual inductance is calculated by

M =
N2∑

a=0

B · Sa (2)

where Sa is inside coil area of the a-th turn, and N2 is turn
number of inside coil. Coupling factor is calculated by

k = M/
√

L1 · L2 (3)

where L1 is self inductance of outside coil, and L2 is self in-
ductance of inside coil.

Table 3 shows calculated result of coupling factor and sim-
ulated result of voutside peak-to-peak. Coupling factor is cal-
culated in both structures with or without ferrite core. Outer
shapes of both cases are the same, and ferrite area can be used
for coil line in case without the ferrite core. In this result, tablet
structure is suitable for the proposed system, and coupling fac-
tor with ferrite is better than that without ferrite.

4. Summary
We propose the battery-less wireless communication system

through human body. This paper investigates carrier frequency
and antenna structure, and reports attenuation and coupling
factor. The results show that 13.56MHz and tablet structure
are suitable for the proposed system.
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Fig. 3: Measuring Equipment

Table 1: Attenuation characteristics through 15 cm thickness
of human body equivalent.(Average value)

300kHz 1.00MHz 3.50MHz 13.5MHz 35.0MHz
45 dB 51 dB 54 dB 47 dB 39 dB
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Fig. 4: Block diagram of wireless communication circuit
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Fig. 5: Simulated voltage at capacitor CB at k = 0.5
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Fig. 6: Simulated voltage at the inside coil at k = 0.5

Charge-up phase Data transmitting phase

interval time expresses
transmitting data

t [ms]
0  0.0001  1.5         1.6          1.7         1.8          1.9        2.0

10

5

0

-5

-10

v o
ut

si
de

 [V
]

sine wave

760 mVpp 760 mVpp

Fig. 7: Simulated voltage at the outside coil at k = 0.5

Table 2: Simulated peak-to-peak voltage of first pulse

coupling factor k 0.1 0.2 0.5 1.0
voutside pp 16 mV 340 mV 760 mV 2.3 V
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Fig. 8: Layout of TEG
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Fig. 9: Antenna structures

Table 3: Calculated result for each antenna structure in Fig. 9

core without ferrite core with ferrite core
structure tablet capsule tablet capsule

self inductance 304 nH 343 nH 142 µH 243 µH
k 0.0032 0.0019 0.095 0.066

voutside pp 120 mV 75 mV 230 mV 125 mV
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