
Abstract—In this paper, a telemetry and contact-less powering 
system consisting of an implantable bio-MEMS sensor with a 
miniature printed square spiral chip antenna and an external 
wearable garment with printed loop antenna is investigated. The 
implantable chip antenna and the wearable garment pick-up 
antenna are in close proximity to each other and hence couple 
inductively through their near-fields and behave as the primary 
and the secondary circuits of a transformer, respectively. The 
numerical and experimental results are graphically presented, 
and include the design parameter values as a function of the 
geometry and the relative magnetic near-field intensity as a 
function of the angle, for the implantable chip antenna . 

I. INTRODUCTION
n human space exploration programs there are several 
situations such as space and planetary surface 
extravehicular activity (EVA), launch and de-orbit, and 

physical exercise in microgravity that require noninvasive 
monitoring of the physiological parameters, including blood 
pressure, heart rate, oxygen, etc. [1]. The sensors used in 
monitoring these parameters have to be small, light weight, 
wearable and inductively powered. In addition, the data from 
these sensors have to be wirelessly transmitted and recorded. 
Furthermore, the recorded data has to be periodically uploaded 
to a database server via a wireless local area network (LAN) 
for assessment. As an example, the progress to date by our 
group and others in the development of implantable bio-
MEMS based sensor system for monitoring pressure is 
presented in [2]. These sensors operate in the unlicensed 
frequency band and the frequency, power, and range of 
operation as well as, the dielectric properties of the human 
body are summarized in Table 1. Moreover, wearable sensors 
and systems for unobtrusive and continuous monitoring of the 
vital signs of humans have recently made significant advances 
[3]. Hence integrating the two technologies would enable 
higher mobility and greater connectivity. 

In this paper, a wearable wireless telemetry and contact-less 
powering scheme for an implantable bio-MEMS based
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TABLE 1 
MEDICAL IMPLANT COMMUNICATION SERVICE BAND FOR BODY

IMPLANTS AND HUMAN TISSUE DIELECTRIC PROPERTIES
Frequency (MHz) 402–405 

RF Power Level External 
to the Body ( W)

(max)

25

Range (m) 2 
Human Muscle Dielectric Constant and 

Conductivity (S/m) at 400 MHz 
58.0, 0.82

Human Fat Dielectric Constant and 
Conductivity (S/m) at 400 MHz 

11.6, 0.08 

sensor system is presented. The scheme is illustrated via a 
spinal implant and a wearable unit as depicted in Fig. 1. 
Integrated with the implantable bio-MEMS sensor and the 
wearable garment are a miniature (1 1 mm) printed square 
spiral chip antenna and a pick-up loop antenna/signal 
processing circuits (5 5 cm), respectively. The miniature 
implantable sensor antenna is modeled as a square spiral 
chip inductor and the computed inductance, parasitic 
resistance and capacitance are presented. In addition, the 
implantable antenna and the proximity garment pick-up 
antenna are coupled via the near-fields and hence the 
computed mutual inductance is presented. Lastly, a lumped 
element equivalent circuit model taking into consideration 
the mutual inductance, and the near-zone magnetic field 
intensity pattern of the implantable antenna, are presented. 

II. IMPLANTABLE SQUARE SPIRAL CHIP
INDUCTOR/ANTENNA

The miniature printed square spiral chip inductor/antenna is 
illustrated in Fig. 2 (a). A photomicrograph of the circuit 
fabricated on a high resistivity silicon wafer ( r = 11.7) is 
shown in Fig. 2 (b). The circuit is modeled as a series inductor 
LS and resistor RS in parallel with a capacitor CS. The LS is 
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computed using the current sheet expression given in [4] and 
the RS and CS are computed using the expressions given in 
[5]. In computing RS the conductor thickness is assumed to 
be equal to one skin depth at the operational frequency of 
403 MHz. The computed RS, LS, and CS as a function of the 
strip width W and the number of turns N for a fixed strip 
separation S are presented in Figs. 3 to 5, respectively. The 
experimental data point in Fig. 4 is for the inductor shown in 
Fig. 2(b). 

III. EQUIVALENT CIRCUIT MODEL FOR INDUCTIVELY
COUPLED SQUARE SPIRAL CHIP AND LOOP ANTENNAS

To determine the mutual inductance M, the miniature 
printed square spiral chip inductor/antenna and the pick-up 
loop antenna are modeled as two circular filamentary current 
paths of radius a and b, respectively, as shown in Fig. 6. 
Based on the expression in [6], the computed M as a 
function of the implantable antenna radius a, for a fixed 
separation h, is presented in Fig. 7. In addition, the 
inductively coupled spiral and loop antennas are modeled as 
an equivalent transformer [7] as shown in Fig. 8. In this 
model, Rp and Lp represent the loss resistance and self-
inductance of the external pick-up loop antenna. The 
capacitance Cp is part of the input impedance matching 
circuit. This model would be used to compute the input 
impedance for designing a matching circuit. 

IV. NEAR-FIELD PATTERN OF IMPLANTABLE
SQUARE SPIRAL CHIP ANTENNA ARRAY

The case of a single miniature square spiral chip antenna 
has been analyzed and presented in [7]. To provide greater 
circumferential coverage along the torso our implantable 
sensor has two miniature square spiral chip antennas, with 
equal amplitude and phase excitation, as illustrated in Fig. 9. 
For the purpose of analysis, the individual chip antennas are 
approximated by a single turn loop of radius a, with constant 
current distribution I0, and circumference less than one-tenth 
of a wavelength. Under this assumption the near-zone 
magnetic fields are given by the expressions in [8]. From 
these expressions the total near-zone magnetic field as a 
function of the azimuth angle  is computed and presented 
in Fig. 10. A practical sensor will be housed inside a 
biocompatible package. This package would be constructed 
typically from metal/ceramics and may have curved 
boundaries. Hence, additional simulations are necessary to 
accurately predict the near-zone magnetic field intensity 
around the package. These simulations are done using the 
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full-wave three-dimensional finite difference time domain 
electromagnetic analysis software, Remcom XFDTD [9]. In 
Fig. 11 a span shot of the simulated intensity of the magnetic 
field components, Hx, Hy, and Hz after one RF period, as a 
function of the distance from the center of a single-turn spiral 
antenna in the y-z plane, is presented. The maximum distance 

is 5 cm in the z-direction, which is typical for positioning a 
receiver in a wearable sensor application. The results for a 
multi-turn spiral will be presented in a future paper. 

V. DISCUSSIONS AND CONCLUSIONS

A wearable wireless telemetry and contact-less powering 
scheme for an implantable bio-MEMS based sensor system 
is presented. A miniature printed square spiral chip antenna 
and a printed loop antenna are integrated with the sensor and 
the wearable garment, respectively for telemetry and 
inductive powering. The implantable sensor antenna is 
modeled as a square spiral chip inductor. The computed 
results presented include the inductance, the parasitic 
resistance and capacitance and the near-zone magnetic field 
intensity pattern, of the implantable antenna array. In  
addition, for the coupled chip and loop antennas, the mutual 
inductance and an equivalent circuit model are presented. 

 As a concluding remark it may be mentioned that the 
miniature transmitters and receivers required for implantable 
sensor telemetry can be realized in sub-micron RF CMOS 
technology with DC power consumption on the order of few 
hundred microwatts [10], [11]. 
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