
Abstract – The present accelerated development of
microelectronics led to new health care applications that
previously could not have been designed and here can be
cited the active implanted medical devices − IMD. But their
supply implies the existence of a power source, usually a
battery whose lifetime is limited and must be changed so it
implies repeated incisions. This paper presents an analysis
of Transcutaneous Energy Transfer − TET for recharging
the batteries from the IMDs based on wireless technology.
It is shown that, by using magnetic resonance (WiTricity),
the energy and data transmission are not restricted by the
position of the patient (receiver) with respect to the source
(transmitter).

Index Terms - Implantable medical devices,
Transcutaneous energy transfer, Wireless charging,
Data transfer, Magnetic resonance application, Safety.

I. INTRODUCTION

Implanted medical devices have gained a
widespread in recent decades.
Modern microelectronics has allowed the
appearance of some reduced size IMDs, less
invasive and with a longer lifespan. Currently,
they serve both for therapeutic actions and for
monitoring some physiological parameters
essential to ensure the quality of life.
An overview of some active IMDs types is given
in Fig. 1 [1].

Fig. 1. Implanted devices to solve various medical
problems

Among the most widespread active
implantable medical devices are artificial hearts,
implantable heart monitors and defibrillators,

pacemakers, neurostimulators, ventricular assist
devices a.s.o. An example of a complete device is
shown in Fig.2 [2]

a)

b)

Fig. 2. a – classical pacemaker (the programming unit, the
pacemaker itself, the excitation probe; b – remote

monitoring system.

The dimensions of the implanted pacemaker
(pulse generator) are determined mainly by the
power battery size whose lifespan is between 3
and 10 years. The patient can be supervised on-
line through a Wi-Fi secure connection or by
using a smartphone. Under this form, one obtains
an ideal IMD that ensures both the electrical
stimulation and the monitoring/response of the
patient under treatment.
Although there is a huge progress up to now, still
remain to be solved at a new technological level,
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the issues related to power supply and to
dimensions reduction of the active IDMs. In this
way, it could lead to the implantation of a sensors
network that will monitor the human body in
certain risk conditions.
This paper presents the application of contactless
inductive coupling for transcutaneous energy
transfer (TET) for recharging the power batteries
for the IMDs, which eliminates the necessity of
multiple incisions and which can help to decrease
the implant size by reducing the battery capacity.
We discuss especially the application of wireless
technology in WiTricity version, with magnetic
resonance coupling that ensures reasonable
transfer efficiency at distances and for variable
positions with respect to the transmitter. It is
analyzed the transfer efficiency, the coupling
factor of a planar spiral coils, the pacient safety
for electromagnetic radiation exposure and one
makes suggestions for future research in this
field.

II. MAGNETIC CONTACTLESS
TRANSCUTANEOUS ENERGY TRANSFER

Contactless energy transmission, although known
from the late XIXth century, has gained a
widespread use in recent decades due to many
applications in low and high power electronics
[3]. One of the materializations of this
transmission form is that which takes place in a
magnetic field at a distance R between the
transmitter and an arbitrary point in the field
where the receiver is placed in Region 1 from
Table I, where D is the largest source size
(antenna) and λ is the wavelength.

TABLE I. The electromagnetic coupling mechanism
according to [4, 5]

Region Distance (R) from the
source

1 Reactive near-field region




3

62.0
D

R

2 Intermediate (or radiating)
near-field (Fresnel) region






23

262.0
D

R
D

3 Radiative far-field
(Fraunhofer) region 


2

2
D

R

Region 1 is the reactive near-field zone in which
there is no electromagnetic radiation. The
analysis made by the authors in IEEE Xplore
database, with the keyword “Wireless power

transfer and biomedical science” shows the
researchers interest and also an explosive growth
of the indexed publications in this field.

Fig. 3. The number/year of IEEExplore indexed
publications for the domain: “Wireless power transfer and

biomedical science”

As follows, we will analyze the two realization
forms of the near-field magnetic coupling in
which, compared to the electric field coupling,
has the advantage that is not so sensitive to the
presence of dielectrics placed in the power
transfer path.

A. Magnetic Induction (MI) versus Magnetic
Strong Resonance Coupling (MSRC)

The classical form of the contacless transmission
by magnetic induction is known from Tesla [6]
and from the asynchronous motor invention
(induction motor) and it actually represents a
transformer with separable coils (L1, L2), usually
in air, characterized by a coupling factor k of
reduced value as in Fig. 4.

Fig. 4. Equivalent diagram of a magnetic inductive power
transfer

Here, to improving the power transfer properties,
a leakage inductivities compensation takes place,
primary and secondary, such that these circuits to
have the same resonance frequency [7].
In IMDs case, one should take into account that
the transmission takes place in media with
different dielectric properties, dependent on
working frequency [8,9] as shown in Fig.5 where
in addition is specified that besides the power
transfer also system status data can be
transmitted.
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If one denotes by Qp and Qs the quality factors of
the primary and secondary circuits, the power
transfer efficiency η can be written as [10]:

from where it results that the value of the
coupling factor k is decisive for the transfer
efficiency.

Fig. 5. A complete contacless inductive transmission
system for IMDs [9]

If one denotes, for the planar coils case, by d the
distance between the coils and by rm the
geometrical average of the outer radius of the
coils rp and rs , then, in the reactive zone of the
magnetic near-field,
η = f (1/d3) for d >> rm

or
η ≤ 40% for d >= rm

This magnetic inductive system requires precise
coils alignment [11] and can only provide power
over a small gap (few cm). Although it is widely
discussed in literature [12], this short-range
power transfer is not acceptable to generalized
application, on large scale, at IMDs.
Strong Magnetic Resonance Coupling (SMRC)
described in [13,14], with the commercial name
WiTricity, uses the same principle as the
magnetic inductive coupling but allows the power
transmission for distances much longer than that
corresponding to rm. This is the reason for which
it is called mid−range power transfer. The
wireless transmission system (Fig.6) [15], in this
case, consists of four resonant magnetic coupled
circuits, grouped two and two, one after another
by k12, k23 and k34 but also by couplings from the
distance k13, k14 and k24. The coils L1and L2 now
forms the transmitter Tx where the coupling is
very tight (k12→1), L3 and L4 forms the receiver
Rx with also a very tight coupling (k34→1) and
the coupling Tx – Rx ensures the effective power

transmission that has a reduced coupling due to
the big distance (d) between the coils L2 and L3.
For the general case, the global power transfer
efficiency for the SMRC system is [16]:

Fig. 6. Mid – range power transfer

If one takes into account the values of the above
coupling factors, the relationship (2) becomes:

for d >> rm (3)

The relationships (3) is similar to relationship (1)
but in this case the low k23 can be compensated
by a high Q2 and Q3 (independent of source and
load resistance).
In the original paper [13] the coils L1 up to L4 are
helical coils that occupy an important space.
The solution proposed in this paper consists of
using some coplanar spiral coils where L1 is
placed inside L2 and L4 is placed inside L3.
The following performances are expected from
applying the SMRC to IMDs:

- Accept different size for Rx (IMD) and Tx;
- Flexible orientation between Rx and Tx;
- Use non-radiative magnetic field to transfer

energy;
- Meets international safety guidelines for

human exposure
- Work in an extended wireless range (up to

few meters) directly or by resonant repeaters;
- Small batteries or no batteries.

B. Method for Coupling Factor Determination

From the above analysis it results that the
coupling factor k is a very important parameter
for characterizing any contactless power transfer.
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The method described in details in [17] that uses
a VNA (Vector Network Analyzer) for
determining the frequency characteristics for a
high power wireless power system and it has been
applied for the case of some small power
inductive couplers (Fig. 7) specific for IMDs with
the characteristics given in Table II.

Fig.7 PCB Spiral Coils

TABLE II. PCB Spiral Coils Data

Coils
Turns

N

Turns
width
[mm]

Pitch
[mm]

OD
[mm]

Inductance
at 25 kHz

[µH]
C1 10 1,2 1,2 50 2.35
C2 5 1,2 1,2 33 0.70
C3 5 1,2 1,2 28 0.54
C4 10 0,6 0,6 29 1.75
C5 10 1,2 1,2 55,5 3.10

C6 10 1,2 1,2
□

47,5/45
2.36

C7 20 0,6 0,6 51 8.76

C8 5 1,2 1,2
□

25/23
0.54

Table III. VNA Coupling factor and transformation ratio
for C1 – C2 Coils

d
[mm]

Middle
Band
|G21|

Rx to Tx

Middle
Band
|G12|

Tx to Rx

k n nmed

2 0,294046 1,156032 0,583 0,504 0,516
(+3.2%)12 0,122354 0,407108 0,223 0,528

In Table III are presented the results of the
determination of the coupling factor and of the
transformation ratio of the coupler realized with
coils C1 and C2 both valid in the frequency band
34 kHz up to 8.5 MHz.

III. TRANSCUTANEOUS ENERGY
TRANSFER VERSUS SAFETY

Electrical Safety is quantified based on the
Specific Absorption Rate (SAR) levels to limit
tissue heating due to conduction and relaxation
losses, the dominant loss mechanisms in tissues
[18]. The optimal frequency for minimizing coil
losses is different from the one for minimizing
tissue losses. Hence electrical safety demands
frequency selection to reduce the overall losses.
Using the restrictions available in [19,20] for
general public exposure one can estimate the
maximum power output of the link. Between 100
kHz and 30 MHz the estimated maximum power
is close to 20 mW;
Bio-compatibility: copper are not biocompatible,
so the coils need to be sealed hermetically;
Mechanical safety needs smooth edges and a
flexible, conformal design;
In conclusion: trade-offs between performance
and biocompatibility & conformity is still in
progress.

IV. CONCLUSIONS

 Strong Magnetic Resonant Coupling (SMRC) is
a new wireless power transmission technology;
 SMRC is best for IMDs, technique under
development in the world;
 Large interest to apply this technology from
research and industry;
 Some solutions and developments which could
be covered:

- Establishing essential characteristics of a
charging system for different IMDs

- High Q coils development on flexible PCBs
- Improving coupling factor and efficiency

(e.g. with metamaterials)
- SAR measurement and simulation from 0.1

up to 10 (100) MHz taking in account the
variation of skin and tissue dielectric properties

-Low power compact amplifier development
(e.g. class E)
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