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Abstract— A Li-ion battery charging design for wireless
medical implants is presented. Not only the power density is
limited in the medical implants, but also the inherent lack of
efficiency in a wireless powered system restricts the stability
of power supply for medical implants. Therefore, a simple and
power saving circuit is proposed to charge the Li-ion battery
with 0.1 C. In order to resist the ripple of the voltage supplied
of the carrier wave from the inducing coil, a special bias circuit
to generate a bias voltage which varies with supply voltage has
been designed. Moreover, the proposed design with a protection
circuit can limit over-charge voltage of the Li-ion battery to
prevent any damage.

Keywords— Li-ion battery, charging circuit, wireless, medical
implants

I. INTRODUCTION

The rapid development of semiconductor technology and
wireless communication has thrown a significant impact on
the daily human activities as well as the medicare treatment.
Traditionally, physicians might reply on in vitro signal ac-
quisition instruments and spectral analysis to detect electro-
physiological signals in living tissues, e.g., skin-surfaced elec-
trodes and pads, amplifiers, filters, etc, . Then, physicians can
evaluate the health condition of the patients by the readings of
heart and lung sounds, arterial blood pressure, and variation of
temperatures. Besides sensing the signal, functional electrical
stimulation (FES) is also developed as a practical treatment.
Such medical treatments have been drastically improved by
the advance of modern sciences and technologies lately, par-
ticularly the evolution toward the nano-scale semiconductor
process.

The treatment and diagnosis lack of accuracy by trans-
skin methods, and suffer from the infection by inserting the
electrode inside life tissues. Therefore, the medical implants
are adopted to deal with the mentioned problem. For example,
the implantable microelectrical stimulator has become an
astonishing therapeutic tool. The implantable microelectrical
stimulators are widely used in the treatment of the bladder
leakage control [1], interrupt of pains, muscle nerve stimula-
tion [2], and cochlear implants [3].

Without the wire through the skin, the supply power
becomes the most important issue for the medical implants.

There are two basic methods to supply the power inside the
life body. First, the batteries are adopted in some medical
implants. However, the battery has its life time. The implant
using battery has to be replaced by another surgery after the
battery is dead. Another surgery brings another cost of time
and money besides the risk of infection. Second, the power
could be supply wirelessly via a pair of induction coils. The
supply power of these implants depends on the efficiency of
the coil induction. In other words, the devices may be short
of supply power in poor environment conditions and out of
function. Therefore, a new resolution combining the above
mentioned methods is proposed which adopts a rechangeable
battery with wireless supply power from the induction coils.
The rechangeable battery can provide stable and clean supply
voltage independently, and the life time of the implants will
be extended very much.

On the other hand, there are different types of recharge-
able batteries could be adopted in the implants. The Ni-Cd
battery can provide the highest transient current, while the
Ni-MH battery has a advantage of fast recharging speed [4].
However, the large current, either charging or discharging, is
not necessary and not allowed in the medical implants because
of the power density issue. The Li-ion battery has the best
energy density, which means there is a largest energy capacity
in the limited battery volume. It is particularly suitable for
implants. Besides, Li-ion batteries do not suffer from the
memory effect, but they still have an ultra low self-discharge
rate. The only disadvantage of Li-ion batteries for implants
is the safety concern about over-charging. The details will be
described in the following text.

Therefore, we propose a Li-ion battery charging design
for wireless medical implants. The protection circuit can
prevent Li-ion from over-charging even under a variant supply
voltage. Moreover, the supply power induced from a coil
always suffers from the noise generated by the carrier wave.
The proposed charging design can provide a stable current
independent of the ripple on the supply voltage. Besides, the
charging experiment result shows that the Li-ion battery could
be charged with the limited wirelessly induced power. The
battery used in the proposed charging design is a Li-ion battery
whose full charged voltage and energy are 4.2 V and 400 mAh,
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respectively.

II. LI-ION BATTERY CHARGING DESIGN

The biggest challenge for Li-ion battery charging design
employed in a system with wireless induced power is the
limited power transfer efficiency. Besides, it is not allowed
in a medical implant to strengthen the transmitting power
too much. Thus, the proposed battery charging design give
up any technique with a complex circuit to save the power
consumption for battery. The charging design shown in Fig.
1 is composed of a power transistor (M1), a switch (M2),
a Bias Circuit, and a Voltage Detector. M1, whose size is
large enough to generate a 40 mA current, works as a power
transistor to supply the charging current. It is biased by V
bias from Bias Circuit to keep its V�� constant in order
to provide a constant charging current. The Voltage Detector
senses the voltage of battery to limit the charge time for the
safety concern. When the voltage of the battery is reaching
its limit, the Voltage Detector will pull down the Close node
to turn the M2 on. Then, the V bias will be pulled up to the
VDD to cut the charging current off.

A. charging strategy of Li-ion battery

The Li-ion battery has many advantages, especially when
it is adopted in medical implants. However, the major draw-
back of the Li-ion battery is the safety of charging. There are
usually limitations about current and voltage of charging the
Li-ion battery. If the Li-ion battery is charging with the voltage
or current over the limit, the battery temperature will rise
severely to cause fatal problems. Notably, the typical limit of
the charging current is 1C, which is the current can completely
charge a battery in one hour. For example, the 1C current is
400 mA for the battery with a energy capacity of 400 mAh.

Many charging techniques have been proposed [5]. The
constant voltage (CV) mode is the basic method to charge a
battery. However, there is a huge charging current at the start
of charging which could shorten the lift time of the battery.
The CV mode has the longest charging time because the
charging current is very small at the end of charging. The
constant current (CC) mode has a lethal drawback which is
that a very high voltage will be induced between the two
poles of the battery when the energy capacity of the battery
is almost full [6]. This high voltage will cause the damage
of the battery and other circuits nearby. Therefore, a joint
CC/CV mode has been developed to cancel the disadvantage
of each other. However, the CC/CV mode costs a lot of
hardware as well as the power consumption besides relying
on the supply power. Therefore, we choose CC mode with
0.1C charging current to avoid the huge voltage difference at
the end of charging.

B. bias circuit

The bias circuit is designed to provide a stable reference
voltage drop, V diff=VDD-V bias, which should be

independent of variant of supply voltage. The beta-multiplier
composed of M3 to M6 in Fig. 2 is adopted as a bias circuit
due to the capability of resisting the variation of VDD, [7].
The current is almost not affected by the VDD which makes
the V�� of M4 be constant. Besides, the feed-back loop
composed of M9 to M11 enhances the dynamic response.
When VDD suddenly increases, the V diff will increase as
well. Then, a higher I� of M9 and M10 forces the V��
of M10 to increase. The increase of V�� of M10 causes
more current drawn by M11 to decrease the V FB. Finally,
a lower V FB reduces the I� of M4 and M6 such that V
diff is reduced. Therefore, the reference voltage, V diff, is
independent of the variation and the ripple of the supply
voltage. In addition, in order to keep the beta-multiplier from
being stuck at the static state, M7 and M8 are connected as a
start-up circuit.

C. Voltage detector

In order to keep away the danger of over-charging to
the Li-ion battery, the voltage detector is needed to limit the
charging voltage. The proposed voltage detector shown in Fig
3 is composed of the voltage divider, M12 to M15, and the
current-source inverter, M16 and M17. The voltage divider
divides the V bat to generate the Va. The Va increases with
the V bat when the battery is being charged. If the V bat is
approaching the voltage limit of the Li-ion battery, the Va will
be larger than the threshold voltage of M17. Then, the Close
node is pulled down to cut the charging current off.

However, the current-source inverter is biased by V bias.
In other words, the threshold voltage decreases with the V��
of M16. The V diff is independent of the supply voltage
variation, but suffered from the drifting of the temperature and
process. Thus, the voltage divider is designed to compensate
the variant of the threshold voltage. For instance, when the
temperature increases, the threshold voltage of the current-
source inverter decreases with the V�� of M16. The Va also
decreases such that the charging current will not be cut off
ahead of time. The compensation works in the similar way to
resist the process drift.

III. SIMULATION AND MEASUREMENT

TSMC (Taiwan Semiconductor Manufacturing Company)
0.35�m 2P4M CMOS process is adopted to carry out the
proposed Li-ion battery charging design. Referring to the
layout shown in Fig. 4, the chip area is 221 �m � 224 �m
without pads. Fig. 5 shows that the V diff is not affected by the
variant VDD or the ripple on VDD. The charging simulation of
the proposed design is shown in Fig. 6. The charging current,
I charge, is about 39 mA (0.1 C), while the V bat increases
linearly. Thus, we have proceeded an experiment to charge
the Li-ion battery with a 0.1 C current. Fig. 7 shows that the
voltage of the battery, V battery, which increases linearly as
well. The Fig. 8 shows that the V bat is limited to protect
the battery. Although the voltage limitations are different at
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every PVT corner, they are still kept in range of 4.0 � 4.2
V. Fig. 9 shows the time of discharging a battery from 4.0 V
to 3.5 V which is about 85 % compared to the discharging
time from 4.2 V to 3.5 V. It means the energy capacity of a
4.0 V Li-ion battery is about 85 % of a fully charged battery.
The specification of the proposed battery charging design is
tabulated in the Table I.

IV. CONCLUSION

We have proposed a Li-ion battery charging design for
wireless medical implants. The simple and robust structure of
the proposed design costs tiny power consumption and charges
the Li-ion bettery with 0.1 C under the consideration of the
medical safety issue and the limitation of wirelessly supplied
power. The charging current is stable and independent of
supply voltage and its ripple noise. The experiment of charging
a Li-ion battery with a 0.1 C current has been proceeded
to make sure the practicability of the proposed design. The
proposed design has a protect circuit to limit the charging
voltage of the Li-ion battery to keep it from any non-reversible
damage.
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Fig. 1. Architecture of the Li-ion battery charging design.
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Fig. 2. Schematic of the bias circuit.
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Fig. 4. The layout of the proposed charging design.
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Fig. 5. Simulation results of V bias vs. the VDD variation.
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Fig. 6. Simulation results of charge current vs. voltage of battery.

Input voltage range 4.2 � 5.2 V
Ripple resist BW. 40 MHz
Charging current 40 mA

Voltage limit of battery 4.0 � 4.2 V
power consumption 0.825 mW

TABLE I

CHARACTERISTICS OF THE PROPOSED DESIGN.
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Fig. 7. Experiment results of charge current vs. voltage of battery.
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