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Abstract—A low-power PPM demodulator has been developed
for remotely powered batteryless implantable devices. The re-
quired power is harvested by the magnetic coupling with external
powering coils placed under the living space of the animal. Implantable
The remote powering is turned off only 1% of a bit duration e
during data transmission. The PPM demodulator consumes only

Powering

22,7 W at 1.8 V and has 5.55 kb/s data rate. Entire system Coils *—| | ——Power & 'VDala_,e
and basic blocks integrated using a 0.18 m CMOS technology — =P Powering &
are presented. Experimental results show the effectivenes$ the D> &P Data Uni

PPM demodulator and the communication system.

Fig. 1. Scenario for remotely powered implantable systemrizly moving
I. INTRODUCTION animal

The recent advances in microelectronics offer high perfor-
mance implantable devices for personalized therapies. Tikgoresented. The measurement results are given in Sedtion |
implantable devices improve the healthcare quality which p Finally, Section V presents the conclusions.
motes the comfort of the patient at low cost. The magnetieall 0

. . . REMOTE POWERING
coupled coils are commonly used to transmit power and data
from an external station to an implanted system [1], [2]. Remotely powered systems have several challenges. The

The animals play signi cant role on development of neV(,eceived power at the implantable system is limited due ¢o th

medical technologies and treatments [3], [4]. Many medic}ﬁeak coupling of the coils. In addition, the remote!y poveere
devices and drugs are approved by the animal tests. tems do not usually have a battery. The battery increhses

the other hand, the animals, especially rodents, bring agiserall size and weight of the system. Inabatteryles_s relylot_
challenges due to their size. The implantable device shioaild powered system, the value of the storage capacitor which

small and light-weight. In addition, the measurement mesu§UpplieS the energy when the received power is insuf cient,

are in uenced due to the stress level of the animal. Accordmitéd and hence the operation duration is short. Accaigin

ingly, the animal must be in a natural ambient and move freetl’&e remote powering can.not be turned off for a long duratlon.
in the living space. oreover, a low-power implantable system is essential for

Fig. 1 shows the scenario for a remotely powered in?_on_tlnuous operation. . - .
plantable system for a freely moving animal. In this system, Fig. 2 shows the equwal_ent C|rcu_|t of the magnetically-
the power and the data are transmitted from the externablstatCOUpled remote powering link. In Fig. 4, gnd le L2
to the implantable system by using the external powerinl;;cof’md R, are the self-inductances and the series resistance of

under the living space. The data is used to calibrate anulc«ﬂonfhe powering and_'ghe |mpI§1nt coils, respectlve%l and
the implantable system. Cp2 are the parasitic capacitances of the powering and the

When the animal moves in the living space, the magnegllzlplant coils, respectivel\C,, andZ_ represent the resonance

coupling between the powering and the implant coils alscgpacngnce and the I_oad impedance of the |mp_Iant_ coil,
respectively. In magnetically-coupled remote powerimksi,

changes. Accordingly, the amplitude of the induced voltaq owering coil is driven by a power ampli er and generates
changes which affects the remote powering performance ang P 9 yap P g

S A . a magnetic eld. This magnetic eld induces voltage on the
also the communication reliability. This paper presents .a . SR )
low-power PPM demodulator which guarantees a reliabllrt?pl"int coil which is given by [5]
communication with an ef cient remote powering. Section || Vi = vik 1
describes the challenges of remote powering. In Sectign IIl ind = VaKn (1)

the modulation methods and important parameters of comnwiere k and n are the couplirpg coef cient and the square

nication are discussed and the low-power PPM demodulatoot ratio of the inductances€ L,=L;), respectively. The
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Fig. 5. PWM and PPM encoding schemes and effects on the remote powering

the other hand, the remote powering is interrupted by the com-
munication when ms value is high. Fig. 5 shows Pulse Width
Modulation (PWM) and Pulse Position Modulation (PPM)
encoding schemes and the effects on the remote powering.
In PWM scheme, the bits ”1” and ”0” are encoded in one
bit duration (f.yi) by the durations £; and g, respectively.
Moreover, for PWM, the remote powering is turned off for
teyele-t1 and teyee-to during transmitting the bit ”1”” and 07,
respectively. For PPM, the same durations (¢; and ty) can
be used to encode the bits ”1” and ”0” while the remote
powering is disturbed minimally. Accordingly, PPM encoding
scheme is chosen to minimize the perturbation on the remote
powering. The bits are encoded in a duration between two
pulses as shown in Fig. 5. Therefore, the remote powering is
only turned off for two pulse durations which do not affect
the received power crucially. A storage capacitor is used to
supply the energy during the pulses.

B. PPM Demodulator

The PPM demodulator is composed of PWM clock genera-
tion and counter blocks. Fig. 6 shows the schematic of PWM
clock generation block. The remote powering signal (V;,)
is encoded with PPM and drives an envelope detector. The
envelope detector filters the data from the remote powering
signal. Although Vj;, signal is filtered, the output of the
envelope detector has still ripples on the data that can change
the state incorrectly and create malfunction. Therefore, a
Schmitt trigger with 150 mV hysteresis is used to eliminate the
ripple on the envelope detector output and convert the signal to
rail-to-rail. D type flip-flop (DFF) follows the Schmitt trigger
to convert the PPM signal to the PWM signal. Each rising
edge of the Schmitt trigger changes the output state of the
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Fig. 6. Schematic of PWM clock generation block
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Fig. 7. Schematic of counter block
DFF.

The durations (¢; and ¢y) are measured by a counter block.
Fig. 7 shows the schematic of the counter block. The counter
block has series connected D flip-flops. Each DFF divides
its input clock by 2. These DFFs are enabled by an active-
low signal which is the previously generated PWM clock.
Accordingly, the DFFs are activated by the PWM clock for
t1 or to duration. If the duration is ¢; which is longer than ¢y,
the output of the last (N*"*) DFF changes its state from ”1” to
”0”. Conversely, if the duration is tg, the output of the N th
DFF does not change its state and keeps at ’1”. Therefore, bit
”1” and 70" are decoded by measuring ¢; and ¢ durations,
respectively. The reference clock for the counter block is
generated by a ring oscillator. The circuits are fabricated in
0.18 um CMOS process. Fig. 8 shows the micrograph of the
PWM clock generation and the counter blocks.

IV. MEASUREMENT RESULTS

The bandwidth of the communication is inversely propor-
tional to the quality factors of the coils. The high quality
factors of coils restrict the high data-rate communication.
Therefore, the duration of the bit ”1”, the bit ”0” and the
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Fig. 8. Micrograph of PWM clock generation (left) and counter (right) blocks
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Fig. 9. Measured waveform of PPM communication for bit ”1” (left) and bit 0" (right)

pulse should be chosen carefully not to disturb the remote
powering performance, on the other hand, to achieve reliable
communication. The remote powering is turned off to create
each pulse. If the coils have high quality factors which give
rise to a time-delay on the remote powering signal, the remote
powering should be turned off sufficiently to create a pulse
which decreases under 550 mV and activates the Schmitt
trigger. The energy loss during the pulse duration should
be supplied by a storage capacitor. The capacitor is chosen
large enough to compensate the pulse duration. Otherwise,
the supply voltage of the implanted system drops. Moreover,
the duration between two pulses should be long enough to
charge the capacitor to a sufficient level for communication.
Therefore, one bit duration (f.y.e) is chosen as 180 pus
which corresponds to data-rate of 5.55 kbit/s. The durations
for bit ”1” (1) and ”0” (f9) are chosen as 120 us and
60 wus, respectively. In addition, the ring oscillator creates
1.45 MHz reference clock signal Accordingly, 8 DFFs are used
to measure 88.3 us high-level duration. The ¢; or ¢y durations
are compared with this 88.3 us reference duration and the data
is decoded as bit ’1” or bit 0", respectively.

Fig. 9 shows the measured waveform of PPM communica-
tion for bit 1" (left) and bit ”’0” (right). The remote powering
signal with PPM encoded data (as shown in yellow) drives the
PWM clock generation block. The PPM signal is generated by
turning off the remote powering for 1 us. The output of the
clock generation block generates the PWM clock (as shown
in red). The PWM clock is used to enable or disable the
DFFs which are turned on by the active-low signal. ”Counter
Enabled” duration is measured by the counter block. If this
duration is longer than 88.3 us, the output of the counter
block (as shown in green) changes from logic 1" to logic 70"
otherwise, the counter keeps it logic state at 1. Accordingly,
t1 and tg durations are decoded as bit ”’1” (on the left) and
bit ”0” (on the right), respectively.

V. CONCLUSION

This paper presents a low-power PPM demodulator of
remotely powered implantable devices for freely moving ani-

mal. The power is transferred over magnetically-coupled coils
efficiently. However, the power transfer efficiency changes due
to the position of the animal in the living space. Accordingly,
the data needs to be transmitted to the implantable device pre-
cisely. In addition, the remote powering performance should
not be disturbed during communication. The proposed PPM
demodulator turns off the remote powering only 1% of a bit
duration during data transmission. It consumes only 22.7 yW
at 1.8 V and has 5.55 kb/s data rate. The effectiveness of the
PPM demodulator is verified by the experimental results.
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