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ABSTRACT Wireless intra-body communication is a promising approach for providing efficient and secure
connectivity for medical implants. The low power consumption of the electronics and the conductivity of
the biological tissues facilitate the system implementation, which makes the technique more power-efficient
than the traditional radio frequency wireless systems. The galvanic intra-body communication uses the
electrical current for signal transmission in the conductive medium of the biological tissues. In this paper,
we propose an ultra-low-power communication approach by implementing a galvanic impulse method
for communication between an implant and an on-body device. The communication system is designed,
manufactured with off-the-shelf electronic components, and measured in the phantom and in-vivo animal
experiment. The implant power consumption is 45µW for the data rate of 64 kbps with a bit error percentage
below 0.5% for the implant depth of 14 cm. The design supports long-lasting battery-powered implant
sensory and communication system.

INDEX TERMS Galvanic coupling, intra-body communication, biomedical implants, biomedical electron-
ics, ultra-wideband.

I. INTRODUCTION
Wireless health-care monitoring is an emerging technology
that overcomes the limitations of conventional clinical meth-
ods. The main advantage is long term and continuous mon-
itoring of the patients with the possibility of data mining
for applying machine learning methods for improved med-
ical advice for a higher quality of life. Implantable devices
play a crucial rule in the technology development that can
have sensors with the possibility of collecting internal body
information for an organ-specific diagnostic purpose. Data
communication plays a key role in system development,
where wireless connectivity between an implant and the
external body is a requirement. Implementing wireless com-
munication technology for long-lasting medical implants is
vital, because of significant limitations imposed by using
a wire-based system, in which the wire is the source of
infections and has limitations by passing through the bio-
logical organs. Still, there are several technical challenges in
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developing reliable and ultra-low-power wireless implantable
devices, especially for the deep implants in which it would be
difficult to change the implant energy sources like the battery.
Using conventional radio frequency (RF) for implant wireless
communication is not power-efficient. This can significantly
influence the life span of a wireless implant. The main reason
for the high-power requirement for an RF system is the power
hungry local oscillators and accurate clock production and
recovery system that lead to complex and high power demand
design. This is in addition to the significant attenuation of
the RF signal by transmission through the body tissues. Also,
the small available size for the RF antenna reduces the radi-
ation efficiency of the antenna, and the antenna integration
with the implant casing is usually problematic, especially for
the implants with metal casing. The main advantage of using
RF is the high available bandwidth that can support a high
data rate, whilemost implant sensors require low data rate [1],
except in some visual inspections in which a high data rate
sensor is involved such as video capsule endoscopy [2] or
neural implants for recording brain signals. As an exam-
ple, electrocardiogram (ECG) requires about 72 kbps for
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a sampling frequency of 500 Hz, resolution 12 bit, and
12 recording channels [3].

Table 1 summarizes several states of the art communication
technologies used for implants. An implantable transceiver
operating at 396 - 447MHz has been proposed in [4], inwhich
a loop antenna is used for the transmission, the power
consumption for a data rate of 25 kbps is 2.2 mW using
OOK modulation for implant depth of 8 cm. Ultra-wideband
(UWB) signaling in GHz band is considered as a low power
approach because the active duty cycle in comparison to the
bit duration is very low. This leads to having total power
consumption less than the narrow band RF links [5]. In [6]
a full-duplex UWB transceiver is proposed for the neural
interface in which an impulse radio (IR) UWB link has been
used to support the in-body to on-body communication. The
total power consumption for a data rate of 500 Mbps with
OOK modulation is 5.1 mW. It should be noticed that the
proposed system is applied for the subcutaneous implants.
To support deep implant communication using UWB at GHz
frequencies, the transmitter power should be increased dra-
matically because of the high signal attenuation in biological
tissues in GHz band. In [7], an inductive coupling based
transceiver for neural implants has been proposed. The final
on-chip prototype has been tested on an animal skull and
has achieved a 200 Mb/s data rate for the implant depth
of 11.8 mm with 300 µW total power consumption.

TABLE 1. Performance comparison of different implants communication.

Capacitive coupling, galvanic coupling, and magnetic cou-
pling are the recent approaches to overcome the power con-
sumption limitations associated using RF and UWB [8].
In capacitive coupling, the signal propagates through the body
by using an electric field induced by a pair of electrodes
to the body. As a realized transceiver, in [9], a capacitive
coupling based link has been proposed for both power and
data delivery. The data rate of 170 kbps has been achieved at
a maximum distance of 10 mm by using the delivered power
of 12 mW to the load. The exact power consumption value for
the data link is not available in [9]. The advantage of power
delivery by using capacitive coupling over inductive coupling
is its less sensitivity to tissue contact and carrier frequency
variation due to its high pass nature.

In magnetic coupling, the approach is similar to the induc-
tive couplingmethod in which the producedmagnetic field by

a coil passes through the body and can be received by another
coil. The main advantage of this method is lower path loss in
comparison to the other methods, and this is due to the fact
that the body tissues are lossless for the magnetic field [10].

In galvanic coupling, a weak electric current is injected into
the tissue, and by modulating this electric current, the desired
signal is transmitted toward another implant [11]. In [12],
an IBC transmitter based on galvanic coupling for digital cap-
sule endoscopy has been proposed. The final prototype has
6 Mbps data rate with overall power consumption of 3.7 mW
in the link distance of 11 cm.

In Table 1 overall performance of the reviewed methods
has been compared in terms of power consumption, data
rate, frequency band, and implant depth. Regarding the com-
parison between the methods and current state of the art
works and comprehensive study on intra-body communica-
tions [13], the galvanic coupling is a promising method of
communication for deep implants because of the following
reasons:
• Low path loss: due to the conductive nature of the body
tissues applying an electric current signal is preferable
to the electric field for communication.

• Less complexity in circuits: due to the good performance
of galvanic communication in sub MHz frequencies,
the circuit design is simpler because there is no need to
have complex blocks like accurate clock generators and
synchronizer.

• Low power consumption: due to the low path loss and
low-frequency operation of the galvanic links, the over-
all power consumption is potentially less than the other
methods.

By considering these facts, a low power galvanic impulse
link is proposed for intra-body communication. The main
contribution of the paper is the novel impulse generator cir-
cuit which is more power-efficient than conventional impulse
generators. The rest of the paper is organized as follows:
In Section II the electromagnetic simulation scenarios are
defined, in Section III the transmitter electronic circuit is
presented in detail, in Section IV the receiver system and
setup for data demodulation and detection are discussed,
in Section V the phantom and in-vivo animal experiments
are conducted, and the measurement results are presented.
Section VI concludes the paper.

II. NUMERICAL ELECTRODES SIMULATIONS
In galvanic coupling, the signal transmission is based on
electrical current flow in the medium. So the medium’s
conductivity is a key factor in galvanic coupling because
it determines the ability of the medium to allow electrical
current flow. The electrode impedance of a galvanic link can
change in a wide range because it is directly related to the
medium’s conductivity. So, simulating the electrode antennas
in the body tissues model for having an approximate value
for impedance and link loss is essential. For our work, the in-
body electrode consists of two metal plates separated with a
given distance. The electrode impedance is a complex value
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and depends on the frequency of operation, electrode geom-
etry, and the involved tissues. By having a larger electrode
size, the real part of the impedance reduces because of having
better contact with the medium.

The frequency band for electrode impedance simulation is
in the range 1-5 MHz. The bandwidth for communication is
within the range of 10 kHz to 10 MHz. The lower edge is
limited by balun used in phantom and in-vivo measurements.
The upper edge is selected based on the impulse signal spec-
trum produced at the transmitter side.

Gabriel material properties data [14] is used to character-
ize the biological environment. In Gabriel’s measurements,
the dielectric properties of the human body tissues have been
measured in a wide frequency range from 10 Hz to 20 GHz
over 20 different tissue types. The numerical computation
model is implemented to characterize the electrodes and
the communication channel using full-wave electromagnetic
simulation in CST Microwave Studio. We use both finite
element frequency domain (FEM) and finite difference time
domain (FDTD) solvers for verifying the accuracy of compu-
tations. Because of the low-frequency operation of the link,
the wavelength is much higher than the tissue size, so no need
to consider the radiation parameter for the boundary. So we
considered an open boundary with an air gap of 1 cm around
the simulationmodel. In Fig. 1, the simulation scenarios in the
homogeneous muscle tissue have been depicted. The location
of the on-body antenna is fixed, but the transmitter implant
location varies for observing the link gain (path-loss) for
different distances, orientations, and sizes.

FIGURE 1. Transmitter capsule inside the homogeneous muscle tissue.
Receiver patch antenna with two square shape electrodes
(20 mm×20 mm), and separation (120 mm) in contact
with the multilayer (skin-fat-muscle) model.

The capsule is simulated as an air-filled cylinder with two
metal electrodes of diameter= 7mm and thickness= 0.1 mm
with the capsule length of 40 mm (Fig. 2-a). The electrodes
are in direct contact with the biological tissues. Since the
electric current diminishes significantly with distance to the

FIGURE 2. a) The capsule electrodes geometry for the simulation inside
homogeneous tissue model, L = 40 mm, electrode diameter 7 mm,
thickness = 0.1 mm b) real and imaginary part of the electrodes
impedance inside the muscle tissue versus frequency are depicted.

capsule, the selected tissue size is enough to simulate the
capsule impedance and coupling link parameters. Adding the
tissue size increase the simulation time and memory, and
slight changes in the simulation parameters can be observed.
In Fig. 2-b, the capsule impedance inside the medium is
depicted.

The on-body antenna considered as two square patches
with 20 mm × 20 mm size and 120 mm distance between
the electrodes (Fig. 3-a). The impedance of the on-body
antenna is shown in Fig. 3-b. The resistive part of the on-body
antenna impedance is almost half of the capsule electrodes.

FIGURE 3. a) On-body antenna simulation model which is considered as
two conductive patches, patch sizes (20 mm× 20 mm), separation
distance 120 mm, b) real and imaginary part of the impedance for
on-body patch antenna in the frequency range of 1 MHz to 5 MHz.
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The main reason is the higher contact area of the on-body
patch antenna with the biological tissue than the capsule
electrodes. By increasing the contact area, the resistance of
the electrodes will reduce gradually. Here, the impedance is
about 50�, which is a good solution for operating with stan-
dard source impedance if applied. It must be mentioned that
based on the simulation, mutual impedance of the antennas
has negligible effect on the self-impedance of both implant
and on-body antennas.

The channel gain simulation versus link distance is
depicted in Fig. 4, in which the channel gain is defined
as 20log10(VpeakRX/VpeakTX ). Figure 4-a shows the chan-
nel gain in a homogeneous muscle medium versus distance
between implant and on-body antenna. As shown in Fig.4-
a, by increasing the separation distance between the implant
and on-body receiver (d > 20mm), the path loss increases
with a linear rate (2 dB/cm), and for larger distances the
reduction rate is reduced to about (1 dB/cm). For considering
the multilayer tissue effect, skin and fat layers are added
in the channel modelling. The addition of a skin layer of
thickness 5 mm, has very small influence in the channel gain;
by including a fat layer under the skin, the coupling reduces
significantly. Figure 4-b shows the channel gain at a nominal
depth of 100 mm versus the fat thickness below the skin
(see Fig. 1). As shown, by adding the fat layer a sharp drop
in the channel gain is observed, and then the gain reduction
with the addition of fat thickness becomes marginal.

In conclusion, because of the electrical current based
nature of the galvanic coupling, the best path from transmitter
to the receiver is not necessarily the geometrical shortest path,
especially for the heterogeneous tissues in which multiple
tissue properties may be involved. In fact, the current path
finds the lowest resistance path to the receiver. In other words,
the applied voltage to the transmitter electrodes produce a
current in the medium, and this current tends to flow from a
path with the lowest electric resistance mostly. So, depending
on the location of the transmitter and receiver electrodes,
the path loss and also the impedance of the medium can vary.
The effect of electrode rotation and capsule length on the
path loss inside muscle tissue is depicted in Fig. 5. The dis-
tance between the transmitter capsule and receiver is fixed at
100 mm (see Fig. 1 for rotation definition and antenna place-
ment). According to the results, the capsule rotation in the
worst case can increase the path loss to -110 dB in 90-degree
rotation from the reference angle. Also, the capsule length
has a direct impact on channel gain as it could be anticipated
because by increasing the capsule length, the electric current
lines between the electrodes will have a longer path so that
they can penetrate larger distance. Figure 5-c shows the effect
of displacement relative to the on-body antenna in lateral
and longitude, z- and x-, directions on the channel gain.
As shown, in the lateral displacement the gain variation is
less than the longitude displacement due to the nature of the
placement of the on-body electrodes. Figure 6 shows the sim-
ulated electric field intensity for the capsule and the on-body
antenna at 3 MHz frequency in the muscle tissue. According

FIGURE 4. a) Channel gain versus distance for capsule (length 40mm,
electrode diameter 7mm), in parallel with the on-body electrode receiver
(patch sizes 20mm×20mm, separation 120mm), without lateral and
longitude displacement in the muscle model b) Channel gain at a depth
of 100 mm for skin thickness 5 mm, and variable fat thickness.

FIGURE 5. a) Effect of the capsule rotation on channel gain and, b) effect
of the capsule electrodes length with fixed capsule angle (α = 0) on the
channel gain at 10 cm depth, c) channel gain inside homogeneous muscle
tissue, versus lateral (z-direction) and longitude (x-direction)
displacements within the depth of 10 cm. See Fig. 1 for capsule and
on-body antenna positions.

to the electric field distribution around the on-body antenna,
by having larger electrode separation, the coverage area will
be increased, but the coverage underneath of the central feed
point will be reduced. A compromise between the coverage
area, gain, and depth should be considered.

III. TRANSMITTER SETUP AND ELECTRONICS
To realize a galvanic coupling based deep implant commu-
nication the operating frequency for best performance in
terms of path loss regarding the different electrodes size and
distance is from around 10s of kHz to 30 MHz [8], [15], [16].
Another advantage of using rather low operating frequency
is its lower power consumption and less complex circuits
for signal generation. Also due to the very long wavelength
in this frequency range, the radiation of the signal in the
environment is very low which makes it difficult to sniff
the signal from distance, so it is more secure than RF sig-
nals which naturally have sensible radiation because of their
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FIGURE 6. Electric field intensity in the cut plane of antennas in the
muscle tissue by applying an electric voltage difference between the
electrodes at 3 MHz frequency, a) on-body patch excitation b) implant
electrode excitation.

shorter wavelength [17]. The designed data rate for the link
is 64 kbps. Also, in order to make the transmitter more power
efficient, we have used baseband impulse technique for the
transmitter signal generation; therefore, as fast electronics are
not required, which can save the system power consumption.
By using the impulse shape for the signal, we have a very
short active duty cycle around 20 ns for 3 dB amplitude
reduction. In comparison to the bit duration of 15.6 µs
(for 64 kbps data rate), the power consumption reduces
by a factor of 780 compared to a continuous transmission
method with the same signal amplitude (PCont./PImpulse =
15.6 µs/20ns = 780). It must be mentioned that we achieve
this power reduction for the price of having higher band-
width [18]; however, the on-body receiver system has fewer
limitations with power that can compensate for the system
performance degradation due to increased bandwidth. Also,
due to the low frequency operation of the link, we have not
used carrier frequency for the signal, which makes it more
power-efficient. Figure 7 shows the block diagram of the
transmitter.

FIGURE 7. Transmitter block diagram and schematic. The capsule
electrodes considered as resistive load for the transmitter circuit.

For impulse signal generation, we use two high-speed
switches [19] that connect a charged 330 pF capacitor to the
channel. For controlling the pulse duration, we can change the
value of the capacitor C1. The resistor R1 is for controlling
the charge time constant of the capacitor C1. The capaci-
tor C2 is for removing DC component of the generated signal.
The advantage of using the mentioned method for impulse
signal generation is its higher power conversion efficiency

from power supply to injected energy in the channel. The
power consumption of the high-speed switch is in the order
of 0.1 µA for 3 V power supply [19]. The popular method
for producing impulse signal is by using digital AND gates,
in which one of the inputs is connected to the data source,
and another branch is connected with a delayed version of
data by digital buffer gates [20]. By using the number of
buffer gates, we can control the delay value and pulse width.
By changing the number of buffer gates for the desired delay,
the efficiency of the circuit reduces due to the power con-
sumption of the gates. Also in narrowband transmitters which
are mainly based on local oscillator blocks, the oscillators
usually have the efficiency of less than 50 percent, and for the
output stability, there is usually a buffer amplifier needed to
isolate the oscillator output from next stages to make it more
stable in terms of frequency and amplitude fluctuations which
in general decreases the power efficiency [21]. However,
in the proposed method, the pulse duration can be changed
by changing the capacitor value. Also, the stored energy in
the capacitor is discharged in the environment without any
extra loss, which could have power coupling efficiency close
to 100 percent depending on the capacitor quality factor.

In Fig. 8 the time domain waveform and frequency spec-
trum of the produced pulse are shown. As can be seen,
the pulse duration is in order of 20 ns, that is much smaller
than a bit duration for 64 Kbps. We note that 20 ns pulse
duration depends on the discharge time of the capacitor,
and the discharge time constant depends on the electrode
impedance, which is directly related to the type of the body
tissue. So, for the tissues with less conductivity, we will have
larger impedance for the capsule and then higher discharge
time and higher bit duration. Therefore, for having a specific
value for the bit duration, the capsule electrodes should be
designed in a way that the impedance meets the required
value for discharge time constant. For this aim, we considered
the capsule electrode size and capacitors values to have the
real impedance value to meet the required pulse duration.
The second capacitor, which is in series with the electrode is
for having a negative peak signal for the ’’0’’ bit transmission.
In Fig. 9 the final prototype of the transmitter capsule is
depicted.

IV. RECEIVER STRUCTURE AND PERFORMANCE
On the receiver side, a balun has been used for isolating the
antenna from the receiver setup and rejecting the common
mode interference signal [22], then a low-pass filter is applied
to reject the out of band interference signals. The overall
effect appears as a bandpass filter. Figure 10 shows the block
diagram of the receiver. For the detection and data processing
purpose, the received signal is sampled using a digital sam-
pling oscilloscope (HMO2024), the recorded signal is used in
off-line processing by GNURadio platform for data detection
and bit error rate (BER) calculations. A threshold-based data
detection is used for data decoding with a positive threshold
for bit ‘‘1’’ and a negative threshold for bit ‘‘0’’. For having a
reliable threshold value for different link distances, a digital
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FIGURE 8. (a) Time domain signal of the transmitter on 50 � resistive
load, (b) single pulse shape measured on the 50 � load, and (c) frequency
spectrum of transmitter output with 50 � load. The 3dB bandwidth of the
signal is 10 MHz.

FIGURE 9. Transmitter circuit enclosed in a 3D-printed capsule shell. The
electrodes are placed at two ends of the capsule shell.

FIGURE 10. Receiver block diagram.

variable gain amplifier (VGA) is used before applying the
thresholder.

The simulation for the BER has been done by using GNU-
Radio platform. For this aim, the transmitter output signal for
‘‘0’’ and ‘‘1’’ is sampled and recorded. Then in the GNURa-
dio platform, the recorded file is used to model the transmitter
output. For simulating the channel, we assume additive white
Gaussian noise (AWGN) channel in which is a valid assump-
tion for the galvanic coupling in the given operating fre-
quency [23]. Besides, we assume that the channel is stationary

during the signal transmission [23]. By adding the produced
noise to the received signal, we simulate the real link, and then
by applying the threshold detection method to the noisy sig-
nal, we obtain BER for different signal to noise (SNR) values.
The bit stress pattern for the BER simulation is alternating
‘‘0’’ and ‘‘1’’ and the observation window size is 30 Mb. The
BER simulation procedure is shown in Fig. 11-a and the BER
simulation result is shown in Fig. 11-b.

FIGURE 11. (a) Block diagram of the BER simulation, (b) simulated BER in
AWGN channel for different SNR values. The simulation was conducted in
GNURadio platform.

V. MEASUREMENT SETUP AND RESULTS
For testing the proposed design, a liquid phantom is prepared
in a way that simulates the homogeneous muscle tissue used
in the simulation. In Fig. 12-a the block diagram of the mea-
surement setup, and in Fig. 12-b the laboratory setup for the
liquid phantom is depicted. The liquid phantom is prepared
using aqua based saline solution in which the sea salt (NaCl)
volume concentration of 0.14% can provide similar material
properties to the muscle data from Gabriel model [14] at
3 MHz with 10% material property variation in the wide
frequency range of 1-5 MHz. Also, an animal experiment
(in-vivo test) has been done to evaluate the link performance
in inhomogeneous (multilayer) area. The in-vivo experiment
was done at the Intervention Centre of Oslo University Hospi-
tal, Oslo, Norway. The experiment was carried out under strict
clinical standards regarding the ethical and humane treatment
of animals, and the animal was under a general anesthetic
during the trial.

In Fig. 13, the block diagram and photograph of the in-vivo
test and clinical environment are shown. The on-body patch
antenna is the same as the simulated antenna in Section II
Fig. 3-a. The transmitter capsule was placed in the abdominal
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FIGURE 12. a) Block diagram of the phantom setup for in-body to
on-body communication, b) phantom measurement in the lab
environment. The transmitter capsule is connected to a holder for
accurate link distance measurement and the on-body antenna is fixed in
a way that it has direct contact with the liquid phantom.

FIGURE 13. a) System block diagram used in the in-vivo setup, b) on-body
patch antenna placed on top of the abdominal area. c) The animal
experiment setup. Transmitter capsule is attached to a holder and placed
in the abdominal area. After placing the transmitter capsule, the cut was
firmly closed so that the transmitter implant was in a realistic situation.

area of the swine. We selected the abdominal area because
of its simplicity of surgery. During the animal experiment,
it is needed to open the cut and check the capsule’s position

and distance several times. For opening and closing the cut
easily abdominal area was the best option. Other places like
the chest have difficulty of surgery as it is needed to cut
the ribs. Also, there is a lot of uncertainty in the distance
and the communication channel itself when the implant is
under the chest because of the lungs and breathing. For
controlling the implant depth and alignment, the capsule
was attached to a holder for controlling the capsule direc-
tion and distance from the on-body antenna. The on-body
antenna was placed on the skin. We first tested dry contact
between the on-body antenna and swine skin; the signal
was close to the noise level. After applying the conductive
saline gel to the antenna contact surface, the received signal
improved by 12 dB. So the antenna contact quality needs
to be considered as an important factor in the receiver side.
For removing the common mode noise in the test, which is
the main interference signals in low-frequency links, a balun
(FTB-1-6+) has been used at the receiver part. The 3 dB
cut-off frequency of the balun is 0.01 MHz and 125 MHz.
In Fig. 14, the effect of using balun on a single pulse and
received signal have been shown. It can be seen that without
using balun, the interference level at the receiver is much
higher than by using a balun. Also, in order to see the
influence of the parasitic paths due to the metallic trolley
under the balun in the in-vivo experiment (see Fig. 13-c),
we repeated the phantom measurement with a metallic plate
under the balun to mimic the in-vivo situation, and the chan-
nel gain in both phantom scenarios had less than 0.5 dB
difference. Figure 15 shows the measured channel gain for
the liquid phantom (homogeneous model), homogeneous
simulation model (muscle), multi-layer simulation model

FIGURE 14. (a) Received signal without using balun when the transmitter
is directly connected to the receiver with 50 � load, (b) effect of using
balun on a single pulse at the receiver, (c) receiver without balun with
7 cm link distance. Low frequency interferences are picked up by the
receiver without using the balun and reduce the signal to noise ratio,
which leads to worse receiver performance, d) receiver with the balun.
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FIGURE 15. Channel gain versus capsule depth for in-vivo measurement
and comparison with homogeneous and multilayer tissue simulation and
liquid phantom measurement.

FIGURE 16. Measured BER results for in-vivo and phantom experiments
for different depth values.

(skin= 5mm, fat= 5mm, muscle), and in-vivo measurement.
For in-vivo measurement, the balun insertion loss and saline
gel effect are taken into account. As shown, the results for
in-vivo measurement and multilayer simulation are in close
agreement. The phantommeasurements are close to homoge-
neous simulation. The in-vivo measurement has about 10 dB
higher loss than phantom measurement. This higher loss
is due to the presence of fat and skin in the in-vivo test,
especially for the fat, because the conductivity is less than
other tissue types [14] and, it contributes to having more
channel loss. In Fig. 16, the BER plot for the phantom setup
and in-vivo setup is shown. As a consequence of having
higher channel loss for multilayer environment (abdominal
area), the BER value for the in-vivo test is higher than the
homogeneous environment (phantom). Transmitted bit pat-
tern for the BER measurement is alternating ‘‘0’’ and ‘‘1’’.
The observation window for each BER point is 10 Kb.
It must be noted that the BER results are for the link without
using channel coding techniques. By using a channel coding,
the BER performance could be improved depending on the
coding algorithm, but with increased power consumption in
the system.

VI. CONCLUSION
An ultra-low-power data telemetry for biomedical deep
implants based on galvanic impulse is proposed. The trans-
mitter uses carrier-less signaling that reduces the electronics
power consumption. The total power consumption for the
implant is 45 µW for data rate of 64 kbps. Galvanic current
injection is used for inducing generated data signal to the
medium that increases the link gain and coupling efficiency.
The developed circuit was encapsulated into a small 7mm ×
40mm cylindrical plastic capsule shell. The fabricated setup
was tested inside liquid phantom as a homogeneous medium
like muscle tissue. For heterogeneous medium, the setup was
further tested inside the abdominal area of a living animal.
The bit error rate results show that the proposed link has less
than 0.5 % error for 14 cm distance in homogeneous medium
and 10 cm distance with less than 2.5 % BER for multilayer
and complex medium without channel coding techniques.
As a summary, the galvanic impulse technique is a promising
approach for intra-body communication because of its lower
power consumption, less channel attenuation, and higher cou-
pling efficiency combined with higher data security level.
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