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Abstract— Wirelessly powered neural stimulation and
recording system is crucially important for the long-term
study of the animal behaviors for the treatment of chronic
neuropathic diseases. Headstage based neural implant is one
of the popular methods to stimulate the neurons. In this work,
a homecage based wireless power transfer (WPT) system
is developed to supply power to a 3-D printed headstage
which consists of a receiver (RX) coil, a rectifier and a
light-emitting diode (LED) for optogenetic stimulation. A
multilayer transmitter (TX) coil is designed to provide power
over the 28.5 cm × 18 cm homecage area. The proposed
system is able to achieve a maximum of 41.7% efficiency
at 5 cm distance through air media using less number of
headstage resonators compared to the other state-of-the art
works.

Index Terms— Wireless power transfer (WPT), homecage,
headstage, 3-D print, power transfer efficiency.

I. INTRODUCTION

Long-term monitoring of neural signal has become
very popular for the treatment of chronic neural diseases
such as Parkinson’s and chronic neuropathic pain. Deep
brain stimulation and neuromodulation is an essential
part of these treatments [1]. Implanted wireless neural
interface and microsystems can be used to continuously
monitor neural activities of freely moving animals [2].
Conventional neural interfaces use transcutaneous wires
and external batteries to supply power to the active cir-
cuitry. However, transcutaneous wires interrupt the study
of the neural behavior of the freely moving animals [3].
Moreover, the batteries need to be replaced after a certain
period of time. Chemical leakage from the batteries and
the tethered wire connection also poses a risk of infections.
To avoid the use of wires and batteries, WPT system for
neural interfaces utilizing inductive coupling technique is
presented in recent work [4].

Headstage and homecage based WPT system has be-
come very popular in brain neuromodulation applications
such as Optogenetic and electrical stimulation. To ensure
constant field distribution all through the homecage, res-
onator coils are wrapped around the cage as shown in
Fig. 1 [5], [6]. The whole system typically consists of
a transmitter (TX), homecage resonators and a headstage
module. The headstage can be mounted on the head of
the freely moving animal i.e., mouse or rat. The TX is
designed to generate electric fields all across the homecage

to ensure the required power to be delivered to the
headstage for the neural stimulation. In [7], a headstage
module with five resonator coils is presented which make
the headstage bulky. However, the headstage needs to be
lighter to successfully analyze the behavior of the freely
moving animal.

In this paper, a 3-D printed headstage and homecage
based WPT system is designed to power the headstage
module. The novelty of this work are as follows: (1) the
headstage module is designed with reduced number of
resonators which make the headstage light-wieght, (2) a
multilayer TX coil is designed to supply power to the
whole homecage and headstage. The rest of the paper
is organized as follows: the design architecture of the
homecage based WPT system is presented in section II,
followed by the experimental results in section III. A
concluding remark is presented in section IV.

II. ARCHITECTURE OF THE HOMECAGE BASED WPT
SYSTEM

As shown in Fig. 1, the proposed home-cage based
WPT system includes three subsystems: a planar TX coil,
homecage with resonators, and the headstage. Fig. 2 shows
the electrical modeling of the proposed WPT system.
The TX coil denoted by L1 is connected to the signal
generator and CR TX represents the resonating capacitor
of the TX coil. The homecage system consists of six
copper tape based coils denoted as L2-L7. To resonate the
inductance of the coils wrapped around the homecage, the
resonating capacitors, CR HC are added. The next stage is

Fig. 1. System overview of the proposed homecage based WPT
system.
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Fig. 2. Equivalent electrical modeling of the proposed wireless power transfer system.

the headstage module which is divided into two sections:
one is the resonator and the other is the RX module. The
resonators can be modeled as an inductor-capacitor based
system where L8, and L9 denotes the two inductor coils
and CR R represents the resonating capacitance. The RX
module has three components: an RX coil represented as
L10 along with the resonating capacitor, CR RX , rectifier,
D1 and a µLED for optogenetic neuromodulation. A load
capacitor, CL is added after the rectifier to make the signal
smoother. To regulate the voltage to a constant DC voltage
the voltage regulator could be added, or a closed-loop
power regulation system can be designed.

A. TX Architecture

The TX subsystem consists of a multilayer planar TX
coil designed on a printed circuit board (PCB) with a total
dimension of 23.4 cm × 19.7 cm as shown in Fig. 3(a). The
top layer has nine identical spiral coils, each of a 36 cm2

dimension connected in series. Similarly, the second layer
has four coils in series and connected in series to the top
layer using a via connection. A resonating capacitor of 22
pF is used to resonate the TX coil at 13.56 MHz. However,
the added capacitance due to soldering and other parasitic
capacitances reduce the frequency to a lower value of 13.26
MHz. To boost the power, an RF power amplifier (PA)
(MACOM MAAM-011162) with a flat gain of 18 dB is
also intended to be added in case the distance of operation
is increased or the LED requires higher intensity during
the in-vivo measurement.

B. Homecage Resonators

For observing the behavior and the movement of mice,
a conventional homecage is used in this work with a

Fig. 3. Fabricated (a) TX coil, (b) homecage, (c) 3-D printed
headstage, and (d) RX coil.

TABLE I
COIL DIMENSIONS AND PARAMETERS.

Sub-system Coil Length, Inductance,
cm µH

TX array L1 4.37
Homecage L2, L7 96 0.89

L3, L6 93 0.86
L4, L5 95 0.88

Headstage L8, L9 23.5 0.42
RX 1

dimension of 28.5 cm × 18 cm × 13 cm as shown in
Fig. 3(b). Six single-turn coils, L2-L7 are used to wrap
around the cage to create the resonators. The resonators
are used to increase the total magnetic field and strengthen
the coupling between the TX and RX coils. The resonators
are fabricated using copper tape with a width of 25 mm,
each isolated by a layer of Kapton tape to avoid the
shorting between the overlapping coils. There are three
groups of identical resonators according to the length,
and inductance. The value of the resonators’ lengths and
inductances are listed in Table. I. All of the resonators are
designed to resonate at 13.26 MHz, similar to the TX coil.

C. Headstage Resonators and RX Architecture

The headstage is 3-D printed using the Creality Ender
3 and 1.75 mm Polylactic acid (PLA) filament. The
headstage includes two resonator coils L8, and L9, RX
module and a LED connected using 38 AWG wire. The
idea is to implant about 10 mm of the wire and the LED
inside the head of the animal making a small incision.
The headstage is strategically designed to allow L8, and
L9 to fit at their respective placements for maximum power
transfer efficiency. The resonators are made of Remington
26 AWG solenoid wires with 3 turns. The total dimension
of the headstage is to be 2.6 mm × 2.6 cm × 3.5 cm and
the weight of the headstage is measured to be 10 g. The
distance between the two resonators is set to be 1 cm and
the RX coil is placed 2 cm below the resonator, L9 as
shown in Fig. 3(c). The RX coil is a planar circular spiral
coil with 10 turns as shown in Fig. 3(d). The diameter of
the coil is 1.8 cm which can be easily attached underneath
the headstage. A resonating capacitor of 133 pF is used
to resonate the RX coil at 13.26 MHz. A schottky diode
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Fig. 4. Testbench setup showing the LED light for the homecage
and headstage based WPT system.

Fig. 5. Measured PTE for homecage WPT System.

(CUSO8F30 by Toshiba) is used as a half-wave rectifier
after the RX coil to provide the DC voltage to the LED
(OSRAM opto-semiconductors LB-QH9G, forward bias
voltage-2.6 V, current-5 mA, power-12 dBm). The µLED
is soldered at the tip of a 10 mm long wire so that the
system can be used for the stimulation at the hippocampus
part of the brain.

III. EXPERIMENTAL RESULTS

The fabricated TX coil, homecage and headstage res-
onators, and RX coil of the proposed system are validated
through measurement. The manufactured coils are indi-
vidually characterized using the Keysight E5061B Vector
Network Analyzer (VNA). All the coils are resonated at
13.26 MHz frequency using Johanson Dielectrics SMD
chip capacitors of the respective values required for each
coil. The TX coil is connected with a Keysight N5171B
EXG Analog Signal Generator which can provide a max-
imum of 19 dBm (79 mW) power. The fabricated TX
coil is placed on top of the homecage as shown in the
testbench in Fig. 4. The distance between the TX coil and
RX coil is measured to be 5 cm and at this distance, the
proposed system is able to supply 13 mW power which
is the minimum amount of power required to light up the
LED. To test the validity of transferring power all over the
cage, nine different coordinate points have been selected
inside the cage which are 5 cm far from the TX coil.

The VNA is used for measuring the insertion loss, S21

for LTX and LRX at the selected coordinates at 5 cm
distance between the TX and the RX coils which is used
to measure the PTE as shown in Fig. 5. It can be seen that
the efficiency varies with positions. With the variation of
the efficiency, the intensity of the LED also varies. It is
seen from the measurement that the LED experiences the
highest intensity at 41.7% efficiency when the transmitted
power is 19 dBm and the received power is 15 dBm.
The LED is barely turned on when the PTE is 34.1%
and received power is 14.3 dBm at different coordinates
with the same transmitted power. It is evident that if the
PTE is greater than 34.1%, the power delivered to the load
(PDL) is sufficient enough to illuminate the LED. Table
2 shows a comparison of this work with previous works.
It can be seen that this work is able to achieve a higher
PTE than other prior works while maintaining similar coil
configurations and also using a smaller RX diameter.

IV. CONCLUSION

A homecage and 3-D printed headstage based WPT
system is developed in this work and experimentally
characterized to deliver sufficient power to illuminate an
LED in the headstage. While using a headstage module
with reduced number of resonators, the PTE for the entire
system is designed to be in the range of 34- 42% range in
order to illuminate the LED for optogenetic stimulation.
A multilayer TX coil to power the headstage module also
assists in delivering power to the entire homecage while
resonators around the cage assist in distributing the power
evenly. Future modifications include optimization of each
of the resonator coils in regards to the number of turns and
separation distance on the headstage for optimal efficiency
as well as the integration of voltage regulators on the
headstage to provide constant power to the load. Additional
integration of a PA with the TX coil to assure the LED will
remain on at all coordinates and an RFID tag to eliminate
the need for the signal generator will also be implemented
in the future.
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