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Abstract—This paper addresses the urgent need for advanced
health monitoring solutions tailored for next-generation smart
screening and diagnostics. We propose a novel approach utilizing
a lightweight, low-power, and cost-effective wearable patch,
designed to overcome the limitations of traditional bulky sensing
units. Our innovative design features a flexible electrode grid
with minimized wiring, integrated sensor readout electronics, and
inkjet-printed spiral coils, enabling efficient wireless charging.
The electrode grid manifests an array of sensing pads encircled
by a reference terminal, which can be selectively excited by a
constant potential. The electrode grid measures the impedance
between the sensing pad and the reference ring and generates a
current proportional to the sensing material. The sensor current
is then passed through a multichannel inverting amplifier to
generate the output signal. The printed spiral coils work in
resonant mode to couple power from an external source to the
wearable patch to power up the electronics. This work aims
to provide a practical and affordable solution for real-world
health monitoring applications, paving the way for widespread
deployment in diverse settings.

Index Terms—electrode grid, printed inductive coils, wearable
sensor.

I. INTRODUCTION

In recent years, wearable biomedical technologies have ex-
perienced exponential growth, driven by the growing demand
for real-time, continuous health monitoring, and personalized
healthcare solutions. According to recent market research, the
global wearable medical devices market is expected to reach
USD 174.48 billion by 2030, expanding at a compound annual
growth rate (CAGR) of 25.2% from 2023 to 2030 [1]. Wear-
able sensors are being increasingly deployed for monitoring
physiological parameters such as heart rate, hydration level,
glucose concentration, and skin temperature.

Despite this growth, traditional rigid sensors present chal-
lenges such as discomfort during prolonged use, mechanical
mismatch with skin, and susceptibility to motion artifacts
[2]. Flexible and stretchable electronics offer promising al-
ternatives that can conform to body surfaces, providing better
mechanical compatibility and user comfort [3].

In addition to mechanical compliance, efficient electronics
design is crucial for wearable health systems. Ultra-low-power
signal processing circuits are necessary to handle small biosen-
sor currents while minimizing energy consumption, especially
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in continuous monitoring applications [4], [5]. Inkjet printing
offers low-cost, high-quality, and high-throughput advantages
for large-scale fabrication of flexible and wearable electronics,
benefiting applications like portable health monitoring and
human-machine interaction [6]–[9]. Integrating electronics,
like amplifiers and interconnects, further enhances device
adaptability without compromising performance [10], [11].

Moreover, traditional battery-powered wearable systems of-
ten suffer from limited operational lifetimes, frequent recharg-
ing requirements, and bulky designs, limiting their suitability
for continuous health monitoring [12]. To overcome these
limitations, researchers have increasingly turned to wireless
power transfer (WPT) technologies, particularly those utilizing
resonant inductive coupling, as a promising solution [13].

Recent advances in flexible electronics have further enabled
the seamless integration of wireless power receivers directly
onto soft substrates. In particular, inkjet-printed spiral coils
tuned to resonant frequencies have demonstrated efficient
wireless charging performance while preserving the flexibility
and conformability essential for wearable applications [14],
[15]. These printed coils allow the patch to maintain mini-
mal thickness and mechanical adaptability without sacrificing
electrical performance.

In this work, a flexible wearable patch that integrates a
printed electrode grid for impedance-based biosensing, wire-
less energy harvesting coils, and signal readout circuitry, as
demonstrated in Fig. 1. Equally important to system perfor-
mance is the design of the electrode grid, which dictates the
resolution of the detection, mechanical robustness, and signal
fidelity. Traditional wired electrode designs often introduce
bulk, reduce spatial resolution, and are prone to motion arti-
facts. To address these challenges, a field-referenced electrode
structure—where a sensing pad is surrounded by a reference
ring—can be employed to enhance localized impedance sens-
ing and reduce crosstalk between adjacent electrodes [16]–
[18]. This architectural approach focuses the electric field lines
onto the sensing pads, improving sensitivity and selectivity
even under dynamic conditions.

The organization of the rest of the paper is as follows.
Section II discusses the overall device architecture and its
working principle. Section III presents the design and fab-
rication process of the electrode grid and printed spiral coils,
followed by experimental analysis and characterization in



Section IV. Finally, Section V draws the conclusion and
highlights future directions.

Fig. 1. Block diagram of the designed system.

II. SYSTEM OVERVIEW

The proposed system manifests a flexible electrode grid for
impedance monitoring, read-out electronics for multichannel
sensor signal processing, and a printed spiral coil-based wire-
less powering of the read-out electronics. A short description
of each of the functional blocks is provided as follows.

A. Electrode Grid

The electrode structure consists of a central sensing disc
surrounded by a concentric reference ring, with a dielectric
layer in between to provide electrical isolation, as shown in
Fig. 2. By applying a reference voltage to the surrounding ring,
the electric field originating from a biosignal source becomes
focused toward the center-sensing electrode. The electrode
grid forms the primary biosignal interface. The referenced
field structure improves spatial resolution by concentrating the
bioelectric field lines toward the sensing pad and protecting it
from neighboring interference [16].

Fig. 2. (a) Cross-sectional view of a concentric electrode structure consisting
of a central sensing electrode surrounded by a reference electrode, electrically
isolated via a dielectric layer; (b) Topology of a 4×4 electrode array layout.

B. Sensor Readout Electronics

The sensor readout electronics are designed to capture and
amplify weak bioelectric signals generated at each sensing
electrode. It comprises a multichannel inverting amplifier. A

multichannel inverting amplifier is a signal processing archi-
tecture used to amplify multiple weak input signals indepen-
dently using inverting operational amplifiers (op-amps). This
is especially useful for bioelectrical signal acquisition, where
multiple electrodes capture voltages at different locations in
the body.

Inverting Amplifier Principle

In an inverting amplifier, the input signal is fed through a
resistor Rin to the inverting terminal of the op-amp, while the
non-inverting terminal is connected to a common reference
voltage (e.g., ground or mid-supply voltage).

The output voltage is given by:

Vout = −
(
Rf

Rin

)
Vin (1)

where:

• Vin is the voltage from an individual electrode
• Rin is the input resistor
• Rf is the feedback resistor

C. Wireless Charging Link

Traditional wearable devices often depend on batteries
or wired connections, which introduce limitations such as
increased weight, frequent maintenance, and restricted user
mobility. Wireless power transfer offers a more elegant so-
lution by eliminating physical connectors while maintaining
continuous operation [19]–[21].

Among wireless methods, resonant inductive coupling
stands out for its ability to efficiently transmit power over
small distances without direct contact. This approach pairs
transmitter and receiver coils with carefully matched capac-
itors, forming a resonant LC network that maximizes energy
transfer through synchronized magnetic field oscillations. The
system operates on the basis of coupled-mode theory, where
the Tx and Rx coils form a resonant circuit when:

ω0 =
1√
LsCs

=
1√
LdCd

(2)

where Ls, Cs and Ld, Cd are the inductance/capacitance of
the source coils (Tx) and the device coils (Rx), respectively,
and ω0 is the angular resonant frequency. The efficiency of the
system is further enhanced by incorporating a passive repeater
coil, which extends the effective charging range by improving
magnetic flux coupling as shown in Fig. 3.

Unlike rigid battery-based solutions, this wireless link inte-
grates seamlessly into flexible wearable designs, allowing for
slim, unobtrusive form factors. The wearable patch integrates
inkjet-printed spiral coils to enable efficient wireless charging,
eliminating the need for rigid batteries. The coils are strate-
gically placed below the electrode grid to maintain the slim
profile of the patch.
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Fig. 3. Inductive Charging link with repeater coil which can extend the
charging range.

Fig. 4. Electrode grid structure: (a) Printed impedance sensing network
on flexible Kapton substrate. Various layouts with interleaved sensing and
reference electrodes designed for impedance and bio-signal acquisition (b)
Experimental test setup of the electrode grid using ribbon cable and connector
for external interface.

III. DESIGN AND FABRICATION

The electrode grid was designed using a PCB design soft-
ware and fabricated on a flexible polyimide film.

The planar spiral coil was designed in CAD software and
fabricated on a flexible PET film using silver nanoparticle-
based ink with the Voltera V-One PCB printer. The coil design
is shown in Fig. 5. The design, featuring 25 turns with a
0.5 mm trace width and 0.5 mm spacing, was optimized to
function as an LC resonator for resonant inductive coupling.

Fig. 5. (a) CAD design of the planar spiral coil showing geometry (b) Fab-
ricated flexible coil with silver nanoparticle ink traces on polymer substrate.

IV. EXPERIMENTAL AND SIMULATION RESULTS

A. Characterization of the Electrode Grid

The electrode was characterized using a Source-Measure-
Unit (SMU). A precise voltage (21.0 V) was applied across
the device under test (DUT), while the resulting current and
impedance were measured with high sensitivity (in the sub-
microampere range). The DUT—a flexible printed electrode
array on a polyimide substrate—is connected to the Source
Meter via standard banana-to-alligator clip leads through a
ribbon connector and electroode sensitivity with the force of
contact was measured.

TABLE I
MEASURED IMPEDANCE VARIATIONS UNDER DIFFERENT CONTACT

CONDITIONS (VOLTAGE SOURCE: +21.0 V)

Contact Condition Impedance (MΩ) Measured Current (µA)
Firm contact 9–10 0.019–0.028
Medium contact 10–30 0.010–0.015
Light contact 50–200 0.010–0.050
No contact 250 0.001

B. Multichannel Inverting Amplifier Simulation

The resistance change of the sensor is processed through a
multichannel inverting amplifier-based sensor readout system.

Fig. 6 shows the schematic of a multichannel inverting
amplifier, where non-overlapping pulsed sources of 250 mV
excitation signals are used to simulate the effect of different
channels. Each channel represents different resistance values
of the sensors centered around the nominal 250 MΩ. A
250 MΩ feedback resistor (R3) sets the gain, while a 2.5 V
DC reference (V3) is applied to the non-inverting input. The
circuit operates with a single supply (Vdd = +5 V and Vss =
0 V). The multichannel amplifier operates on a time-division
multiplexing (TDM) scheme using non-overlapping excitation
pulses. Although simultaneous readout is not achieved, this ar-
chitecture enables channel-wise sequential measurement with
minimal hardware complexity

The output voltage of the circuit can be expressed as:

Vout = V3 −R3

(
V2

R1
+

V10

R4
+

V11

R5
+

V12

R6

)
(3)

where R3 is the feedback resistor, V3 is the reference
voltage, V1, V10, V11, and V12 are the input voltages, and
R1, R4, R5, and R6 are the respective input resistors. A
transient simulation of the multichannel amplifier shown in
Fig. 7 indicates different channel outputs corresponding to the
individual channel gain with the respective channel selector
signal.

C. Simulation of the Spiral Coil-Based Wireless Link

The fabricated spiral coils underwent comprehensive elec-
trical characterization using a high-precision LCR meter ca-
pable of frequency sweeps from 10 Hz to 10 MHz. Through
systematic frequency-domain analysis, we identified the opti-
mal operating parameters—including series inductance (Ls),



Fig. 6. Schematic of a multichannel inverting amplifier.

Fig. 7. Output response from the multichannel inverting amplifier.

series resistance (Rs), and quality factor (Q)—which are
critical for efficient resonant power transfer. The printed coils
demonstrated peak performance in the low-frequency range,
exhibiting an inductance of 27 µH with a quality factor of 30
at 100 kHz frequency of operation.

These parameters informed the design of an LC resonant
network, which was modeled and simulated using LTSpice
circuit analysis software. The simulation results confirmed a
stable DC output at the load side, validating the power transfer
capability of the system. Fig. 8 presents both the complete
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Fig. 8. Schematic of the inductive charging link.
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Fig. 9. Input signal from the voltage source and output signal taken from the
load (R1).

circuit schematic and Fig. 9 presents the corresponding sim-
ulation waveforms, demonstrating the proper resonance at the
target frequency. A 10V supply voltage applied to the primary
side successfully delivers 5V to the load and the total power
received is 2.5 mW, demonstrating the efficacy of the printed
spiral coils as an efficient wireless charging link.

V. CONCLUSION

This work presented a flexible and integrated wearable
sensing patch that combines a concentric electrode array,
multichannel readout electronics, and inkjet-printed spiral coils
for wireless power transfer. The system was designed for
impedance-based biosignal acquisition, and preliminary elec-
trical characterization confirmed the functionality of both the
electrode interface and the amplifier stages. The electrode data
suggest that moderate contact provides an optimal balance
between user comfort and reliable electrical performance.
However, this study is currently limited to benchtop electrical
validation. Future work will focus on acquiring and analyzing
real biosignals (e.g., ECG or EMG) using the electrode array.
Additionally, integration with a microcontroller and wireless
data transmission module will be explored to complete the
system for real-time monitoring.
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