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A disposable and sustainable smart test strip

for body fluids
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Abstract

This work presents a sustainable smart test strip for rapid, multi-analyte body-fluid analysis, combining printed electronics with a
custom ultra-low-power ASIC. The disposable platform integrates three biochemical sensors, a printed temperature sensor, wire-
less NFC communication, and battery-free energy storage using scalable manufacturing processes. The demonstrator enables fast
quantitative sensing and wireless readout, illustrating CSEM'’s capability to deliver compact, low-impact diagnostic technologies

designed for real-world deployment.

Background & motivation

Despite being critical to medical diagnostics (as well as food
pathogen monitoring, disease detection, and water quality control),
timely quantitative analysis of biochemical analytes remains
challenging. Existing fluid analysis technologies are often costly
and bulky, limiting their suitability for rapid point-of-measurement
use. Samples frequently require off-site laboratory analysis,
resulting in delays of hours to days. While point-of-measurement
devices do exist, they are typically restricted to single-analyte
sensing and rely on expensive, dedicated handheld readers. To
address these limitations, a portable device enabling quantitative
electrochemical sensing of multiple analytes was proposed.
Given the expected production volumes and growing electronic
waste, it is also essential that such systems be designed with
sustainability as a core requirement, both in terms of energy
efficiency and physical implementation.

Now in its third year, this work builds on previous milestones.
In 2023, the foundational building blocks of the ASIC were
demonstrated in physical form. In 2024, these were consolidated
into a prototype ASIC, alongside integration of key components
into a printed glucose test strip using a commercial chip as a
proxy. The 2025 iteration represents the culmination of these
efforts, integrating scalable printed electronics and manufacturing
technologies with a dedicated CSEM-designed integrated circuit
at the core of the system.

Technical approach

The technical implementation of this project was elaborated
through two parallel efforts: the first being the custom ASIC,
and the second focused on the demonstrator device and its
subcomponents.

Key to the success of this device would be the development of a
dedicated ASIC that could incorporate all necessary functions of
the system (an analog front end for biasing of and data collection
from biosensors, energy harvesting capabilities for device power, a
communications block, and everything that this entails). Towards
sustainable design, this ASIC was developed for ultra-low-power
operation — reducing the need for large external power supplies
or batteries to a minimum. The design features three independent
sensing channels to enable multisensing, each configurable to
support ChronoAmperometry (CA), Cyclic Voltammetry (CV), or
Open Circuit Potentiometry (OCP) measurements.

On a separate axis, the device itself was manufactured in such a
way as to meet performance requirements in a highly sustainable
manner. Careful device design reduced the environmental footprint
of the device (e.g. reducing the quantity of external components,
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optimizing the physical footprint to the minimum viable size).
Manufacturing was done by utilizing printed electronics
technologies that produce minimal materials waste.

As an extension of previous work, several new technologies were
developed. The device was expanded from a single biochemical
sensor to three sensors, and a temperature sensor was developed
and integrated into the strip for precision measurements. A
high precision screen-printed fanout was defined to match
the footprint of the custom ASIC, and novel chip attachment
methods were investigated and refined. Finally, due to the power
needed for four measurements (3 analytes and temperature), an
eco-friendly supercapacitor was developed to enable wireless
device operation!’. A schematic of the designed device is shown
in Figure 1.
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Figure 1: Schematic of the demonstrator device developed in the
SUMON project.
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Results & discussion

Following the development from prior years, the ASIC was
developed, simulated, and manufactured on 22nm CMOS
technology. With a total area of 1x4 mm?, the ASIC functionality
for all key blocks is present, including digital, analog, power, and
communications. An image of the finalized device is depicted
in Figure 2.

Figure 2: Photograph image of the custom ASIC device developed by
CSEM.

The final smart test strip (Figure 3) was manufactured using
industrially scalable processes including screen and inkjet printing,
drop casting, and pick-and-place assembly. All subcomponents
were validated individually and in the fully assembled test strip,
demonstrating the integration of sustainable sensing, wireless
readout, and energy storage within a compact, disposable platform
for body-fluid analysis.

Figure 3: Photograph of the smart test strip developed in this effort.

The printed temperature sensor operated reliably over 20-40 °C,
supporting both direct measurement and biosensor signal
compensation. Three biosensors (pH, potassium, and glucose)
were integrated on the same strip and showed clear, analyte-
dependent responses across their respective detection ranges,
with measurement times below one minute each.

A screen-printed copper NFC coil enabled stable wireless
communication with standard NFC readers. The flip-chip
attachment process achieved high reproducibility with
contact resistances <3 Q, demonstrating reliable electrical
interconnection suitable for scalable manufacturing. A printed
10 mF supercapacitor provided sufficient energy to support the
complete sensing and NFC readout sequence, enabling battery-
free operation aligned with the project’s sustainability goals.
Finally, alternative design variants were developed in which the
sensor head is detachable and disposable, enabling partial re-use
of the electronics for repeated measurements.

Conclusion & next steps

Over three years of development, the SUMON project has
successfully demonstrated a fully integrated smart test strip
combining a custom ultra-low-power ASIC with sustainable
printed electronics technologies. The final demonstrator validates
multi-analyte biochemical sensing, temperature measurement,
wireless NFC communication, reliable chip integration, and
battery-free operation using a printed supercapacitor, all realized
through scalable manufacturing methods. Beyond technical
performance, the work highlights concrete pathways toward
reducing material use, simplifying assembly, and improving
sustainability for disposable diagnostic devices. Design variants
enabling partial re-use of electronics further illustrate the flexibility
of the proposed architecture. Together, these results establish
a strong foundation for future translation toward higher-volume
manufacturing and application-specific adaptation in point-of-
measurement diagnostics and related sensing domains.
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