MEDICAL WEARABLES
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CSEM
Since its creation, CSEM has been a cornerstone of technology development and transfer for precision
microtechnologies (our DNA) and digitalization technologies. These innovative technologies are the
foundations on which smart systems are built, promising all industries new opportunities for economic
growth.
CSEM has long been renowned as one of Switzerland’s major research institutes—in the precision
manufacturing domain as well as in low-power microelectronics and microtechnology—with our innovations
being eagerly adopted by several key partners, including in the watchmaking industry.
Pushing ahead into the new digital economy, our expertise has spawned advanced technologies, analytics,
and algorithms, enabling the industrial IoT (IIoT) and strengthening manufacturing processes. In domains
as diverse as health, energy, aeronautics, space, security, agriculture, and consumer electronics, CSEM
provides its partners with the personalized tools, hardware and software they need to take them forward
into the digital age.
From precision manufacturing and renewable energies to digitalization, we provide the expertise,
technologies, processes, and services that can deliver a decisive advantage to all our industrial partners.
CSEM is committed to advancing digital technologies in the economy across a competitive and global
industrial environment. With 500+ employees, we are passionate about helping our partners achieve success
in our rapidly evolving world.
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Wearable medical device technology
Wearable medical device technologies are providing the medical industry with pioneering solutions to help
improve patient quality of care and reduce healthcare costs. By converging powerful technology influences
(IoT and AI, for example) these highly efficient devices are transforming out-of-hospital care, strengthening
prevention techniques and empowering both patients and doctors alike.
CSEM has over 35 years of technological experience across a variety of industrial activities in the field
of microelectronics and microtechnology. We are driven to apply our decades of acquired knowledge to
compliment digitalizing industries; our experience ranges from sensors, implants and diagnostic tools to AI
and cloud computing. ISO 13485 certified, CSEM’s medical device technology research activities are helping
to lead the medical world towards a new era of personalized healthcare.
Our researchers specifically innovate integration aspects for microtechnologies as well as meeting the
technological needs of portable medical applications, including: resource limitation, miniaturization,
precision, reliability, comfort and production costs, all according to ISO 13485 standards.
Adept at combining the skills of our multi-disciplinary community, we are able to combat the complex
technological challenges posed by system integration. Coordinating our talent allows us to fully explore
all new methods and modeling techniques, to achieve the best possible result for our clients. As medical
wearables become smaller, require greater interconnectivity and are increasingly complex, CSEM can help
industry innovate and promote new product concepts in the following technology domains.

Clinical assessments

Wearables

Ultra-low-power integration

Data science

New sensing technologies
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01 Biospectals’ smartphone blood pressure monitor under clinical validation
02: oBPM™ cuffless prototype capable of continuously measuring blood pressure
03: LTMS device in clinical study to validate the SpO2 performance
04: Cooperative sensor technology validation during ECG stress test
05: EIT breadboard validation in clinical setting
06: Nephron—a wearable artificial kidney
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CLINICAL
ASSESSMENTS
Since 2014, CSEM’s Systems activities have been
certified according to the international standard
ISO 13485 Medical Devices. This standard defines
the quality management system accepted for CE
marking of medical devices under the Medical
Devices Regulation.

CSEM ISO 13485 benefits

Therefore, CSEM can not only bring our partners
effective solutions that meet medical device
requirements, but also demonstrate safety and
quality according to medical device regulations. For
longer than our five years of certification we have
successfully established design and development
activities across start-ups, SMEs as well as larger
renowned medical organizations.

Performing the design and development of a
product according to ISO 13485 certification secures
its overall performance, eliminates uncertainty,
reduces its time-to-market, and widens a product’s
market opportunities.

Being certified according to ISO 13485 standard
guarantees risk management, consistency and
traceability of medical devices that are safe for
their intended use. This certification allows CSEM
to assist medical companies in developing products
beyond wearable gadgets, by engaging a medical
perspective from user requirements through to
development, implementation, and assessment
by clinical trials. This quality management system
also provides CSEM with the framework to deliver
the technical documentation required for product
certification.
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Thanks to our certification, CSEM communicates
a commitment of quality to both customers and
national regulators, easing the process of product
certification.
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01: WELMO prototype with 24 dry CS electrodes
02: First Swiss smartwatch to montior HR(V)
03: Vexatec smart textile sports performance monitor
04: Festina Hybrid smartwatch, powered by CSEM vital sign algorithms
05: Bellabeat smart activity tracking jewelry
06: Connected newborn care device
07: Neosense multi-parameter sensor electrode
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WEARABLES
CSEM’s wearable medical device technology ranges
from innovative sensing technologies for monitoring
human vital signs to bio-signal processing and
active medical systems. The implementation of
sensing and processing technologies in embedded,
continuous, on-body diagnostic systems will provide
lifetime access to clinical excellence. These kinds
of portable, multi-signal, ambulatory monitoring
systems, have a wide range of applications in the
domains of telemedicine, rehabilitation, security,
homecare—in particular for the elderly—health
promotion, prevention, sports, and wellness &
fitness.
Medical wearables—as a source of valuable
data measured in real environment leveraged
by digitalization, big data, and AI—will transform
the entire healthcare sector, reduce healthcare
costs, and improve lives of patients and caregivers,
especially in terms of prevention and patient
empowerment.

Compared to the state-of-the-art medical devices,
CSEM’s medical monitoring systems simultaneously
offer better ergonomics, higher information
content, lower cost, higher autonomy, and better
signal quality. Our solutions allow continuous
comprehensive measurement of physiological
signals and are thus ideal for outpatients who suffer
from pathologies such as lung or heart diseases.
They are also excellent for managing comorbidities
because the same sensors can simultaneously
measure:
 biopotential (ECG, EMG, EEG)
 impedance (EIT, BR, GSR, hydration or fat)
 blood pressure (SYS, DIA, MAP)
 skin temperature and heat flux
 photoplethysmography (HR(V), SpO2 perfusion)
 sound (coughing, wheezing or snoring)
 human kinetics
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01: DeTop—ultra-low-power mixed-signal ASIC for prosthetic arm control
02: Batteryless autonomous smart wireless sensor node
03: WiseSkin—wireless pressure sensor network for prosthetic hand
04: icyTRX—best-in-class Bluetooth Low Energy transceiver
05: Wireless propagation measurements of wearable electronics
06: Miniature Bluetooth module for medical sensor
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ULTRA-LOW-POWER

INTEGRATION
Medical devices pose particular challenges for smart
sensor design: miniaturization, battery size and
battery-life must be optimized, without sacrificing
high-precision and low-noise performance and
of course, compliance with medical standards. At
the same time always-on wireless connectivity is
mandatory, placing additional burdens on battery
life and size.
Decades of experience in ultra-low-power ASIC
design, miniaturization and wireless connectivity,
combined with unrivaled medical sensor systems
expertise, make CSEM the ideal partner for the
most advanced medical microsystem design.
Furthermore, embedded signal processing allows
local sensor analysis to reduce data flows. Wireless
system design includes miniature antenna design
to maximize propagation while minimizing antenna
footprint. CSEM’s design experience is supported by
the latest CAD tools and design flows.
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Low-noise analog front-end ASICs for capturing
EXG signals; sub-threshold digital CMOS design
for always-on sensors; best-in-class Bluetooth
Low Energy transceivers; embedded ECG analysis
software, and miniature antennas designed into the
casing of a hearing aid are just some examples of
CSEM technologies enabling the world’s leading
medical device manufactures.
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01: Biospectal smartphone blood pressure app
02: CSEM data scientists
03: One of the data centres at CSEM
04: CSEM ASIC for embedding AI tools
05: 12-lead ECG data streaming to CSEM cloud
06: RIVA Digital smartphone app to fight hypertension
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DATA SCIENCE
The domain of healthcare is undergoing a revolution
as it enters the digital world, with new products and
services made possible as medical data becomes
available at unprecedented scales. CSEM data
science activities focus on:
 development of medical-grade AIs
 data-intensive services
 data privacy
Data-driven methods based on machine learning
(ML) and AI are the backbone of this activity. Our
methods employ high-quality data from clinical
trials with medical wearables focused on prevention,
diagnosis, and monitoring (e.g. cardiac arrhythmia
classification, sleep analysis and hypertension
detection). CSEM excels at crafting AIs that run on
our ultra-low-power platforms and is part of the
Digital Health Expert Group within the Swiss Alliance
for Data-Intensive Services working to develop the
regulatory framework for Trustworthy Medical AIs.
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Based on CSEM technologies, our customers can
build data-intensive services for mHealth and
eHealth, based on customized IoT protocols that
allow our partners to combine multiples streams of
data in real-time.
After the disruption of the European General Data
Protection Regulation (GDPR), data privacy has
become the backbone of this activity. Protection of
health-related data from malicious third parties is
approached today via the use of Trusted Execution
Environments and Homomorphic Encryption. Such
methods guarantee that our customers’ data is never
seen by any cloud provider offering computational
services. Our efforts focus on the deployment of
such security measures from the sensor itself to the
cloud.
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01: Wearable sweat tracker based on electro-chemical sensing
02: Bio-functionalized microfluidic chip
03: FusiGate—wound monitoring pads
04: Mobile urine analysis for low resource settings
05: Medilight—healing chronic wounds with blue light
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NEW SENSING
TECHNOLOGIES
Beyond physical sensors used for vital sign
monitoring, new sensing technologies such as biosensing or RF-sensing are coming to the market,
with the promise to offer more specific or less
intrusive measurements. Remote, contactless, radio
frequency (RF) sensing of vital signs (heart rate,
breathing rate) combined with sub millimeter-wave
RF measurements and advanced signal processing
techniques, are opening up new possibilities for both
medical (e.g. newborns, burn victims) and safety
(e.g. driver awareness) applications.
Bio-sensing offers unprecedented access to
consumer health data by measuring tiny amounts
of biomarkers in easily collectable bodily fluids
such as urine, saliva or sweat. Biosensors and
point-of-care devices will change the delivery of
healthcare. These technologies can be used in
cost-effective, disposable point-of-care devices or
used to provide continuous monitoring in wearable
devices. Measurement in biomedicine presents
unique challenges in both implementation and
interpretation, which can be overcome by CSEM’s
unique multi-disciplinary competences.
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With its expertise in surface functionalization,
electro-chemical sensing, photonics, packaging,
system design and machine learning, CSEM
has unique competences to implement biosensing into disruptive products. The upscaling
of the manufacturing process using large surface
printing and replication technologies enables us
to manufacture low-cost biosensors that can even
be integrated into disposables. Elements such as
pH, lactate, glucose, ions or proteins are just some
examples of the range of analytes that are available
to enable new applications in sports physiology,
digital health or consumer health.

Wearable medical devices
powered by CSEM technologies
Successful technology transfers
CSEM has been active in the wearable technology domain for 20+
years. We have successfully developed: sensing and processing
concepts for non-invasive human vital sign monitoring; low-power
ASICs; wireless chipset designs; AI and lastly, data analytics with
novel sensing concepts.
Our ISO 13485 certified medical device research activity is performed
in close collaboration with Swiss University Hospitals, who assist in
verifying and monitoring physiological signals such as ECG, heart rate
(variability), impedance, respiration rate, PPG, NIRS, non-occlusive
blood pressure, core body temperature, and human kinetics.
We put special emphasis on innovating medical wearables that are
comfortable, inconspicuous, low-cost and low-power. Moreover, we
focus on making these devices easy to use and maintain, while allowing
them to be seamlessly integrated into the digital health workspace.
As a recognized research & technology organization, CSEM’s mission
is to enhance the competitiveness of industry by developing and
transferring its IP and medical technology platforms. We are pleased
to share and highlight here just some of our past success stories.

AVA
Fertility tracker

CSEM belongs to the globally
leading organizations when it
comes to medical wearables.
Their experience, technology
portfolio, IP, know-how and
advice have greatly contributed
to building Ava, a company with
the mission to improve women’s
health.

Pascal Koenig
CEO
Zürich (Switzerland)
www.avawomen.com
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aktiia
Complete blood
pressure monitor

Aktiia aims at reducing the
burden of hypertension with
just a sleek bracelet, the fruit of
more than 15 years of research
and development done at
CSEM. Their multidisciplinary
team, scientific approach, and
passion for innovation have
been invaluable throughout the
creation of our breakthough
solution for cuffless blood
pressure monitoring.

Mattia Bertschi
CEO
Neuchâtel (Switzerland)
www.aktiia.com

Firstbeat
Smart lifestyle
assessment

Nano Retina
Artificial retina
bringing sight to
the blind

We worked with CSEM to develop
a prototype next generation
wearable heart rate tracker.
Combined,
their
technical
excellence, deep understanding
of a companies needs, agile
research approach and focus on
outcomes was both impressive
and unique.

Artificial vessel
for lymphedema
treatment

Ilkka Korhonen
CTO
Jyväskylä (Finland)
www.firstbeat.com

Marco Pisano
CEO
Lausanne (Switzerland)
www.lymphatica.ch

Nano Retina aims to restore
functional vision to blind patients
who have lost their sight due to
retinal degenerative diseases.
CSEM’s long experience in
ultra-low-power ASIC design
was instrumental in allowing us
to achieve the required energy
budget for our NR600 implant.

We have selected CSEM’s IP
because of its remarkable
performance
and
quality.
Furthermore, we’ve received
excellent
support
from
CSEM’s design team which
is fundamental when you’re
developing
a
product
as
advanced as Oticon OpnTM.

Rani Mendelewicz
VP R&D
Herzliya (Israel)
www.nano-retina.com
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Lymphatica

Lymphatica’s first artificial lymphatic vessel for the treatment
of lymphedema is composed
of an implanted micropump,
controlled externally via a wearable device. Working with CSEM
allowed us to develop and produce the first series of wearable
controllers to be used in a firstin-man clinical investigation in
lymphedema patients.

Oticon
Bluetooth Low
Energy connectivity
for hearing aids

Fin Möhring
VP R&D
Smørum (Denmark)
www.oticon.com

CSEM SA

Jaquet-Droz 1
CH-2002 Neuchâtel
CENTER ALPNACH

Untere Gründlistrasse 1
CH-6055 Alpnach
CENTER LANDQUART

Bahnhofstrasse 1
CH-7302 Landquart
CENTER MUTTENZ

Tramstrasse 99
CH-4132 Muttenz
CENTER ZÜRICH

Technoparkstrasse 1
CH-8005 Zürich

CONTACT

www.csem.ch
info@csem.ch
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