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2023 — A YEAR OF CHALLENGES

AND SUCCESSES

In 2023, we persistently pushed the boundaries of tech-
nology across our three primary fields of research:
electromagnetics, computational life sciences (CLS), and
temporal interference (Tl). In spite of the unforeseen
challenges we encountered — challenges that tested our
resources and delayed the completion of projects —

we forged ahead with determination, and our accom-
plishments were, overall, remarkable.

In electromagnetics, Z43 partner SPEAG was able to
release the world's first absorbed power density (APD)
assessment system for compliance testing of body worn
millimeter wave (mm-wave) devices (see pages 12-13).
We were also able to install the SEAWave mm-wave
exposure systems for human provocation and animal
studies, which are being used in the first systematic studies
to evaluate potential risks of 5G mm-wave exposures.

In Spring 2023, we successfully launched S4L', the free
student version of our Sim4Life computational platform
and the first one that runs natively in the cloud. The launch
was made possible thanks to the technologies developed
within our 02S?2PARC open-source, cloud-based platform
for the development, execution, and sharing of compu-
tational models, simulations, and data analysis pipelines,
and the presentation of results. Although the release

of the full Sim4Life web version had unfortunately to be
postponed until early 2024, we have in the meantime
started new activities in the areas of complex neuronal
networks and metamodeling. Our robust expansion into
the neuro-sciences will hopefully intensify our future scien-
tific impact in the domains of medicine, bioelectronics and
neuro-prosthetics, innovative neurostimulation paradigms,
and personalized modeling and treatment planning.

Our Tl activities —encompassing basic and applied research,
as well as hardware and software engineering and the
support of research groups via the Early Adopter Program
(EAP) of Z43 partner Tl Solutions AG — expanded
significantly throughout 2023. We initiated the patent
process for a novel Tl stimulation method based on

phase modulation and developed high- and low-pass filters
to enable application of Tl stimulation simultaneously
with electroencephalography (EEG) recording, thereby
unlocking new avenues for closed-loop stimulation
protocols. The achievement of personalized Tl planning

became feasible through our success in leveraging
artificial intelligence (Al) for automated segmentation

of 30 different head tissues. Furthermore, the publication
of two papers in Nature Neuroscience (see page 15)
marked important milestones, demonstrating the first-
ever use of Tl stimulation to modulate target deep

brain structures in humans to influence memory and
motor learning.

All of these successes were possible only because of the
passion, dedication, and dynamism of all IT'IS researchers,
students, and external advisors (see page 5) and the
invaluable guidance of our Board Members (see page 4).
We are grateful to Professor Alex Dommann for taking
over the presidency during this period of expansion, and
to Professor Stephan Bodis, his predecessor, for guiding
us through our diversification into the medical sciences.
Our gratitude also goes to Professors Qiuting Huang,
Mathieu Luisier, Lukas Novotny, and Klaas Prissman for
their support with infrastructure sharing and for their
advice to our students and researchers. Additionally, the
clinical expertise of Professors Beatrice Beck Schimmer,
Stephan Bodis, and Alvaro Pascual-Leone, and the advice
and support of Professors Peter Achermann,

Quirino Balzano, and Primo Schar have been crucial to
our progress.

Our fruitful collaborations with partner institutions (see
pages 8-9) draw on a rich, diverse reservoir of scientific
expertise that ensures insightful results for sustained
innovation and advancement. Equally important is

the long-term commitment of our Z43 partners to sponsor
basic research, and the support of funding agencies

such as Innosuisse, the Swiss National Science Foundation,
Horizon EUROPE, the U.S. National Institutes of Health,
and numerous sponsors and donors (page 10) is instru-
mental. This support enables us to pursue our passion and
excel in our endeavors to fulfil our mission:

Transforming the Future through Research.

Prof. Niels Kuster
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Tl Solutions AG, CH
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MED-EL, AT
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Epiminder, AU
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10

Cochlear, AU

CTIA, US

Disney Research, CH

dormakaba Holding AG (Kaba Gruppe), CH
Ericsson Radio Systems AB, SE
GE HealthCare, US

GSM Association, CH

Intel Corporation, US

International Business Machines Corporation, US
LG Electronics, KR

LivaNova, US

MED-EL, AT

Medartis AG, CH

Micro Systems Engineering Inc., US
Mobile & Wireless Forum, BE
Motorola, US

Nevro Corporation, US

Nokia Research Center, Fl

NTT DoCoMo Inc., JP

Oticon Medical, FR

Panasonic Corporation, JP

Philips Medical Systems, NL
Qualcomm Inc., US

Samsung Electronics Co., Ltd., KR
SB-Kawasumi, JP

Semtech Neuchatel Sarl, CH
Sensirion AG, CH

Siemens AG, DE

Sonova Communications AG, CH
Sony Corporation, JP

TUV sUD, DE

Vodafone Group Plc., UK

Small and Medium Enterprises
41Medical AG, CH

Autem Medical, US

BoneBridge AG, CH

Cardiatis S.A., BE
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PROJECTS

EM Technology

5&6GEARS

Dielectric Spectroscopy

expo6G

MEWS
Module APD
MRIcompLEAD

Science for Standards

STASIS

TD SENSOR
TyProxi
WPT

IT'IS for Health

CLS - CRANIO

CLS - NeuHeart
CLS - 0°S?PARC

CLS - OptiStim
CLS - PersonalizedSTIMO

CLS - SENS-THERM
CLS -TARA

CLS - UNMOD
CLS - V&V40

MRI - Implant Safety
REPLICATIONS

Tl

ViP 4.x

ViP-P/VM/M

Development of an ultra-miniature wideband 5G and 6G electromagnetic radiation sensor for future mobile
communication systems

Development of novel methodologies for characterization of materials from DC to >100 GHz

Multi-modal optimization of 5G and 6G hybrid wireless and internet of things communication networks
in Switzerland

Metrology for emerging wireless standards
Module for exposure assessment of the absorbed power density of millimeter wave wireless devices
Magnetic resonance imaging-compatible leads

Provision of science in support of electromagnetic product standards and support of standard committees
and governments

Standardization for safe implant scanning in magnetic resonance imaging
Development of time-domain near-field sensor technology
Development of a regulatory-grade test system for compliance of wireless devices with proximity sensors

Development of test equipment and software to show compliance with electromagnetic safety guidelines of
wireless power transfer systems

Modeling of craniospinal compliance in humans to advance the understanding of dynamic compliance and
its pathophysiologic basis

Development of a neuroprosthesis to restore the vagal-cardiac closed-loop connection after heart transplantation

Establishment of an interactive, freely accessible online computational platform for simulating peripheral nervous
system neuromodulation / stimulation

Optimal neurostimulation for the treatment of chronic headaches

Personalized epidural electrical stimulation of the lumbar spinal cord for clinically applicable therapy to restore
mobility after paralyzing spinal cord injury

Development of hardware and software for electromagnetic sensing, video control and metamodeling in
thermotherapy of advanced head and neck (H&N) cancer

Development of a platform to provide an open-access repository and database for acupoint research —
Topological Atlas and Repository for Acupoint research

Experimentally validated computational pipeline of ultrasound propagation and neuron-coupling for non-invasive
peripheral nervous system stimulation

Development of novel concepts for verification and validation of computational life science software platforms
and their applications

Improved procedures and instrumentation for magnetic resonance imaging safety evaluation of medical implants
Co-funding of confirmation studies of bioelectromagnetic experiments
Temporal interference stimulation device and planning tool: Basic research, and hardware and software development

Development of the next generation of high-resolution computational anatomical models

Development of novel posers, methodology for enhanced volume meshes of anatomical structures,
and a physically-based morphing tool

EM Exposure and Risk Assessment

Brain in a dish

Sleep Studies

SEAWave

RADIODEP

sXc, sXv, sXh

1

Effects of radiofrequency electromagnetic fields (5G) on brain development and neurodegeneration

A causal role for a voltage-gated Ca,1.2 calcium channel in mediating non-ionizing radiation
5G frequency range 1 effects on sleep associated brain health in humans?

Scientific-based exposure and risk assessment of radiofrequency and millimeter wave systems
from children to elderly (5G and beyond)

Effects of radiofrequency (5G) in healthy and depressive subjects: Behavioral and neurobiological approaches of
electromagnetic hypersensitivity in the rat

Development of optimized exposure systems for bio-experiments from static to >100 GHz including the systems
for NIEHS in vivo follow-up studies



FROM RESEARCH TO TECHNOLOGY:
THE FIRST SOLUTION FOR ASSESSMENT OF
ABSORBED POWER DENSITY

The 5" Generation (5G) of mobile communications
systems has been designed to offer massive connectivity,
lower latency, and higher data rates to enable new
applications such as the Internet of Things, autonomous
driving, and more. In addition to the sub-6 GHz bands

(the so-called frequency range 1 (FR1)), millimeter bands
(FR2) have been defined with Release 15 of the 3™
Generation Partnership Project (3GPP) in 2018. To protect
against localized sources operating at FR2 frequencies
close to the body, the guidelines on "Limiting Exposure to
Electromagnetic Fields (100 kHz to 300 GHz)"" have been
revised to define a new basic restriction, the absorbed
power density (APD), for frequencies >6 GHz. Well-
defined exposure limits are beneficial for all stakeholders
— the public, regulators, and mobile manufacturers.

DASY8 Module APD measurement system for compliance testing of millimeter wave mobile devices with dosimetric safety limits,

Importantly, the APD metric reduces assessment
uncertainties and the compliance burden for makers of
wireless devices that operate close to the human body.
APD has, therefore, been rapidly adopted by regulators
worldwide for frequencies <10 GHz; for frequencies

>10 GHz, however, adoption has so far been hampered
by the lack of suitable solutions for APD measurement.

Hence, in 2020, IT'IS joined forces with the Integrated
Systems Laboratory of the ETH Zurich and Z43 partner
SPEAG to develop the world’s first measurement system
for accurate and comprehensive assessment of APD

for the 24-30 GHz frequency band. The system developed
consists of a new APD phantom, a new APD probe,

a traceable probe calibration system, and characterized
verification and validation (V&V) sources.

)
4@}

including the APD probe, APD phantom filled with skin-simulating liquid and a precisely positioned mobile device.
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Validation results of the newly developed DASY8 Module APD assessement system. APD simulation (a) and measurement (b) of
a cavity-backed dipole array. APD simulation (c) and measurement (d) of a slotted horn antenna.

APD phantom: The main challenge to the realization of
experimental dosimetric systems is that the penetration
depth in the skin is very short; in addition, the water content
of the stratum corneum is very low, and it, therefore,
acts like a matching layer that reduces reflection and in-
creases the APD values compared to a homogeneous
phantom?. To enable measurement in the interior of the
phantom, we developed a new phantom that simulates
the reflection and absorption of the skin for any incident
field configuration while increasing the penetration

depth by more than a factor of 5. The new phantom has
a mechanically stable shell with high permittivity
containing a skin-simulating liquid (SSL) that allows assess-
ment of the APD of devices positioned as close as

2 mm to the skin. The performance of the phantom has
been thoroughly validated.

APD probe: The new APD probe, which has a sensing
volume of <0.5 mm?3, is composed of two orthogonal
electrically small resistive dipole sensors with diode
detectors. By rotating the probe around its axis by

120° and 240°, the local polarization ellipse based on the
pseudo-vector principle can be assessed®. In addition,
the probe was dielectrically matched to the SSL, which
minimizes measurement distortion due to scattering.
The probe covers a frequency range from 6-45 GHz with
an axial isotropy error of <0.3 dB and a linearity error

of <0.2 dB over a dynamic range of 0.3 to >1000 W/m?2.

Calibration system: Application for product certification
of the new APD probe requires traceable calibration

of the APD probe's electric (E-)field sensitivity. A semi-
analytical solution for an open-ended rectangular
waveguide radiating into an infinite half-space of SSL
was derived that warrants traceability via input power

and frequency.

Field reconstruction: The experimental APD assess-
ment involved the use of an automated scanning system
to determine the orthogonal component of the Poynting
vector at the phantom surface from the scanned E-field

in the SSL volume over a predefined grid. Two evaluation

approaches were implemented to determine the APD

at the phantom surface: (i) scalar, based on the measured
decay in the phantom, and (ii) vectorial, based on a total
field reconstruction algorithm and back-propagation to the
surface of the phantom. A comprehensive uncertainty
analysis addresses all components integral to the mea-
surement system and post-processing. The expanded
uncertainty for the APD measurement system is 1.49 dB.

V&V sources: System validation was performed as the
final APD assessment system development step. The
validation involved measuring the APD and reflection from
the phantom surface with the previously developed
numerical validation sources. The peak spatial-averaged
APD from measurements was compared with their
numerical targets and the numerical and measured reflec-
tion coefficients. The APD validation was successful, with
a normalized error as small as 0.1 (k = 2).

The APD system is based conceptually on specific absorp-
tion rate assessment systems and can be integrated

into SPEAG's existing robot-based high-precision electro-
magnetic near-field scanning platform DASY8.

Our research efforts led to the release of DASY8 Module
APD V1.0 in December 2023 to help ensure that the
exposure of users of 5G technologies does not exceed
the limits defined by national health agencies.

International Commission on Non-lonizing Radiation Protection. Guidelines for
limiting exposure to electromagnetic fields (100 kHz to 300 GHz). Health
physics 118(5):483-524, May 1, 2020. DOI: 10.1097/HP.0000000000001210

A. Christ, T. Samaras, E. Neufeld, and N. Kuster. RF-induced temperature
increase in a stratified model of the skin for plane-wave exposure at 6-100 GHz.
Radiation Protection Dosimetry 188(3):350-360, June 2020.

DOI: 10.1093/rpd/ncz293

A. Christ, A. Aeschbacher, F. Rouholahnejad, T. Samaras, B. Tarigan, and
N. Kuster. Reflection properties of the human skin from 40 to 110 GHz:

A confirmation study. Bioelectromagnetics 42(7):562-574, October 2021.
DOI: 10.1002/bem.22362

K. Pokovic, T. Schmid, J. Frohlich, and N. Kuster. Novel probes and evaluation
procedures to assess field magnitude and polarization. |EEE Transactions on
Electromagnetic Compatibility 42(2):240-244, May 2000.

DOI: 10.1109/15.852419
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INFRASTRUCTURE

Dosimetric, Near-Field, and EMC/EMI Facilities
Semi-Anechoic Chamber

This shielded, rectangular chamber has the dimensions 7 x 5 x 2.9 m (L x W x H).
It is equipped with a reflecting ground plane floor, and half of its walls are covered
with electromagnetic wave absorption panels. The chamber, which contains

an integrated DASY52NEOQ system, can be used for all research activities involving
dosimetric, near-field and far-field evaluations, the optimization and synthesis

of handheld devices, body-mounted transmitters, implants, desktop applications,
micro-base and pico-base station antennas, exposure setups, calibration
procedures, electromagnetic interference tests, magnetic resonance imaging
safety tests, compliance testing of implants, etc.

Facility for RF Compliance Testing

IT'IS shares with Schmid & Partner Engineering AG a facility equipped with the
latest DASY8 systems for testing compliance with any national and international
guidelines, standards, and regulations as well as for a wide range of research and
development measurement tasks related to exposure to electromagnetic waves
at frequencies from 3 kHz — 110 GHz. The documentation of Class C accreditation
has been completed.

Technical Equipment and Instrumentation

Spectrum and Network Analyzers

1 Copper Mountain R60 Vector Reflectometer

HP 8753E Network Analyzer, 30 kHz-6 GHz

HP APC 85033B Calibration Kit

Keysight E5061B Vector Network Analyzer, 5 Hz—1.5 GHz

Rohde & Schwarz FSP Spectrum Analyzer, 9 kHz-30 GHz

Rohde & Schwarz FPL1003 Spectrum Analyzer, 5 kHz-26 GHz
Rohde & Schwarz ZVA24 Vector Network Analyzer, 10 MHz-24 GHz
Rohde & Schwarz ZVA50 Vector Network Analyzer, 10 MHz-50 GHz
Rohde & Schwarz ZVAG67 Vector Network Analyzer, 10 MHz - 67 GHz
Rohde & Schwarz ZV-Z52 Calibration Kit

NI PXle-5668R Vector Signal Analyzer, 100 kHz-26.5 GHz

-

RN NG

Signal Generators and Testers

3 Agilent 33120A, Waveform Generators

1 Agilent 33250A, Waveform Generator

1 Agilent E8251A Signal Generator, 250 kHz — 20 GHz
3 Anritsu 3700A Vector Signal Generators

2 Anritsu MG3700A Vector Signal Generators

1 HP 8647A Signal Generator, 250 - 1000 MHz

1 Rohde & Schwarz CMU200

1 Rohde & Schwarz CMW500 Wideband Radio Communication Tester
1 Rohde & Schwarz CTS55 Digital Radio Tester

1 Rohde & Schwarz SMIQ02B Signal Generator

2 Rohde & Schwarz SML02 Signal Generators

1 Rohde & Schwarz SMLO03 Signal Generator

1 Rohde & Schwarz SMTO06 Signal Generator

1 Rohde & Schwarz SMU200A Signal Generator

1 Rohde & Schwarz SMY02 Signal Generator

1 Rohde & Schwarz SMW200 Vector Signal Generator
1 Spectrum DN2.816-02 16-Bits Hybrid Netbox

DASY, cSAR3D, DAE, EASY4MRI, MITS, PiX, Phantoms, Resonators

1 INDY (3-year-old child head) Phantom

1 ISABELLA (6-year-old child head) Phantom

1 SPEAG ASTM Phantom

5 SPEAG cSAR3D (2 Flat, 1 Left Head, 1 Right Head, and 1 Quad)
2 SPEAG DAE4, Data Acquisition Electronics

1 SPEAG DAE4A, Data Acquisition Electronics

2 SPEAG DAE4ip, Data Acquisition Electronics

4 SPEAG DAEasy4MRI, Data Acquisition Electronics
2 SPEAG DASY52NEOs

1 SPEAG EASY4AMRI

2 SPEAG EASY6

4 SPEAG EASY6 DAE, Data Acquisition Electronics
2 SPEAG ELI4 Phantoms

1 SPEAG HAC Radiofrequency Extension

1 SPEAG HAC T-Coil Extension

1 SPEAG ICEy-EMC and -mmW

1 SPEAG SAM V6.0 Phantom

3 SPEAG SHO V2 RB, RC, and RP OTA Hand Phantoms
1 ZMT MITS 1.5 with ELIT Phantoms

1 ZMT MITS 3.0 with ELIT Phantoms

2 ZMT Dual Cylinder Phantoms

1 ZMT MITS Gradient v1

1 ZMT MITS Gradient v2
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1ZMT PiXE64
1ZMT MITS-HFR1.5
1ZMT MITS-HFR3.0
1ZMT MITS-TT

Probes

1 Greisinger GMH 5430 Conductivity Meter

1 METROLAB THM 1176 Magnetic Field Sensor

1 SPEAG 1RU1PXI TDS Remote Unit

1 SPEAG AMIDV2 Audio Magnetic Field Probe

1 SPEAG AMIDV3 Audio Magnetic Field Probe

1 SPEAG DAK Kit 12/3.5/1.2E

1 SPEAG DAKS-12 Probe

2 SPEAG E1TDSz Electric Field Time Domain Sensor and Remote Units
1 SPEAG E1TDSx-ICEy Electric Field Time Domain Sensor

1 SPEAG E1TDSz-ICEy Electric Field Time Domain Sensor

1 SPEAG EE3DV1 Electric Field Probes

1 SPEAG EF3DV3 Electric Field Probe

1 SPEAG EL3DV2 Electric Field Probe for Wireless Power Transfer
2 SPEAG ER3DV6 Electric Field Probes

1 SPEAG ES3DV?2 Electric Field Probe

1 SPEAG ET1DV4 Dosimetric Probe

2 SPEAG ET3DV6 Dosimetric Probes

1 SPEAG EU2DV2 Dosimetric Probe

1 SPEAG EUmmW Electric Field Probe

1 SPEAG EX3DV3 Dosimetric Probe

4 SPEAG EX3DV4 Dosimetric Probes

3 SPEAG H1TDSx Magnetic (H-) Field Time Domain Sensor and Remote Units
1 SPEAG H1TDSx-ICEy Magnetic (H-) Field Time Domain Sensor

1 SPEAG H1TDSz-ICEy Magnetic (H-) Field Time Domain Sensor
4 SPEAG H3DV6 Magnetic (H-) Field Probes

3 SPEAG H3DV7 Magnetic (H-) Field Probes

1 SPEAG HL3DV2 Magnetic (H-) Field Probe for Wireless Power Transfer
1 SPEAG HU2DV1 Magnetic (H-) Field Probe

2 SPEAG T1V3 Temperature Probes

3 SPEAG T1V3LAB Temperature Probes

3 SPEAG T1VALAB Temperature Probes

6 SPEAG RFoF1P4MED Probes and 1 Remote Unit

Meters

3 Agilent 34970A Data Acquisition Units

2 Agilent E4419B and 4 HP 8482A Power Meters
3 Agilent HP 436A and 3 HP 8481A Power Meters
1 Handyscope HS3 Data Acquisition Unit

1 Handyscope HS4 Data Acquisition Unit

1 Magnet Physik FH49 — 7030 Gauss/Teslameter
2 Rohde & Schwarz NRP2 Power Meters

Amplifiers

1 Amplifier Research 10S1G4A, Amplifier, 800 MHz — 4.2 GHz
1 Kalmus 717FC RF Power Controller, 200 — 1000 MHz

8 Mini-Circuit ZHL42 Amplifiers, 700 — 4200 MHz

2 Mini-Circuit ZVE-8G Amplifiers, 2 - 8 GHz

1 Nucletudes ALP336 Amplifier, 1.5 - 2.5 GHz

2 Ophir 5141 Amplifiers, 700 MHz — 3 GHz

Other Equipment

1 Narda EHP-50 Electromagnetic Field Probe Analyzer, 5 Hz—100 KHz

1 Narda ELT-400 Magnetic Field Probe, 1 Hz—400 KHz

1 CEPH Storage Cluster for 02S?PARC:

- (3 nodes) each 64 core AMD 2.25 GHz, 256 GB RAM, 500 TB storage (total)

1 Extension of 0?S?PARC In-House Cluster:

- 2x 16 core AMD 4.3 GHz, 256 GB RAM, RTX 3060 GPU 12 GB, 3 TB disks

- 2x 16 core AMD 3.4 GHz, 128 GB RAM, RTX 3060 GPU 12 GB, 3 TB disks

1 TIPITIS.SWISS Mini Cluster:

- (4 nodes) each 16 core AMD 3.4 GHz, 128 GB RAM, RTX 3060 GPU 12 GB, 3 TB disks

Computers

75 Laptops, from Acer, Apple, Asus, Dell, HP, IBM, Lenovo

83 Desktop Workstations (from HP, Dell, Acceleware, Dalco, custom built)

13 High Performance Computing Workstations/Servers (from Dalco, Acceleware,
custom built)

7 QNAP Network Data Storage Servers

10 Dalco Servers

9 Miscellaneous Peripherals (e.g., network devices, printers, scanners, etc.)
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