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Monozukuri (MZ) at a glance
Privately held Italian engineering company based in Rome

delivering high-quality
EDA Electronic Design Automation Technologies for Advanced Packaging

&
Design Solutions for embedded and real-time systems
MZ MZ
Solutions Organized in two (cooperant) Divisions Technologies

Delivers EDA solutions for

reliable electronic designs, advanced packaging, enabling

development and next-gen,
prototypes vertically stacked ICs

Delivers high-quality,
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Hi! I’'m Giulia Di Giovan Paolo

* Junior Software Engineer @ MZ
®* Bachelor’s degree in Software Engineering @ Tor Vergata University
®* Currently pursuing a Master’s in Biomedical Engineering @ Roma Tre University
* Preliminary study on THz radiation and Hermes project in the biomedical field

* Two application ideas -> any kind of feedback is highly appreciated!




Outline

Part 1:
Characteristics of THz radiation

Current literature on THz in the Biomedical field
Part 2:

Potential biomedical applications of Hermes project (Use Case A and B)




THz Radiation - Overview

Range 0.1-10THz
Wavelength 3mm—30 um
Photon Energy 0.4 —40 meV

* Between far IR and millimiter

* Non-ionizing photon energy

* Penetrates non-conducting materials
®* Strong absorption by water

®* Spectral fingerprints of some biomolecules




THz Radiation - Applications

fungi / bacteria
/‘

* Non-destructive testing

* Explosive detection / Security screening

tion
s

-- wi/o fungi

ITHz absorp

l * Astronomical observations (water, oxygen, carbon monoxide)

f t;) frequency

* Detection of specific biomolecules and microorganisms
* |maging, THz-TDS

e Communication

DOI:10.1038/srep04988
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THz Radiation - Limitations

* High absorption by water

Blockage ggeer%}a Penetration | Loss
Thickness | pistance | Loss (dB) | Model

Material

o Good for differentiating between cancerous and
healthy tissue

@ Strongly limits penetration in water-rich environments
(e.g., human body)

Wang, G., et al. "Terahertz sensing and

communication towards future intelligence = e | g\y(er) spatial resolution (compared to X-Rays) — better
connected networks." Communications of Huawei ,

Research than microwaves

Measurements @ 140 GHz ®* Poor atmospheric transmission (affects long range)
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THz In Biomedicine

Three points of view: Communication, Sensing, Therapy

1. Communication

Eroqtancy dependeqt atiospheric atenuation upto TTHE ®* More than 10 times the bandwidth of mmWave

--=-=-=- Dry air {oxygen)
Standard air (oxygen+water vapor) 17.1dB/m
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\ i * High data rates
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Note: severe path loss, sparse channel
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Frequency [GHz]

* Built-in layer of security (directional beam)
DOI: 10.1109/COMST.2024.3385908

Absorption peak loss of 17.1 dB/m at 560GHz
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THz In Biomedicine

Three points of view: Communication, Sensing, Therapy

2.1 Sensing — THz-TDS

) * Technique to probe sample properties with ultrafast THz
a— pulses

— ®* Coherent detection of the signal in time domain

‘ ' ; ™ de;r:cztor .
=W | * FT applied
— * Refractive index and absorption coefficient
THz \/\, ) \[\I wave o [\
W N, Example: with metamaterials as an alternative to PCR

Transmission Reflection Attenuated total reflection

https://doi.org/10.1016/j.ymeth.2024.12.001
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https://doi.org/10.1016/j.ymeth.2024.12.001

THz In Biomedicine

Three points of view: Communication, Sensing, Therapy

2.2 Sensing — Imaging

* Spatial maps of how the sample interacts with THz waves

* |nformation encoded in each pixel (differences in
absorption, thickness, Rl)

» Compared to X-Rays: hnon-ionizing,{/ lower spatial
resolution

Vv (mm)

 Sample scanned point-by-point or line-by-line.
Information collected by a detector
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HOI: 10.1364/BOE.7.003756 * THz-CT: image recorded from different angles.
Transmitted THz intensity fed through tomographic
algorithms to reconstruct the 3D image

' obular carcinoma: transmission mode

BN Funded b

R . Cororean union HOFiZON-Msca-Se-2024 | HERMES 2025-2029 | Grant 101236439 10

hermes




THz In Biomedicine

Three points of view: Communication, Sensing, Therapy

2.2 Sensing — Imaging

* Main mechanism: different hydration levels
* Cancer detection
* Bone damage
 Burn extent and depth
* Freeze drying, contrast agents and penetration enhancing agents
* |mprove penetration
* Either alter the sample (in vitro) or have issues of biotoxicity (in vivo)

* Need more research
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THz In Biomedicine

Three points of view: Communication, Sensing, Therapy

3. Therapeutic Applications

Ongoing studies, some involve tens of THz.

* Skin cancer (detection and treatment with heating - +5°C @ 1 THz CW
on skin model). Still little research on feasibility.

* Wound healing — conflicting evidence
* Changes in permeability of Calcium Channels (tumor treatment)

 Regulate conformations of some proteins
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Part 2:

Potential biomedical applications of the Hermes project
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Hermes in Biomedicine

Use Case A: Data Transmission in Wireless Endoscopy

Al. Wired vs Capsule Endoscopy

Wired Capsule
Requires specific training Easy to operate
Invasive, sedation needed Non-invasive
Risk of perforation and infection Wireless
No access to some areas of small intestine Can access small intestine

Main components of capsule: camera lens, LEDs, battery, data transfer module
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Hermes in Biomedicine

Use Case A: Data Transmission in Wireless Endoscopy

A2. Characteristics of commercial devices

FPS 2-30
Resolution Typically 360x360
Images 150,000 (depends on battery life)
Data Transfer RF Module (8.1 Mbps)
Receiver Belt/Pouch or Sensor Array on Abdomen

Hermes devices: wider band, higher frame rates, better resolution.

Also useful for better ML predictions.
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Hermes in Biomedicine

Use Case A: Data Transmission in Wireless Endoscopy

A3. Challenge: Path Loss in Body
PL(f,d)|dB| = PLabs(f,d)|dB] + PLspr(f,d)|dB| + PLsca|dB]

Absorption: different tissues with Scattering: negligible. Size of scatterers
different water contents. smaller than wavelength.
* Fat  Water particle [nm]
* Blood (plasma, blood cells, * Proteins [nm]
blood clots)

* Red blood cells [um]
®* Muscle
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Hermes in Biomedicine

Use Case A: Data Transmission in Wireless Endoscopy

A4. Challenge: Path Loss in Body
PL(f,d)[dB] = PLabs(f,d)|dB] + PLgp-(f,d)[dB]

Absorption Spreading
* Distance  Real part of refractive index
* Absorption coefficient * Free space wavelength
* Distance

PL{ZLbS (fn d) [dB] — 10uabsd10g10 (6) PLsp?“ (f? d) [dB] = 20 10%10(4W}i,nr)
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Hermes in Biomedicine

Use Case A: Data Transmission in Wireless Endoscopy

A5. Challenge

e Strong limitation: tens of dBs in loss in just a few millimeters
* Improvements/workarounds involving:
e Radiation amplification with use of graphene (Hermes)
* High detectivity (Hermes)
e Careful antenna placement

 Sensor array on abdomen
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Hermes in Biomedicine

Use Case B: Spectroscopy for Glucose Monitoring

B1. Background

Blood glucose regulation crucial for managing diabetes

* Finger-prick blood glucose meter

FreeStyleLibre 2

* capillary blood, electrochemical strips A -

®* uncomfortable, not continuous, risk of infection
FreeStyle Libre 2

®* Continuous Glucose Monitors (CGMs) 6

®* subcutaneous sensor, enzyme-based

®* invasive, limited lifetime

Both produce quite a bit of medical waste NHS Patient Leaflet
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Hermes in Biomedicine

Use Case B: Spectroscopy for Glucose Monitoring

B2. THz alternative — current literature

®* Glucose has resonances in the THz spectrum (0.5, 1.2, 1.4, 2.1 THz)

* Link between glucose levels in sweat and in blood (50-100 times lower)

* THz metamaterial that selectively binds glucose has been reported

® placed on the skin

® hydrogel film swells upon binding with glucose Y ——

® changes in dielectric properties -> alterations in the transmission spectrum

® evaluated using external THz-TDS system
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Hermes in Biomedicine

Use Case B: Spectroscopy for Glucose Monitoring
B3. Hermes Challenge

* Still missing a compact and non-invasive method
* Hermes devices allow for coherent detection in the frequency domain
* A setup for THz spectroscopy in reflection mode to determine glucose levels in sweat

* skin mounted

* reflection mode to avoid path loss through skin

®* small, reusable, non-invasive, reduced waste

* potential limitations: calibration needed, interference with water, motion
artifacts, longer time for analysis

21



To Sum Up

Strengths Issues
* Safe  Water absorption can’t be ignored
* Versatility e Spatial resolution needs to be
improved

* Detection of impurities in
pharmaceuticals * Further research needed, as well as
more affordable setups
®* Cancer detection, PCR alternative,
teeth decay monitoring * Need for common databases

Hermes project could mitigate current limitations
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Potential Therapeutic and Diagnostic Applications of THz Radiation

Thank you for your time.

Giulia Di Giovan Paolo
Monozukuri

giulia.digiovanpaolo@monozukuri.eu
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