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Global Leadership in Deep-Tech Semiconductor R&l

Deep tech, atoms-to-systems research in micro & nano-technology, photonics, guantum
engineering and materials

Information &
Communications

Agri-tech & Food
Security

Micro & Macro Energy Health & Life Sciences
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>650 iy €60m+ 80% €500m
researcher, }i_, total annual MSc & PhD industry from Infrastructure
engineer & fy | income student ‘l‘ researchers-in- competitive investment
support staff = residence funding
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Ireland’s Semiconductor Infrastructure Tyndall

National Institute

X

Expansion

| 18,000m? of buildings
incl. ,200m? of cleanrooms
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New research building opening in 2028 Tyndall

ational Institute

Current site as viewed from the new facility
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New €100M government investment to expand (17,000m?) research
infrastructure, industry suites and dedicated Spin-out & New Ventures facilities
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Controlling electrode — molecular interactions

& Tyndall

National Institute

Chemical Interactions Digital Output

Electrode surface region Bulk solm

Advantages

Cost-effective
i e et ; — Reasonable sensitivity
—> L Rapid time to results (secs to
o | mins)
Digital output

Can be fabricated at high
densit

\

Challenges = Opportunities

Reference electrode drift
Requirement for electrolyte
Sample preparation (e.g., pH)
Interferant ions

Lack of Specificity

Individual Sensor Calibration

>
>
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>
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National Institute

Four Electrode Configuration Platform ' € Tyndall

* Generator -
Collector
\ « pH Control
Samples Electrochemlstry * Materials Chemistry
* CEGCs
Milk —  System Integration
\
Blood m—
Saliva — * Parasites
Bi * \iruses
Beverages _— 10- . * Proteins
electrochemistry «  Enzymatic
substrates
Water - * DNA
\ J
Soil - .
Detection Platforms under Development
Gases —t Surface-Enhanced Raman Scattering Cell-Based Biosensors
Laser Detector Computer Electronics » Food safety
/ PAs AN * Flavourings,
Ji‘i&':ﬁﬁg. sweeteners
Glucose "'J |  Antibiotics/residues
IO s ucitec giucose * Pesticides
2“EUJAPAN DIGITALWEEK 2026 =
Al | , Y N O Orgital Week i

R SRRSO - B L ' of’rhe EU-Japan Digital Partnership
23 March - 30 March 2026 | Tokyo, Japan



Four Electrode Configuration

Advantages

Generator Collector much
higher sensitivity

Remove Interference
effects

Temporal and spatial
control of chemistry in the
region of the electrode - pH
control

150

Addition of a collector bias

100 -

Current (nA)

i
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Collector on
Collector off
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50x
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& Tyndall

National Institute

Redox cycling occurs

Analyte Depletion
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Generator Collector — Removing Interference
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ECL Sensing Platform: Entwined Spiral

Increasing Gap

A W2G2 3
\ AN @ /

ECL Set-up
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Coreactant-Free ECL Performance
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Coreactant-Free ECL Immunosensors
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Interdigitated electrodes for local pH control Tyndall

National Institute

Simulation of proton diffusion of protons from protonator electrode:
t=0s t=1s t=10s

+ (A) (B) (C)

100 um

Oxidation: 2H,0() -0, (g)+4H*aq) + 4de" : —_—
Visualisation of pH change using methyl red pH indicator dye.

Reduction: 2 H*(aq) + 2e” - H, (g)
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Gold Oxide Reduction as pH Probe

Cumrent (nA)
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Current (nA)

—pH 7.30

Oxide Reduction Potential (V vs Ag/AgCl)

<4 ——pH 7.27
=—)pH 7.25

= pH 7.23

-5 4 e pH 7.21
w===pH 7.19

e pH 7.17

6 e pH 715

=k & -~ & T & a4 ° E = 3
0.15 0.20 0.25 0.30 0.35 0.40 0.45 050 0.55 0.60
Potential (V vs. Ag/AgCl)

2" EUJAPAN DIGITAL WEEK 2026

23 March - 30 March 2026 | Tokyo, Japan

—— pH 2.99

0.4 0.6 0.8
Potential (V vs Ag/AgCl)
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Gold Oxide Reduction as pH Probe

Reduction Potential (V vs AgAgCl)
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Reference Electrode Stabalisation Tyndall

National Institute
Institiaid Naisianta
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pH sensing in rumen fluid € Tyndall

National Institute

‘ / [ | Tyndall pH Sensor _ 8
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Metals: In-situ pH control

(a)

Avoca mines
@

Ross island Mines o
® Bunmahon mines

Sites ICP-MS
(ng/L)
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Calf wellbeing — animal welfare Tyndall

Mational Institute

Bovine Respiratory Disease Scour Disease

A complex, bacterial infection that Bacterial, viral or parasitic infection

causes pneumonia in calves. which causes diarrhea in calves.
IMPACT: 65% of feedlot morbidity, IMPACT: 48% calves death,
€800 to €900 million economic loss €90 to €102 million economic loss
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stem Development

Current (nA)

Voltage (V)

a7 "’.'"Y':C“

Status: disconnected

Avallable devices

Devices connected: none

0.00 025
— Current (nA)




Specificity — Bio-modification

i \
Pt-B Electrodeposition \
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Saliva Biosensor — pH, Glucose and Lactate

pH calibrated in saliva
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Multiplexed Biosensor (pH, Glucose, Lactate)
I

: Lactate

Srimgle Sagnjple oIF Glucose ?ol\tj[centratmn Concentration
HM) (M)

Calf-1 1887 8.0 120+ 6 583+ 10
Calf-2 1889 8.1 110+ 6 613 £8
Calf-3 1893 7.8 105+5 643 £9
Calf-4 1910 7.9 3009 680 £ 10
Calf-5 1900 7.7 272+ 9 709 £ 9
Calf-13 2218 8 3 16.5 +0.12 952+ 8
Calf-14 2202 6.1 +0.07 1004 =10

Healthy saliva pH range 7.7 - 8.2

Healthy saliva glucose range 110 - 1350 umol/L
Healthy saliva lactate range 110 - 780 pmol/L
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Precision Electrochemical Nanosensors
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Enabling Real-time Decision Making: o
Developed new sensor materials and in-
situ pH control which enable

selective detection of nitrates (NO;), pH
and dissolved oxygen in soil.

PCT Granted: W02024261348A1
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Packaged nanosensor chip
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https://patents.google.com/patent/WO2024261348A1/en?oq=WO%2f2024%2f261348

Finite Element Simulations - Hydrodynamic Tyndall

National Institute

t=0.1s t=10s
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Gold oxide Static & Flow

Chemically
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Gold oxide Static & Flow Tyndall

National Institute
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Chlorine Sensing Tyndall

National Institute

« Chlorine used to sterilise water

100
« Insufficient chlorine - Biological species in 5
water 80
- Excess chlorine - toxicity/death 1
60—
« Typical method - colorimetry % -
« Electrochemical pH control method - e
Hypochlorous Acid (HOCI) &
20 -
« ldeal sensor would operate under flow (in- i
line) 0 T
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Detection of Chlorine under flow Tyndall

National Institute

53 ppm Chlorine in water sample

4 ] R Squared 0.95964 20 .
2] £ ]| + static .
0_- 0 - . ﬂ{]w
2- - /""
4 - -10 + 20
6+ ] '
— _8 - o — -4D =
£ = 2 T
2 12 = = -60-
é 18] 0 20 1 @ ] / ~5nA
3 16 - = 5 -804
O 184 © O _
220 ?\\l\_ -100
22 2 .
24 -120 4
26 - .
3 -30 1
-28 -140 4
-30 | I | . | ! | ! | ! | ! | ! | ! | ! | ! | ) | ! | T T T T T T T T T T T T
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 1 2 3 4 5 6 0.2 0.0 0.2 0.4 0.6 0.8 1.0
Potential (V vs Pt) Cubic root of flow (uL_min *1/3) Potential (V vs Pt)

"' EUJAPAN DIGITAL WEEK 2026
2 The EU-Japan Digital Week is organised as part

23 March - 30 March 2026 | Tokyo, Japan

of the EU-Japan Digital Partnership




4th Water Framework Directive — chemcial watchlist

4™ WL proposed substances

Industrial products PPP and biocides

Alkylphenols Azoxystrobin
Chloroanilines Diflufenican
Siloxanes Fipronil

Sunscreen agents Metazachlor

UV filters Pyrethroids

Rodenticides

Limits of detection required are low to sub ng/L
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Tyndall

National Institute

Pharmaceuticals and
illicit drugs

Metformin and its
transformation product
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BDD Ultra-Micro IDE Tyndall

National Institute
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Detection of Granisetron Tyndall

National Institute
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Conclusion & Acknowledgements Tyndall

National Institute

* Silicon chip-based chemical and biochemical sensors are
being developed that can provide input into digital
support systems.

« Significant commercial opportunities exist for new and
disruptive technologies in the Agri-Food / Environmental
sector

* In-situ pH control is opening the door to otherwise
difficult to measure problem statements

« PEN group: Students, Post Docs and Staff

« Ridwan Adib, Shane O'Sullivan, Sana Muzaffar Richard
Murray, Han Shao, Tarun Narayan, Kathleen Kennedy, lan

Seymour
g\ Department of o
L4 )/ fesomane 3 ENTERPRISE Rl
, , " Haimhaiochta, IRELAND e
V|StaM|lk Bia agus Mara & :

;i Taighde Eireann
Research Ireland
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BioSensei: Cell Based Sensors Project

- Underlying Sensing Principle BT;-'}ASense?

Electrochemical detection of
Chemical signals

\ Detection of hard
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Fluorescence detection of
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