Scotland’s Critical
Technologies
Supercluster

Scottish Government

Suresh Kumar

Deputy Director for Innovation and
Industrial Transformation

3
i
\
.-.:ajilF §§~
. . )
> 5! ol " :
o el TS S , o
e HRRHET
F ittt ten ity E 133
riiteiateiate ik $iisisiass
4 “1: . LSRR e s LI R e il el
g ::“74:" i by
13 . ¥ e
‘" 2rETasisy ) g .'q"
o T . ;
. ',: wz
oL
SR
Ll
" -,
. '?{"v'gof d

Innovate Business

UK Connect




Scotland’s
Critical Technologies
Supercluster

Suresh Kumar, Deputy Director, Industrial Transformation Scottish Government

Riaghaltas na h-Alba
Scottish Government gov.scot



a )

O—

UK

T

f@:;; Semiconductors
d4%

Scotland has the most diverse semiconductor cluster in the

Semiconductors have been manufactured in Scotland for
over 50 years. Today, compound & analog
semiconductors are fabricated in Scotland for global
markets.

Varied supply chain in Scotland (wafers, equipment,
design software) serving Europe.

Strong analogue and mixed signal design community in
Edinburgh.

Groundbreaking academic research producing innovative
spin-outs.

Scottish Government
Riaghaltas na h-Alba
gov.scot

Scotland’s
Critical Technologies
Supercluster

Diodes 200mm
silicon digital,
analogue and mixed
signal wafer fab in
Greenock,
employing 300 staff

Billions of
smartphones use
components
developed in
Scotland for auto-
focus, music and

cryptography.
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Photonics & Quantum + Scotland’s

Critical Technologies
Supercluster

Scotland is home to a world class cluster in photonics:

e f£1.5bn industry.

e Supporting 7,500 highly skilled jobs.

* Photonics Scotland

Scotland has an ambition to create a billion-dollar quantum industry:

e 2 of the 5 UK National Quantum Hubs are led from Scotland
(Scottish institutions active in all 5).

* World leading capabilities in quantum component/device
development and manufacture.

e Greater Glasgow quantum cluster ranked 5th in the world due Magneto Optical Trap Grating
collaboration and brokerage capability. Manufactured by KNT

Developed by KNT, NPL, University of Strathclyde,
University of Glasgow and Imperial College



Research and Development

Five high-ranking research
universities working across the
Critical Technologies

Five nanotech / semiconductor
research fabs

W Scottish Government

Riaghaltas na h-Alba
gov.scot
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Scotland’s
Critical Technologies
Supercluster

Several Research and Technology
Organisations e.g., Fraunhofer Centre
for Applied Photonics

R&D grants available from UK and
Scottish governments
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Critical Technologies Supercluster

Scotland’s
Critical Technologies
Supercluster

£339m
R&D
Investment

11,500
employees



Our mission

Exploit Scotland’s existing
strengths and synergies
across critical technologies

to achieve
turnover by 2035, creating
additional high-quality
jobs



Scotland’s
Critical Technologies
Supercluster

Thank you

Scottish Government
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gov.scot
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How NPL Supports the UK
and Global Semiconductor
Ecosystem

National Physical Laboratory

Professor Fernando Castro, FInstP
FIMMM,

Department Head of Science -
Materials and Semiconductors, NPL
Fellow

Innovate

UK

Business
Connect
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National Physical Laboratory

Metrology to support innovation _,.
and global trade of Semiconductors } :

Prof Fernando Castro
Dept Head of Science (NPL)

Chair - European Metrology Network on Advanced Manufacturing (Euramet)

Chair — Versailles Project on Advanced Materials and Standards (VAMAS)

fernando.castro@npl.co.uk

Global Innovation Network 2026 — UK Landscape Part 1

......

06 October 2026
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Trust in measurement is critical

Bad process? Good process?

Two spatial maps above are from the same semiconductor device!!!
Only 1 measurement parameter was different
Which map is correct?

fernando.castro@npl.co.uk



Metrology provides confidence to NPLE
accelerate innovation and support trade

_ Market Production
>

Enabling new ideas & . T Demonstrating product Efficient production
concepts to be Tesling & validating performance Quality control
ARAARAR new technologies & iy . ;
LEEERT T | | developed & products Developing industry & Compliance with
P understood product standards standards & regulation

| | |

Innovation
!
Improved productivity

Reliable and reproducible measurements and
Inspection provide trust between research
partners, within industry and across supply chains

fernando.castro@npl.co.uk



National Physical Laboratory

126 Years providing confidence in measurements

A National Laboratory and the UK’s National
Metrology Institute (NMI) founded in 1900

Provides the measurement capability that
underpins UK prosperity and quality of life

Public Corporation and Public Sector
Research Establishment owned by BIST

1400+ staff
200+ visiting researchers

Provide independent & impartial advice to
government, the public and private sector

World-leading breadth & depth of science,
engineering & metrology expertise
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What we do

Glasgow

Strathclyde University
[quantum, fin-tech,
advanced manufacturing]

&

5G Innovation Centre
[future telecoms]

NPL locations

Huddersfield

Huddersfield University
[advanced manufacturing]

Cambridge

Cambridge University
[data]

TEDDINGTON

National Physical
Laboratory

. Excellent Science

O Highest point of reference
O Unique facilities

National Challenges

0 Accelerating R&D and innovation
O Improving quality of life
O Enabling trade

International Leadership

O International representation
O Foresighting
O Future metrology challenges

WV
vy [B S0 4n, VY
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BIPM VAMAS



Impact from science (examples) NPL B

Commercial advantage Faster Innovation Develop Skills

Rolls-Royce has trained over
1,900 of its staff in NPL
Measurement training and works
closely with the NMS to implement

best practice
fernando.castro@npl.co.uk

NPL'’s expertise and novel NPL on-wafer test facility and

methods helped Rina UK expertise saves money and helps
assess financial risks of new innovation. Working with NPL,

solar tech and deliver Filtronic accelerated development
deployments worth >£100M + of new product lines.
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Impact for UK Industry

Impact case studies

- Provmghre technology
: that wi nderpm the
' UK’s natloi\?,l spaceflight

services ' =4
€
NPL identified challenges ﬁ Increasi

feeds, supporting space launches acr
beyond. |

New subcellular
imaging to support
pharmaceutical
innovation
NPL has developed a new in Developing
-3 TeChniquedo reduce atrition jnnovative materials
v i e Y. for low-cost 3D

medical imaging

Adaptix has developed a solution to
the combined shortcomings of
existing technglogies: a novel X-ray

Source tlyt*;wsiw-coﬂ, truly

https://www.npl.co.uk/case-studies

. 1,000+ businesses directly supported every year

75,000+ businesses indirectly supported every year
400+ businesses “regularly supported” every year

Regularly supported firms attribute to NPL.:

an extra 6.3 employees annually

a wage premium of £4,080 for each new employee
Total benefit to the UK economy >£340m pa
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Converging trends driving next generation
semiconductor innovation

COMPLEX DEVICE
ARCHITECTURES

Pushing the limits of scaling
and performance

Expanding the performance
envelope beyond silicon

Complex Stacks

Nanosheet
Transistor NAND

GAA / Nanosheets « 3D Devices

Complex

Stack

2D Materials

SiC « GaN « [lI-Vs ¢ 2D Materials
Perovskites « High-k / Ferroelectrics

ADVANCED | HETEROGENEOUS
MATERIALS INTEGRATION

Bringing diverse functions
together in new ways

Perovskites High-k /
Ferroelectrics

Photonics
Integration

Chiplets ¢ 3D Integration
Photonics * Advanced Packaging

Advanced

Packaging

fernando.castro@npl.co.uk
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Trends in semiconductor metrology NPL

Ve Sy F s N

@ 1. MEASURE MORE " /AA) 2. MEASURE DIFFERENTLY 3. CONNECT SCALES % 4. TURN MEASUREMENT
‘\ Materials, interfaces, v Hybrid, multimodal, in-line, ~/  Atomic — device — chip - INTO KNOWLEDGE
Data fusion, modelling, uncertainty,

structures and properties operando and 3D measurements package — system
Al/digital metrology and traceability

Models Uncertainty Al / Machine Learning  Traceability

L Nanoscale-to-wafer scale metrology for materials & devices
O Digital metrology for semiconductor manufacture

O In process monitoring and hybrid metrology

1 Defect and failure analysis

L Metrology for emerging materials and structures (3D Nanostructures,
2D materials, organic/hybrid, ultra-wide bandgap...)

fernando.castro@npl.co.uk
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TRADITIONAL ROLE
Downstream - verifying
what we manufacture

METROLOGY

Trusted measurements at every stage

>>D.

Changing role of metrology

EXPANDED ROLE

Upstream - enabling
what we can design
and manufacture

fernando.castro@npl.co.uk
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« Extensive consultation with >500 experts over 3 years.

* UK workshops & roadshow with Industry and Academia

2026 KOREAUK 2%

on Advanced Mmmé’nd Standa
e
OATH 20260712 v.;h'e::g- 3 Urveaeaiy Owyong Al Cuitor 125

 International engagement and workshops with semiconductor
experts across 30 meetings in 12 countries

Notionsl Physical Labaratery

UK priorities in semiconductor
metrology and standards
to drive innovation and growth

npl.co.uk/research/semiconductor-metrology
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NPL semiconductor metrology

e Composition & chemistry

¢ |nterfaces & thin films

OPTICAL & PHOTONIC

e Spectral response

e Raman / Photoluminescence

TRACEABILITY

Linked to national &
international standards

MATERIALS & SURFACES

e Contamination & depth profiling

e Detectors, emitters & photonics

NANOSCALE
PROPERTIES

e Structure & dimensions
* Nano positioning calibration

¢ Advanced multimode SPM

Hybrid and Digital Metrology

THE NPL METROLOGY FOUNDATION
UNCERTAINTY REFERENCE METHODS

& MATERIALS

Validated methods and
reference standards

Quantified & transparent
measurement confidence

RF, mm-WAVE & THz
* On-wafer measurements
* S-parameters & impedance '
* Power, gain, phase & noise
up to 750 GHz

ELECTRICAL &
ELECTRONIC

e |-V & electrical transport
e Carrier concentration & mobility

¢ Cryogenic measurements

THERMAL & RELIABILITY

¢ Temperature & thermal mapping
¢ Interconnect reliability

e Accelerated aging &
failure analysis

INTERLABORATORY STANDARDS
COMPARISONS @ & IMPACT

Global equivalence & Enabling innovation,

measurement capability trade & societal benefit

fernando.castro@npl.co.uk
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Film thickness and Fast spectral PL imaging  Cryogenic electronic Chemical depth-  Advanced scanning probe
composition, including technology (patented tech) ~ measurements for  profiling, film thickness  and high speed AFM

quantum circuits and composition

at subsurface

Mapping sheet
resistances for
200mm wafers

UV photoluminescence RF on-wafer Validating wafer stage .
< iImaging - wafer scale measurement positioning technology Contactless coqduct|V|ty Quality assessment
compound semicon. (750 GHz in ambient, and sheetresistance o 5y semiconductors

40 GHz cryogenic) (patented tech)

MCT-001, Issue 1, July 20
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A few examples of recent NPL’s UK collaborations

Novel Power Materials

SiC and diamond. Etching, polishing

and material quality.
OXFORD

INSTRUMENTS

UNIVERSITY
Qg O WARWICK

RIEIN[A
[ J

( Material property )
measurement
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elementsix.

DE BEERS GROUP

SiC Device Reliability

(" Device reliability )
standards
High voltage testing of SiC MOSFET
for automotive reliability standards. @
WY R Svenses — o
VISHAY. Y Custom _
fisgel  LUSOM) W
ertawe

RF Performance

GaAs/GaN RF module performance

| Novel Photovoltaic Materials

(Next-generation device )
performance testing

Wide-angle and low-light response for

testing for high-speed satellite comms @o@ perovskite photovoltaics @ Swansea
_ HENRY ".".° \‘.;VKK University
L [ POWER =y, Prifysgol
viP=={/er  AMKEYSIGHT ROTCE |\ - J )\ ROLL Abertawe
Optoelectronic Quality Control 58 UNIVERSITY OF (" Process metrology )
. o P CAMBRIDGE and in-line inspection
MicroLED spectral emission measurements for s
passivation process improvement —— :_:,_
POROTECH  R|E|N|A|, it

\. J
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International Collaboration Opportunities

O Validate methods for emerging semiconductor technologies
O Engage in setting standards
O Build global collaborations

NPL currently leads

0 VAMAS - global pre-standards organisation

O Chair of BSI Committee on Standards for Semiconductors

0 UK Experts in IEC, ISO and many other standards committees

L Chair - European Metrology Network on Advanced Manufacturing

TRUST TURNS MEASUREMENTS
INTO INFRASTRUCTURE

[ Traceable <+ Reproducible + Comparable J

New VAMAS Technical Working Area (TWA 46)

\/
V on Semiconductors recently launched

Project opportunities available E}}*ﬂ: 2

VAMAS

"E
For information contact www.vamas.org info@vamas.org E]‘im%.

UK-Taiwan semiconductor
metrology program

Collaboration opportunities
Contact: fernando.castro@npl.co.uk
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Final remarks

NPL supports academia and businesses through:

. Advanced measurement science

E Testing, characterisation and validation services
Standards development and quality assurance
Reliability testing and performance verification

- Access to specialist expertise and facilities

. National and Global networks

.\'_ SCIENTIFIC MEASUREMENT TRUSTED
‘Y POSSIBILITY SCIENCE TECHNOLOGY
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fernando.castro@npl.co.uk

NPL

National Physical Laboratory

npl.co.uk

© NPL Management Limited, 2025
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Thank you!

Register to our Global
Innovation network and join
our community
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