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Recent research projects include;
Å Integrated Photonic Crystal Devices
Å National Hub in High Value Photonic Manufacturing
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Founding 
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the Russell 

Group

Top 80 
university in the 

world*

Founded 
in 1862Welcome!



Ṑ World-class arts venues host 
major artists and rising musicians, 
touring West End productions and 
open mic nights

Ṑ Annual celebrations: Southampton 
Pride, artand cultural festivals,
marathon and Christmas markets

Ṑ An independent scene, fromlocal 
makers to global flavours

Ṑ Safe, walkable city

Ṑ E-scooters and e-bikes available to 
rent across the city

Recognised for 
its safe and vibrant 
nightlife with 
Purple Flag status

Southampton is 
ranked as the 3rd 
most liveable city in 
the UK*

One of the most vibrant and exciting 
student -friendly cities on the south 
coast

*PWC Good growth for cities scores 2024



Delhi Campus 
Opening 2025

Highfield Campus Waterfront Campus Boldrewood Campus

Malaysia CampusWinchester CampusAvenue Campus University Hospital 
Southampton

City Centre Campus

ṐTop 80 university in the world*

ṐHome to over 24,500 students, and over 7,800 international students

Ṑ9 campuses across three countries

Ṑ *QS World University Rankings, 2025



Ṑ Incredible facilities support our 
world-leading research

ṐWe invest millions in our 
research facilities, to ensure our 
students, staff and 
collaborators have access to 
the best equipment

ṐKnowledge transfer is at the 
heart of our teaching

Unique waterfront 
campus at a world-
renowned research 

centre for marine and 
geosciences

State-of-the-
art Financial 
Laboratory

trading room

One of the largest 
anechoic 

chambers in any 
UK university

360-degree 
immersive AV 

centre  in our Digital 
Humanities facility

Wind tunnel 
complex , used 

by Formula One 
and Olympic 

athletes

£3m 
purpose-

built 
archaeolog

y
labs
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ECS Facilities

Å Tony Davies High Voltage Laboratory
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Southampton Nanofabrication Centre

Å £120m investment in the UK science and technology

Å One of Europeõs leading multidisciplinary cleanroom facilities 

in Nanotechnology, Bio -MEMS, and Photonics
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Activities in Electronic Systems

Nanofabrication 

services

Consultancy

Industrial 

funding 

applications

ÅPrototyping and 

piloting

ÅCleanroom training 

and access

ÅFabrication and 

characterisation

ÅBridge industry 

and academia

ÅIncrease TRL

ÅInnovate UK, DSIT, etc
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Southampton Nanofabrication Centre

Commercial Users



www.zeplerinstitute.com

Southampton Clean Room

1800 m2 Facilities

Å680m2 nanofabrication clean room

Å121m2 bioelectronics clean room

Å118m2 DUV scanner / Cornerstone room

Description

ÅFlexible nanofabrication facility

ÅNanomaterials, 

Ånanophotonics, 

Åplasmonics, biomimetics,

Å photovoltaics, 

Åbiosensors, 

Återabit data storage, 

Åmicrosystems, lab-on-a-chip, 

Åquantum information processing



www.zeplerinstitute.com

Cleanroom Outputs and Impacts

Dr Kian S Kiang 11

Cleanroom 
Research

Scaled-up silicon 
quantum electronics

Nanoscale spin valve 
current device

(IOP Select)

Integrated 
biosensor system

First SOI solar 
thermoelectric MEMS

(IOP Select)

Planar photonics
bottle micro -resonator

High power 
Light Emitting Device

Silicon photonics

Further information: Tel: +44 (0)23 8059 8099 | Email: zeplerinstitute@southampton.ac.uk
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Southampton Nanofabrication Centre

Capabilities

Å Soft masking (stepper, e -beam, optical 

lithography)

Å Deposition and growth (CVD, e-beam 

evap., sputter, ALD, stack furnaces)

Å Dry (DRIE, ICP, RIE) and wet etch, HF VPE

Å Characterisation (FIB, SEM, TEM, 

profilometry, ellipsometry, XRD, EDX)

Å Backend (bonding, 

singulation, 

wirebonding , 

packaging, CMP)
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Southampton Nanofabrication Centre

Applications

Å MEMS Transducers

Å GaN Power Transistors

Å Si-photonics

Å III-V LEDs and lasers

Å Ge IR detectors

Å Optical Gratings

Å Dicing Free Singulation

Å Backend (wirebonding, 

packaging, singulation, CMP)



www.zeplerinstitute.com

Technology Node Roadmap

Dr Kian S Kiang Further information: Tel: +44 (0)23 8059 8099 | Email: zeplerinstitute@southampton.ac.uk 14

https://www.tsmc.com/english/dedicatedFoundry/technology/logic

Jeol  A9

Jeol  8100FS

Nikon scanner

EVG contact Aligner



The Cornerstone Project

ï Silicon Photonics Capability 
based on DUV Photolithography ï

Stevan Stankoviĺ 

PSCS Group Day,
19th January 2017



What is CORNERSTONE?

ÅLicense free, open-source 
silicon photonics foundry

ÅMultiple platforms for visible, 
telecom and mid-IR 
wavelengths

ÅCollaboration between the 
Universities of Southampton & 
Glasgow in UK

Pick-and-place of 
light sources

Ge-on-Si

DUV lithography 
service

Suspended Si
Silicon nitride

Flip-chip + 
wire bonding

www.cornerstone.sotonfab.co.uk

Multiple 
SOI 

platforms

http://www.cornerstone.sotonfab.co.uk/


Nikon Scanner ï details

Ɇ Model: NSR-S204B

Ɇ Refurbished scanner (donation from Intel 
Corporation)

Ɇ Reduction ratio 1:4

Ɇ Configured for 200 mm wafers

Ɇ Light source: KrF laser at 248 nm

Ɇ Resolution: 180 nm

Ɇ NA: 0.68; Exposure field size: 25 x 33 mm

Ɇ Reticle size: 6 inch x 6 inch

Ɇ Depth of focus @ 180 nm: 500 nm

Ɇ Stepping precision (3s): 20nm

Ɇ Throughput: 120 wafers per hour



Å Two standard SOI photonic platforms:

- 220nm Si/2mm BOX and 340nm Si/2mm BOX
- possibility to add a third platform: 500nm Si/3mm BOX to support work on 

Mid-IR devices

Å Up to 6 passive devices and up to 2 active devices fabrication runs 
per year

Å Standard design cell size: ~ 11.4 mm x 4.9 mm

Å Addition of a single patterning step based on EBL (resolution 
enhancement) 

Cornerstone Project      
- what is offered?



Open source process design kit

ÅWe have an open source 
PDK in GDS format 
available on our website

ÅPDK also available with 
Luceda Photonics

ÅPDK contains several 
commonly used 
components for all 
platforms

ÅUsers have the ability to 
add their own components 
to our PDK if desired



Current Works
Hellios precision dielectric 

sputtering system 

Material deposition and optical loss reduction



Thin film precision filters
Buhler Hellios sputtering system

Å Applications:

ï Raman filters

ï Notch filters

ï WDM filters

ï Colour filters

ï Laser facet mirrors

ï Low dispersion filters

ï Micro-cavity / DBR mirrors

ï Arrayed Waveguide Gratings

ï Non linear optical waveguides / Lasers

Main chamber

Loadlock

Bar magnetron

11x8ò wafers per run

uniformity variation <1%



Hellios material processes
Å Materials

ï Si
ï Si02

ï SiN
ï SiOxNy

ï Nb205

ï Ta205

ï TiO2
ï Y203

ï Al203

ï AlN
ï Zr02

Å Advantages:
ï Ambient temperature process (almost)

Å Can deposit even onto plastic !

ï No need for post anneal of most materials
ï Good control over stochiometry
ï Able to grow low loss optical waveguides very quickly.

Å Dep rates upto 1nm / sec
Å Ta2O5 loss = 0.5dB /cm @633nm

ï Able to make alloyed materials (metal ς metal) 
ï ¢ƘƛŎƪƴŜǎǎ ŀƴŘ wL ǾŀǊƛŀōƛƭƛǘȅ ғм҈ ƻǾŜǊ сέ ό Ҕфл҈ ŦƻǊ уέύ
ï Can also make highy polycrystaline materials !

Å Not yet explored but have to be interesting application in electronics

ï By co-sputtering can make graded RI materials

Ta2O5

TiO2

Hellios co-sputtered SiOxNy
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Hellios  sputtered waveguide films 
(Stuart Pearce EPSRC funded project)

Surface & Coatings Technology 206 (2012) 4930 ï4939



Å 144 nm BW at 450

Å 180 nm BW at 00

Å 725 nm center l

Å Ta2O5 + SiO2 layer pairs

Å Optimsed 41 layer design 

Å Borosilicate Glass substrate

Å Top ï simulation

Å Bottom - experiment

Broadband reflection filter
(Proc. of SPIE Vol. 8263 826314 -6)



Å  Dielectric Distributed Bragg Reflector mirrors grown on SiO2 substrate.

(i)   Micro cavity / Organic quantum well semiconductor 

(ii)  Simulated and deposited Bragg mirror (top reflector)

Hybrid organic -inorganic micro -cavity LED 
(Proc. of SPIE Vol. 8263 826314 -6)



Plastic coated waveguide sensor
(Jussi Hultingen VTT visitor, Stuart Pearce)

Å shift in effective index as a function of adsorption layer thickness 

Å Ta2O5 layer thickness of 0 nm, 100 nm and 140 nm. 

Å Ta2O5 layer causes optical 
field to become localised at top 
surface of waveguide

Å Mode interacts strongly with 
surrounding air.

Å Transmission properties very 
sensitive to environmental 
conditions

Å Sensor application

Å Laser application if correctly 
doped with rare earth ion.

Å Plastic waveguide

Å Manufacture:
ï nano-imprint (thermal embossing) 

ï Hellios sputtering (Low temperature process)

Applied Physics Letters 98, 111113 (2011)



SEM ς Helios Y2O3

XRD - Y2O3 SEM ς  Helios Er:Ta2O5

Fluorescence at 551nm 
 ς Er:Ta2O5

Upconversion Laser 
(Stuart Pearce EPSRC funded project)

Journal of Vacuum Science and Technology  A 28, 1388 (2010)

Å AIM: ñIdentify host material for green upconversion laser:

Å Need:
ï low phonon energy for gain-providing Rare-Earth element.

ï low-loss

ï Rib / ridge (nanowire) waveguides

Å Y2O3, TiO2, ZrO2:
ï Polycrystalline

ï No waveguiding at 551nm. 

Å Ta2O5: 
ï amorphous, 

ï waveguiding at 800nm and 551nm 

ï host for Erbium ion.

Å Er: Ta2O5 ï ridge waveguides, 
ï fluorescence at 551nm, 

ï Laser gain experiments  in progress - signs of +ve gain !.

ά5ƻǿƴŎƻƴǾŜǊǎƛƻƴέά¦ǇŎƻƴǾŜǊǎƛƻƴέ



Ta2O5 waveguide ï ICP Etch

Chromium

Gold

Ta2O5

Å Approximately 90ę sidewall 
angle profile 

Å Smooth sidewall angle
Å Etch rate : 60nm~ 80nm/min

Remaining 
Cr layer

Remaining 
Ta2O5

SiO2

386.5nm wideTa2O5 
nanowire waveguide

J. Vac. Sci. Technol. A, Vol. 32, No. 4, Jul/Aug 2014



New opportunities for 
manufacturing , AI, and 

quantum-electronics

Prof Martin Charlton
Electronics and Computer Science

JEOL E-Beam Lithography suite  Launch event 
29/4/2024


