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Microfabrication facilities at
Southampton University

University of

Southampton

PROFESSOR MARTIN CHARLTON
Professor of Photonics and Nano -Electronics

Recent research projects include;

A Integrated Photonic Crystal Devices OUNDING

A National Hub in High Value Photonic Manufacturing MEMBER OF THE
RUSSELL
GROUP
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University of
Southampton

A WELCOMING CITY

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

O World-class arts venues host
major artists and rising musicians,
touring West End productions and

ic ni L Y | . Recognised for
open mic nights E & | S Z its safe and vibrant
: A nightlife with
O Annual celebrations: Southampton . Purple Flag status
Pride, artand cultural festivals, - . :
marathon and Christmas markets Southampton is
ranked as the3"
o An independent scene, fromlocal most liveable city in
makers to global flavours
O Safe, walkable city
O E-scooters and e-bikes available to

rent across the city

*PWC Good growth for cities scores 2024
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Campus

Avenue Campus University Hospital Winchester Campus Malaysia Campus
Southampton

O Top 80 university in the world*
O Home to over 24,500 students, and over 7,800 international students

O 9 campuses across three countries

>

O *QS World University Rankings, 2025



WORLD-CLASS

“ University of
: “~3 Southampton

FACILITIES

O Incredible facilities support our
world-leading research

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

O Knowledge transfer is at the
heart of our teaching

Unique waterfront State-of-the- One ofthe largest 360-degree Wind tunnel
campus at a world- art Financial anechoic immersive AV complex, used purpose-
renowned research Laboratory chambers in any centre in our Digital by Formula One built
centre for marine and trading room UK university Humanities facility and Olympic archaeolog
geosciences athletes y
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ECS Facilities @Southampton

A Tony Davies High Voltage Laboratory




Southampton Nanofabrication Centre
A £120m investment in the UK science and technology

A One of Europeds |l eading
iIn Nanotechnology, Bio -MEMS, and Photonics
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o _ _ @Sgﬂ\fﬁgmpton
Activities in Electronic Systems

ABridge industry
and academia
Alncrease TRL

APrototyping and
piloting

ACleanroom training
and access

AFabrication and

Nanofabrication
services

characterisation

Industrial
funding
applications

Alnnovate UK, DSIT, etc
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Southampton Nanofabrication Centre

Commercial Users

pec ses  NPLE

{YNANOPORE

National Physical Laboratory

ZETEX  HMGCC (@]
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Imperial College diamond
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ZEPLER Southampton Clean Roo )

INSTITUTE

Bioelectronics

Thick Film

Descripiion

/Flexible nanofabrication facility
/Nanomaterials,
/anophotonics,

fplasmonics, biomimetics,

1800 n? Facilities ﬁophotovoltaics,
: : 10Sensors,
/680n? nanofabrication clean room Kerabit data storage,

A21n? bioelectronics clean room Jmicrosystems, lab-on-a-chip,
/118n? DUV scanner / Cornerstone room fquantum information processing

Nanofabrication
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IquFIrF LVFE www.zeplerinstitute.com

Cleanroom Outputs and Impacts

2

Scaledup silicon
guantum electronics

First SOI solar
thermoelectric MEMS
(1OP Selec)

Nanoscale spin valve
current device
(IOP Selec)

Silicon photonics

Integrated
biosensor system

Planar photonics
bottle micro -resonator

High power
Light Emitting Device

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

Capabilities
A Soft masking (stepper, e -beam, optical
lithography)

A Deposition and growth (CVD, e-beam
evap., sputter, ALD, stack furnaces)

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

A Characterisation (FIB, SEM, TEM,
profilometry, ellipsometry, XRD, EDX)

A Backend (bonding,
singulation,
wirebonding
packaging, CMP)
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Southampton Nanofabrication Centre
Applications

MEMS Transducers
GaN Power Transistors
Si-photonics

llI-V LEDs and lasers
Ge IR detectors
Optical Gratings

Dicing Free Singulation

Backend (wirebonding,
packaging, singulation, CMP)

s

University of

outhampton
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Technology Node Roadmap
-
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https://mww.tsmc.com/english/dedicatedFoundry/technology/logic

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



Optoelectronics
Research Centre

UNIVERSITY OF

Southampton

The Cornerstone Project

I Silicon Photonics Capabillity
based on DUV Photolithography 1
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PSCS Group Day,
19" January 2017
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What is CORNERSTONE?
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ALicense free, open-source

.- . | Multiple
silicon photonics foundry )

SOl
| platforms

AMultiple platforms for visible,
telecom and mid-IR
wavelengths

Pick-and-place of
light sources

DUV lithography
service

AcCollaboration between the
Universities of Southampton &

Glasgow inUK ==
Flip- ChIQ +
wire bonding

www.cornerstone.sotonfab.co.uk

Susgendd Si |

Silicon nitride

University of
@Southampton


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

Nikon Scanneri detalls

™ ™
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™

Model: NSRS204B

Refurbished scanner (donation from Intel
Corporation)

Reduction ratio 1:4

Configured for 200 mm wafers

Light source:KrF laser at 248 nm
Resolution: 180 nm

NA: 0.68; Exposure field size: 25 x 33 mm
Reticlesize: 6 inch x 6 inch

Depth of focus @ 180 nm: 500 nm
Stepping precision (¥): 20nm
Throughput: 120 wafers per hour

EPSRC

E ngine:

ering and Physical Sciences

eeeeee h Council

UNIVERSITY OF

Southampton
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Cornerstone Project
- what is offered?

A Two standard SOI photonic platforms:

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

Mid-IR devices

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

Standard design cell size: ~11.4 mm x 4.9 mm

o I

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

EPSRC

Engineering and Physical Sciences
Researc h Council




Open source process design kit CORNERSTON

LUCEDA

OOOOOOOOO

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

APDK also available with
Luceda Photonics

APDK contains several
commonly used
components for all
platforms

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

University of
@Southampton



Helliosprecision dielectric

sputtering system = A

Material deposition and optical loss reducti

UNIVERSITY OF

Southampton

NANO RESEARCH GROUP School of Electronics
and Computer Science




Thin film precision filters SotiampEon

. . and Computer Science
BuhlerHelliossputtering system

NANO RESEARCH GROUP

11x80 wafers u
uniformity variation <1%

E————

A Applications:
I Raman filters
I Notch filters
I WDM filters
i Colour filters
I Laser facet mirrors
|
|
|
|

Low dispersion filters
Micro-cavity / DBR mirrors
Arrayed Waveguide Gratings
Non linear optical waveguides / Lasers




Helliosmaterial processes

Hellios co-sputtered SiOxNy

A Materials
i Si L

2.4 p—t

Sio ¥
SiN 22 4 I
SiQN,

0.001

r 0.0009

- 0.0008

00007 =

NDb,0s

Refractive Index, n

TiO2

Refractive index (n)

xtinction coefficient (|

Y203

AlO,
AIN
ZrG,

|
1
1
1
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I Ta0g
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300 500 700 900 1100 1300 1500
wavelength (nm)

A Advantages:
I Ambient temperature process (almost)
A Can deposit even onto plastic !
I No need for post anneal of most materials
I Good control ovestochiometry

I Able to grow low loss optical waveguides very quickly.

A Dep ratesupto 1nm / sec
A Ta205 loss = 0.5dB /cm @633nm

i Able to make alloyed materials (metaimetal)
i ¢CKAOlYyS&aa FyR wlL
I Can also makhkighypolycrystalinematerials !

A Not yet explored but have to be interesting application in electronics , |

I By coesputtering can make graded RI materials

G NA I 0Af A

Refractive Index

Reﬁ:c‘tive Index

1.66 4

1.65+

164

——85kW
--- 4.0 kW

AlLO,

2.24
2.23
2.22 4
2.214
2.20
2.194
2184
217 1
2164

T T T T T
400 600 800 1000 1200
Wavelength (nm)

Ta,05

2.70 1
2.654

2.604

2.50+

500 600 700 800 900 1000

TiO,
SNJ cé

500 600 700 800 900 1000



Hellios sputtered waveguide films
(Stuart Pearce EPSRC funded project)

Surface & Coatings Technology 206 (2012) 4930 14939

Table 1
Reactive sputtering process parameters for each metal target. The argon flow rate in the cathode target was kept constant at 35 sccm and the additional plasma source was constant
at 1.5 kW power and 15 sccm oxygen.

Material M203 Tﬂzog, TiDz Y203 ZI'DZ
Sample no. (i) (ii) (iii) (i) (ii) (i) (ii) (i) (ii) (i) (ii) (iii)
Cathode O (sccm) 30 20 10 725 37 20 10 164 6.3 53 27.6 12.2
Cathode power (kW) 8.5 41 26 85 4 4 2 4 2 85 4 2
Lambda voltage (mV) 340 306 315 3794 384 381.9 345
Thickness (nm) 556 352 564 732 770 480 509 664 715 525 614 720
Deposition rate (nm/s) 0.371 0.234 0.128 0.732 0.385 0480 0.255 0332 0.179 0.525 0.307 0.18
Roughness RMS (nm) 0.199 0211 0.239 0179 0.186 749 7.40 0375 0.643 0.878 0.982 196
Refractive index
500 nm 1.671 1658 1.656 2230 2.238 2.680 2.674 1959 1.958 2.246 2242 2262
800 nm 1.658 1.646 1.643 2.162 2171 2.505 2493 1930 1.928 2204 2195 2212
1000 nm 1.655 1.644 1.641 2.150 2.159 2479 2.466 1923 1.921 2.196 2,185 2202
Waveguide loss (dB/cm)
633 nm 35 50 26 1 1 - - - - - - -
833 nm 15 10 6 1 1 - - - - - - 19
1320 nm 10 10 5 1 1 - - 2 3 - 18 10
1552 nm 10 10 4 1 1 - - 2 4 - 11 5
Atomic ratio 1.81 1.80 1.77 317 3.27 204 2.06 215 247 3.14 277 274




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

Transmittance [*%:]

20,04

10.0

0o T T T T 7 = T T T T . g
490.0 526.0 a62.0 598.0 624.0 670.0 706.0

Wavelength [nm]

==

742.0 7780 a14.0 aa0

100 I I I I I
90
80
70
60 —

2 50—
40

30

To To To Do Do Iw

To

144 nm BW at 4%

180 nm BW at 0

725 nmcented

Ta205 + SIO2 layer pairs
Optimsed41 layer design
Borosilicate Glass substrate

Top 1 simulation

Bottom- experiment



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

. . . —— Deposited
Dielectric DBR (9 periods) . - - - Simulated
100

aggregate 80 -
p* doped AlGaAs 60

40

Transmission (%)

QWs

n* doped DBR

20 +

Transmission (%)
> -

Wavelength (nm)

T ¥ T ¥ T 1) T 3 T L) T % i i, T L 1
300 400 500 600 700 800 900 1000 1100
Substrate Wavelength (nm)

@) (ii)

A Dielectric Distributed Bragg Reflector mirrors grown on SiO2 substrate.
(i) Micro cavity / Organic quantum well semiconductor
(i) Simulated and deposited Bragg mirror (top reflector)



Plastic coated waveguide sensor
(JussHultingenVTT visitor, Stuart Pearce)

Applied Physics Letters 98, 111113 (2011)

output ’

b) /Ta0, 210 E
g
Core 1.54 =
input %
Cladding = ]
€
20
Substrate © 4
R c
A Plastic waveguide =2
.
A Manufacture: ) “Distance (um)
| nano-imprint (thermal embossing)
T Hellios sputtering (Low temperature process) A Ta205 layer causes optical

field to become localised at top
surface of waveguide

E 10-1 [
13 3 1o b) [TEEM
2 0% = A Mode interacts strongly with
g % 102} 100n surrounding air.
£ 10° @ ¢ . - .
S 80 © qoaf 140NM A Transmission properties very
B 40 104 = sensitive  to  environmental
S 5 104k onm conditions

5 50 500 5 _ 50 500 A Sensor application

Adsorption layer thickness (nm) Adsorption layer thickness (nm)
A shiftin effective index as a function of adsorption layer thickness A Laser application if correctly

doped with rare earth ion.
A Ta205 layer thickness of 0 nm, 100 nm and 140 nm.



Upconversion Laser
(Stuart Pearce EPSRC funded project)

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

A AIM:f | d e most mdteyial for green upconversion laser: ;
ariorg P SEM Helios YO,
A Need:
i low phonon energy for gain-providing Rare-Earth element.
T low-loss
i Rib/ridge (nanowire) waveguides 4500 ﬁ g : 3
, , = 5 A& NI 2 pyEf K € doon] T S e @)
6526y 02y 0SNE ARy G, ™
6 g 2 30004 (f)
e_r'_sz 5—‘: ;::?n < 2500 i N )
N i & 2000 A &
32 5 e S e S N (d)
5 - 3 15001
E E E » D 1000 f (©)
o (S o el N, o (8)
5 in 0 20 30 40 50 60
3 4 Diffraction Angle, 26
g— F 4 1 i i |
Vb3 2 IE CEE lisn = m e m————— — . B e T
HEEE 1
| | O O '
A Y;04, TiO,, ZrO;: Aty yag |
i Polycrystalline R h
i Nowaveguiding at 551nm. ---/
A Ta,0.:
i amorphous,

i waveguiding at 800nm and 551nm
i host for Erbium ion.

A Er:Ta,O: i ridge waveguides,
i fluorescence at 551nm,
i Laser gain experiments in progress - signs of +ve gain !.




Cy Southampton
Ta205 waveguidei ICP Etch _ sl

and Computer Science

NANO RESEARCH GROUP

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

Tilt Angle = 35. EHT = 10.00 kv ESB
WD = 9.1 mm

oV
FIB Lock Mags = No
e Int. Busy  FIB P OKV-00 pA  System Vacuu

Stage atT= 55.0° TiltAngle= 35.0°  EHT=10.00 kv ESB Grid= 0V Tilt Corm. = On
Mag= 93.25KX 100 nm WD = 9.1mm Signal E2

FIB Lock Mags = No Date :1 Mar 2012 Time :16:26:53|
R T N — FIB Mode = Imaging  Noise Reduction = Line Int. Busy FIB Probe = 30KV:80 pA  System Vacuum 0007 mbar

A Approxi mately
angle profile

A Smooth sidewall angle

A Etch rate : 60nm~ 80nm/min




Prof Martin Charlton

Electronics and Computer Scien

JEOL Beam Lithography suite Launch eve
29/4/2024

UNIVERSITY OF

Southampton
NANO RESEARCH GROUP School of Electronics

and Computer Science




