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Oxford Instruments — Who We Are

FY25 Revenue >£500M
>30 Offices Worldwide
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Over 60 years of history

* 19509: First spin out from Oxford University

« 1962: World's first commercial
superconducting magnet

¢ 1966: World's first commercial dilution
refrigerator

*. 1980: World's first commercial MRl magnet
+ 1983: Floated on the London stock exchange
+ 1986: Acquired Plamsa Technology

2020s: Facilitating successful quantum start-ups
and both academic and corporate R&D.

+ Collaborations and projects with researchers to
advance quantum science

+ EXxperience working with large scale QIP and
pilot line production

« Global support and service

Etch, Deposition, Interface Optimisation

3 Private & Confidential OXF@ m

INSTRUMENTS



Enabling all stages of applied R&D

Plasma
Technoloqgy
Device Fab

NanoScience
Cryogenics &
Measurement

Plasma process
excellence

Measuring
performance

Asylum
AFM

Understanding
surfaces/interfaces

Andor
Quantum
Optics

&
Detect with
confidence

WiITec
Raman

!“'
: .
i

Vibrational
Spectroscopy

NanoAnalysis

Composition

Composition and
Crystallinity
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Oxford Instruments Plasma Technology New Headquarters — Bristol, UK

Years of expertise as a trusted partner
>40 years of experience in plasma processing
>6,000 references on various materials and
technologies
>4,000 installed systems including leading IDMs
and foundries

Oxford
Instruments
thrives on
iInnovation and
provides
world-class
plasma
processing
solutions with
atomic
precision

Private & Confidential

5Y $100M investment in brand new facility,

cleanroom and R&D

» Overall factory size A43%
« 2 X Applications lab size
New 1,200 sgqm ISO 5 + 6 cleanrooms
« Cleanroom system capacity increased
to 35 systems
* Manufacturing space increased from
1,900 sqm to 2,200 sqm
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Plasma Technology focus areas for R&D and production

AR & Quantum 3D Sensors Datacom WBG power
MicroLED & Opto laser & Al & RF

pGaN & recess etch
and ALE

SiC substrate & epi
Plasma Polish

SiC & GaN oxide
and nitride ALD
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Oxford Instruments Plasma Technology — Our solutions and technologies for quantum

Superconducting Qubits
and Quantum Circuits

Colour Centres
(e.g. NV in diamond)

Photonic Integrated
Circuits for Quantum

7 Private & Confidential
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Fast and low damage deposition using plasma ALD

Deposition 100 nm NbN

25 nm/hr

Deposition
Rate

PP-ASP

8 nm/hr

" R

Other ALD

20 nm Alumina < 10 minutes
35NnMm TiN< 1 hr

Other Plasma ALD materials available on PP-ASP

AlN AL, O, HfO, NbTiN
SiO, Pt TiN TiO,
Thermal ALD | AL,O; | HfO, | TiO,

Our first PlasmaPro ASP
publication:

Peeters et al.,, AVS
Quantum Sci. 7,
026801 (2025)

SR blasmabro ASP

Low damage for sensitive substrates
*  Maximise device performance

Fast cycle times and reliability demonstrated by
« Uniform plasma exposure
«  Uniform film deposition

Short plasma times (100 ms) enabled by patented AMU
Reproducible strike time and low reflected power

- High yield OXF@RD
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Importance of losses in quantum devices

Classical iR

Schottky contact

e A A A A A e N Alo_gsGao'14N

Liuetal, Appl Phys. Lett 126, 152109 (2025)

Ni/Au
Schottky contact

Quantum Devices
» Information in single photon/spin/electron 2
- Extremely sensitive to interaction with daradadrad’ Al g6Gag 14N
residues, defects, interfaces, dielectrics ‘ ' Vgt

OXFORD
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Importance of surfaces: Superconducting Josephson Junctions (JJs)

|
1 :Zijpitandi

Josephson
junction

Loss at each interface

& surface adds up

(" qubits are limited by the surface losses residing at the capacitor )
pads instead of the junction. The dominant loss likely originates
from the subtractive-etch-specific sidewall residues and native
surface oxides. Our study reveals that the overlap junctions do not

Verjauw, J., et al. Path toward manufacturable superconducting qubits with
krelaxation times exceeding 0.1 ms. npj Quantum Inf 8, 93 (2022). )

Ourinvestigationidentified the dominantrelaxationand decoherence
sources as ILS defects at capacitor interfaces. Our variability analysis
of theJJ normal resistance and qubit frequency indicated that the cur-

Van Damme, et al. Advanced CMOS maﬁufacturing of supercohducting qubits
k on 300 mm wafers. Nature 634, 74-79 (2024) )

@am loss factors. The relative power independence of the bulk ancﬁ Gchmlog}, platform for quantum computing'~. Although many of these\

package loss factors also implies that the TLSs that dominantly couple improvements have been driven through optimized device designs and
to superconducting microwave resonators are localized in surface geometries, the presence of defects and impurities at the interfaces and
dielectric regions™. The distinction between surface and bulk dielec- surfaces in the constituent materials continues to limit performance and
tric loss is also apparent in the several orders of magnitude difference serve as a critical barrier in achieving scalable quantum systems'™”.
Ganjam, et al. Surpassing ms coherence in on chip superconducting quantum Bal, M., et al. Systematic improvements in transmon qubit coherence enabled

kmemories by optimizing materials and circuit design. Nat Commun 15, 3687 (2024)) k by niobium surface encapsulation. npj Quantum Inf 10, 43 (2024)

Review of materials challenges for quantum applications: de Leon et al, Science 372, 253 (2021) OXF@ m
INSTRUMENTS
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Importance of surfaces: Superconducting Josephson Junctions (JJs)

|
1 :Zijpitandi

?

Josephson
junction

Loss at each interface

& surface adds up

qubits are limited by the surface losses residing at the capacitor
pads instead of the junction. The dominant loss likely originates
from the subtractive-etch-specific sidewall residues and native

Ourinvestigationidentified the dominantrelaxation and decoherence
sources as |'LS defects at capacitor interfaces. Our variability analysis

¢ SI0TTS . LTS SUTTc dlTC [ STICC . oS
tric loss is also apparent in the several orders of magnitude difference serve as a critical barrier in achieving scalable quantum systems' ™.

11 Review of materials challenges for quantum applications: de Leon et al, Science 372, 253 (2021) OXF@ m
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Atomic Scale Processing for quantum technologies

A process of sequential, self-limited half-cycles that deposits or etches thin layers
of material using gas-surface chemical reactions and/or ion bombardment.

ALD ALE
sl £ l Su.per-cycl'e1 Sluper-cy'cle 2 Super—é:ycle 3 I i
Atomic loyer Atomic |.C|yel’ 11.4 nm F 169 | o
deposition etch 31-2' | o Eop.dae |
ALD) (ALE :E: 0.8 [kt rouighness | ~N—— ]
0.4

£ 50t ' ) ' ' Tgoce\ '
T‘.:-f a0t | xp. data ]

E 30 E

£ 20}
E m;?

Ov I 1
0 200 400 600 800 1000 1200 1400
Number of cycles

. . ' 200kV x180K Gerritsen, et al.,, ACS Appl Nano Mater.,
Uniform |ty Conforma |.|ty Chittock, et al. Applied Physics Letters 117.16 (2020) 5,12, 18116 (2022)
162107.
(a) 10 T T T - - - Etch

Thickness control 7 Bz ALD ALE :
5 o o 18 ~1% over ~2% over
200 mm wafer 150 mm wafer
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ASP for different quantum modalities

Spin qubits Colour Centres

oFG P5 vys P2 Fc S1 oFG

Quantum Well

Shandilya et al, Journal of Lightwave
technology, VOL. 40, NO. 23, (2022)

"Two-dimensional 5i spin qubit arrays with multilevel
interconnects,” Sieu Ha et al, arXiv.2502.08861 (2025) .

* ALD used for gate (TiN/Pt) and « ALD for surface
dielectric layers (ALLO5/HfO,) passivation/engineering
* ALE could be used to reduce LER, * ALE to control depth of colour centre

controlled isolation, Via etch, and
soft landing etches

while minimising roughness/damage

* Materials: SiC, Diaomond, ALN, GaN,
* Materials: Si, Ge, SiGe, HfO,, AL,O,
Pt, TiN, Pd, NbN

Integrated Photonics
* ALD for waveguide encapsulation

lon traps

Mtllc

s Ci g metallics Tran sparent conductors
® lon rodes @ B-field bia: d qa es ® Dielectric shielding
o Thicken n | o ert ® Hi qh d [ vity ° thcondu(nvl(y transmissivi ty

® E-field noise frol rface ® Pov @ E-field noise from surfact

Interlayer dielectrics
@ Electrical insulator,
wavegu n
- ow alloss
~field r electrical breakdown
~ In as
e
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s capacif

Single-| phoxo de!ectos
® Qubit state o
ouqho[ low da k
® Filteri gb ckac!

CMOS c p(blly

Optical modulators
P pddic ey

Brown, et al, Nature Reviews Materials volume 6, 892-905 (2021)

* ALD for smooth and uniform TCO
layer - prevent ion heating and light
scattering

e ALE to ensure smooth TCO,
electrodes and other interfaces

 Materials: ITO, Nb, Cu-Au, NbN, Al,
AL,Og, SIO,, GaN

* ALE smoothing to reduce scattering losses at sidewalls
* Materials: SiN, AlN, LINbO;, GaN, ALLO5, BaTiO5;, NbN, WSi, MoSi

13 OXFORD
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https://arxiv.org/abs/2502.08861

Where is ASP already being applied in Quantum?

4 . . .
Thin dielectrics and superconductors
10 um
Lennon et al 2023 Mater. Quantum.
\_ Bal, M, et al. npj Quantum Inf 10, 43 (2024) Technol 3 045401 )
4 )

Improved device patterning
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Engineering surface chemistry
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technology, VVOL. 40,

K NO. 23, (2022) Photolithography design width (nm)

Shanks, et al, Applied Physics Letters, 126(11). (2025) j

Laser exp. time (x10°) (sec.) Wavelength (nm)

below 4.5%, whereas it increased under air up to over 7.5%. A 4 mar R. et al,

~2 nm layer of Al,O; was deposited on the diamond surface 45 proronics,
which successfully led to a stable ODMR contrast, even under  77(3) 7244-1251.
laser exposure. The origin behind these changes in the ODMR  (2024)

Removing lossy oxides from transmons

power levels by a factor of 2. Similarly, when applied to transmon

qubits with transition frequencies covering a 2.5-5.5 GHz band, the
ALE+ALD process yields an increase in the mean Q-factor from 1.75
to 4.5 million, with some devices achieving Q-factors in excess of 9
million. Material analysis reveals that the surfaces of the treated

devices have less residual contamination induced by the fabrication

processes and a thinner, more aluminum-rich aluminum oxide layer.

Mitigation of Surface Dielectric Loss in Superconducting Quantum
Devices via Combined Atomic Layer Etching and Deposition, Neha Mahuli

Superconducting Qubits: More Metal and Nitride Films | APS Global Physics Summit 2025

14
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Our collaborations and partners

unesco

INTERNATIONAL YEAR OF
Quantum Science
and Technology

Oxford Instruments are members of a variety

of important consortia for Quantum
'Technologies across the globe.

» Key to driving supply chain security
» |nfluencing government strategy

gjjrréﬁesggtwy (@YU L Lake Shore

UNIVERSITE DE

SHERBRGOKE  # oxromn  KELVIN 33
2
TUDelft QUANTUM - .
Delft University of Technalogy s MOTION %} l. I g E t t '
O 1 C S ) GLANTUM SeeQ N rd
Quantigue

15

CHICAGO
UANTUM + /<.« UC SANTA BARBARA
EXCHANGE * Quantum|Foundry>
& Ukauantum JRIY:
=< |
C .\. B : Quantum STreg?ETELEr;‘ Aliance for Revolution
N/

Oxford Instruments are partnered with many
universities, companies and take part in
collaborations providing hardware and
expertise to all our customers and
collaborators.

» Key partnher to many users of our tools

OXFORD
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Anisotropic ALE — smoothing for colour centres

UNIVERSITY OF

ILLINOIS

URBANA-CHAMPAIGN

o Diamond & 4H-SiC a host for colour centres
o Innovative bias-pulse ALE approach
e Shorter cycle time (6 s) = high throughput

o Low damage - surface smoothing - long coherence time

Before

1.5nm

0.0 nm

0.65 nm

0.00 nm
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Michaels et al., J. Vac. Sci. Technol. A 41, 032607 (2023)
Sangtawesin, Sorawis, et al. Physical Review X 9.3 (2019): 031052, 'NSTRUMENTS



Caltech

- - L] - ' ‘ . . -
Isotropic ALE — Superconducting nitrides i\, Kavii Nanoscience Institute
SNSPD Resonator Sub-nm thickness control
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Proprietary Information  How atomic scale processing can help to pave the way for future quantum devices:

A Workshop to bridge ALD/ALE and Quantum communities — Atomic Limits

Hossain, A. A, et al, (2023)JVSTA, 41(6), 1-17.

Temperature (K)

XFORD

Hossain A. A, https.//arxiv.org/html/2502.17745v1 (2025) N STRUMENTS



https://arxiv.org/html/2502.17745v1
https://www.atomiclimits.com/2025/05/05/how-atomic-scale-processing-can-help-to-pave-the-way-for-future-quantum-devices-a-workshop-to-bridge-ald-ale-and-quantum-communities/
https://www.atomiclimits.com/2025/05/05/how-atomic-scale-processing-can-help-to-pave-the-way-for-future-quantum-devices-a-workshop-to-bridge-ald-ale-and-quantum-communities/

Caltech

Isotropic ALE — Smoothing of 3D waveguides '\, Kavli Nanoscience Institute

Sidewall roughness reduced!

Minimal Smooth @ Rq = 0.82 % 0.25 nm (b) Rq = 0.55 + 0.13 nm 2
0' :
LER/LWR - tewall -
sidewalls __ :
\ _
£ —20 12
. qé’ —30 -2
Vertical j< R
u (@] _40 -
sidewalls 8 (€) 400 (d) 101
C —50- S Before ALE —— After ALE _— -- Before ALE
5 B S— 5 1024 —— After ALE
= — 300 { © !
= —60 v H, g \ \". ; 1014
—_70] = SFe " Ezoo- \ % 10°
§ £ .
Reduced * H2+5Fs ® £ 101
0 10 20 30 40 50 g 1072 TN
ARDE Number of cycles 0 \ * 10-3 s
0 250 500 750 00 01 02 03 04 05
Position (nm) Spatial Frequency (nm~1)

+  LiINbO; an emerging material for nonlinear optical applications
* Requires pattern fidelity and smooth sidewalls
*  ALE smooths sidewalls = possible route to reduce losses

18 Chen, I, et al., JVSTA 42, 062603 (2024) OXF@@
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ALD for quantum

University
of Glasgow

EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY
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KLennon et al 2023 Mater. Quantum. Technol. 3 O4540lj

‘Superconducting nanowire single photon detector
19

N
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Temperature (K)

Ren et al., IEEE Electron Device Letters, vol.

46, no. 2, pp. 175-178, 2025

Ternary materials (NbTiN) )

~
o
o

—@—Electrical (inter-grain) resistivity
600 | +—.—Optical (infra-grain) resistivity

500-% *

400} §
300} ¢

200} x./i ]
100 F ~3O nm
0= =50 =100 ~150

Room-temperature resistivity (uQ2cm)

Average substrate bias (V)

' Ctorature
A TiN (various ref.)

—60 -é O NbN (various ref.)
£ '"""--..é © NbTIN (Yemane)
E 50 ~—— 7 NbTiN (Diaz-Palacio) |
L a0 B ) 4
e
5 30 '§ \ 1 5
= A o]
@
S 20rA .
o

10F

00 O o0 g
0 : - i

00 02 04 0.6 0.8 1.0
Cycle ratio NbN/(NbN+TiN)

KPeeters et al.,, AVS Quantum Sci. 7, 026801 (2025)}
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How to find out more

Semi Interface magazine Semi Interface S th
#1: Material engineering magazine #2: Al insatiable can the
and interface optimisation for energy and devices QR code to
Autumn 2024 Spring 2025 get our
1 5 magazines
- —0O0— and check
Sl for neray out our
and interface and devices o,
optimisation e e | Sean for digital c Open
Femureurclesﬁy.ndm,-lmer: — - AW o
positions
oxinst.com/careers
OXFORD
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Thank you for listening! - Any questions?

o foym B . WiITec NanoScience Andor
Technology NanoAnalysis

Measure' Characterise

.

@ '

ICPRIER ALE Pt

Oxford Instruments: Enabling every step
of your quantum journey

Harriet.vandervliet@oxinst.com
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