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Before EDF



Why ion implantation?

Missing facility capability! 

• For material analysis.


• For basic physics studies.


• For semiconductor research, doping, since 1960s.


• Lastly creation of NV centres.

Margarita LESIK, PhD thesis, Université Paris-Sud(2015)



Nitrogen-vacancy centres
Solid state qubits

Du et al. RMP, 025001-1 (2024) Colour centre: Crystal defect that acts as a quantum state that 
emits light upon excitation.
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N-V centre based quantum sensors
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Diamond Depth Beam Energy Magnetometer application Sensitivity Equipment

< 20 nm

100 nm

3 µm

< 5 KeV

⇠ 40 KeV

5 MeV

Nuclear spin sensing,

anti-ferromagnetism,

superconductors

Ferromagnetism

Gyroscope resistant

to external perturba-

tions. Orientation using

Earth’s magnetic field.

⇠ mT

⇠ 30 mT

⇠ 30 µT

Low Energy Branch

Low Energy Branch

Nano beam

• Goal is to sense small magnetic fields.


• Fridge magnet: (10 mT)


• Earth’s magnetic filed (25 - 65 μT),  nT accuracy needed for navigation.



15N implantation
First N-V centres in diamond:  

- Started in 2023, 
- Diamonds: 2 mm x 2 mm x 0.5mm, 
- Low N ppb, by Element Six, 
- Ion beam 15N with high energy 3.8 MeV, 
- Exposure time, depth variation studies a.t.m.

50 µm

Optical response of implanted areas under the confocal microscope (F5). Barba, Kokot.



Application process

• 2022: First implantation project at JSI.


• 2023: Collaboration with SAL, Austria started.


• 2024: Internal JSI project to develop the implantation capabilities.


• Oct 2024 SAL invited us into EDF consortium. => Nov 2024 submission.


• Hectic application for us, due to last minute consortium integration.


• Not clear for Slovenian partners how local MOD has to be included.


• We were informed that local MOD doesn’t need to approve our application.

2024-10



SQORPION

• Solid-state room temperature,


• Spin-based qubit,


• Leverage sensitivity to magnetic field for 
navigation that does’t rely on GPS.

"(The SQORPION project is) funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily 
reflect those of the European Union or European Commission. Neither the European Union nor the granting authority can be held responsible for them."

Spin-based Quantum Optics for Robust and Precise 
Inertial Sensing, Orientation and Navigation



Project approved
2025-05-01

• Approved in May 2025.


• Most of the consortium was blindsided by all of the security requirements.


• Quite time till Sep 2025.


•  EU EDF, PO, Security officer, project coordinator ping-pong.



Paperwork
Security clearance

• Security assessment letter (SAL) was a bit dumped on us.


• Another MOD demanding the restriction of specific JSI results, without explanation.


• Obtaining:


• Facility Security Clearance (FSC) => JSI has it,


• Personal security Clearance (PSC) => in progress,


• Luckily JSI has a security officer, but still took us weeks to sort this out.



Paperwork
• How to properly establish the background IP?  


• Which is key!


• Everything you can’t prove you did before the project is then restricted, …


• JSI has some experience, but we struggled here, …


• GA, CA again ping-pong with EU EDF, etc.


• As a result project got pushed to 1.12. 


• 6 months :(


=> 1y of work already and we didn’t even start … 


So allocate time for this process, for sorting out the execution details with project partners.



JSI Implanter menue 🧑🍳👨🍳🥦

• General (non-radioactive) ion of choice.


• Substrate: diamond, silicon carbide, Si, etc.


• Implantation depths: 100 nm - 5 um. 


• Good position control um and below. 


=> Feel free to reach out: ziga.brencic@ijs.si
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