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Focused Ion Beam Implantation Enables Precision Placement3

T. Schroder et al., Nat. Communs., 8, 15376 (2017) 

< 50 nm Targeting Resolution

N. Wan et al., Nature, 583, 226 (2020)

Scalable Implantation

M. Titze et al., arXiv:2112.02049
(accepted Nano Letters)

Formation of Single Photon Emitters

! All done with SiV in Diamond, not NV !



Liquid Metal Alloy Ion Sources – Available Ions

- Material needs to form a low melting point liquid metal alloy  Nitrides do not apply
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Adapted from L. Bischoff et al., 
Appl. Phys. Rev., 3 (2016)



B. L. Doyle and P. S. Peercy, Appl. 
Phys. Lett. 34, 811 (1979)
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Implantation

- Implanted a Au80Sn20 200 µm thick foil 
with N to 5x1017 ions/cm2

- Level based on solid-solubility limit for H

Characterization

- Elastic Recoil Detection (ERD):
50 nm of foil as expected

Fabrication of a N Containing Liquid Metal
200 keV N+ 
Implantation

400 nm

199.6 µm

- Cannot interrogate 
deeper due to multiple 
scattering of deep ions
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1. Heat W tip to remove surface 
contaminants

2. Tack weld foil to the tip

3. Heat tip to melt foil onto tip

4. Repeat steps 2. + 3. until tip + parts 
of reservoir is filled

5. Test tip emits

6. Install tip into nanoImplanter

1 2

3 4
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Tip Fabrication from AuSnN foil



Characterization – Mass Spectrum via IBIC7

100 keV 
N+Au++

Sn++

Sn+

N???

Ion Beam Induced Charge (IBIC) to measure N beam

N++

N+



Characterization – Beam Current measured via IBIC8

1. Fit peak to Gaussians

2. Area under peak corresponds to 
likelihood of event

<1> ion every 50 µs ≡ 20 k ions/s
Small separation 
due to low N energy



Characterization – Spot Size via IBIC 9

No Apertures!

Made 6 run 5, successful on 4



N Source – Improvements

Higher beam current

- Thinner foil to same fluence  higher overall concentration

- Fabrication in N atmosphere  additional N absorption
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Conclusions

- An atomic N source for FIB enables 
deterministic placement of NVs

- Ion implantation of N in a AuSn eutectic 
foil leads to incorporation of N confirmed 
by ERD

- N source behaves like other LMAIS, but 
low N current

- Ion counting to measure mass spectrum, 
beam current and spot size

- Improved N emission will enable better N 
source focus + emission current
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In total, 6 sources fabricated to date
4 successfully characterized

Sn+

Au++

Sn++
N+N++



12 Interaction with CINT Users – Design to Manuscript

Tm for LiNbO3 
Photonics

M. Hosseini @ Purdue

Discussion of design feasibility

Fabricating Device

Ion Implantation

Post-Processing 
+ Measurement

Dongmin Pak, …, M. Titze et al. (in review)



How can YOU access these capabilities? CINT User Proposal13

https://cint.lanl.gov/
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