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Technology Highlights

e Successful circuit edits on 10 nm node chips
e Imaging and milling demonstrations

e Demonstrated 2 nm spots with 1 pA, at 10 kV beam
e Provides currents >10 nA (so far)
e 1 kVto 18 keV

e Performs very well at low-energy relative to Ga*
e Yields large numbers of secondary ions
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Cs* LoTIS Pros/Cons
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SkV FIB imaging: LoTIS vs LMIS ~ ["ermers
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Ga* LMIS: 1 pA 5 kV Cs* LoTIS: 1 pA 5 kV
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Depth of Focus Comparison
—LoTIS depth of focus substantially better than Ga
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Ga* LMIS (30 kV) Cs* LoTIS (10 kV)
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Mllllng HomOgeneity: 150 nm Au on Si ZEROK

—(Cs* LoTIS proves even touchdown .
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Milled with Ga* LMIS Milled with Cs* LoTIS
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2.00kv |0.10nA | 300ns |ETD | SE |3.8mm |0° | 35000x | 592 um TU Kaiserslautern NSC T. Loeber 2.00kv | 0.10nA |300ns |ETD | SE |3.8mm | 0° | 35000% 5.92um TU Kaiserslautern NSC T. Loeber

- milled rectangle ‘almost through’ the Au layer
- milling time Ga and Cs almost the same
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Milling Accuracy: 110nmauonsi

— LoTIS provides clean mill boxes with sharp corners

/
Milled with Ga* LMIS Milled with Cs* LoTIS

Nano Structuring Cente

curr dwell det | mode WD mag E5 HPW 1pm
2.00kv | 0.10nA | 300ns | TLD | SE |44 mm | 0° | 50000x | 4.14 pm TU Kaiserslautern NSC T. Loeber

% HY curr dwell det | mode WD tilt mag BB HPW 1pm %
2.00kv | 0.10nA | 300ns | TLD | SE |4.0mm |0° | 50000x | 4.14 pm TU Kaiserslautern NSC T. Loeber

- squares with 1, 0.6, 0.4, 0.2, 0.1 and 0.05 um length
- milled through the Au layer
- milling time Ga and Cs almost the same
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Secondary Electron, lon Images
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Pain Points of Elemental Analysis Technigues

E DX/E E LS e Resolution >50 nm (eg NanoSIMS)

e Low yields with high-resolution
e Long Sample Prep Times beams (eg Ga, He, Ne)
e 3D analysis infeasible e Long acquisition times
e Low-Z elements Challenging e Can’t view all elements at once
* (Loss of information)
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e 100x more current/area
e 10x better resolution (down to ~5 nm in non-abundance limited cases)
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Primary lon Species Matters

Sputtering yield
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SIMS:ZERO
Preliminary First Data

CIGS (CulnGaSe) solar cell, ~90 um FOV
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SIMS:ZERO readily sees low-Z elements

TiO2 anatase nanoparticles on Si wafer LiTiO particles on InP wafer

2222222222



Application Example:
SIMS:ZERO as EDX Alternative

Existing Workflow - Thin Sample EDX

Only one shot : analysis limited to a single depth

Optimized Workflow - SIMS:ZERO

,’““‘ FIBSEM 2021

16



17

Cs* beam with nanometer
resolution

Full-featured FIB system
Highest-Resolution SIMS

Parallel readout of all masses
(future upgrade)

Impacts

e Obtain EDX-like spectra... without lamella Prep
* Gather SIMS data 100x faster

* Machine with higher precision

* Endpoint using mass spectra

* SIMS process control during nanofabrication
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