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Tech Status: ZEROK

w emperature 'on Source | )

e Successful circuit edits on 10 nm node chips (see talk 5A-6 coming up!)
e I[maging and milling demonstrations

e Demonstrated 2 nm spots with 1 pA, at 10 kV beam
e Provides currents >5 nA (so far)

e Performs well at low-energy

e Yields large numbers of secondary ions
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Cs* LoTIS Pros/Cons
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LoTIS Elements
1) Prepare Cold, Dense Neutral Cs Beam |
2Photoionize |

e Position two ionization lasers in flow of Cs beam

e Excite atoms in laser intersection volume

e Fed into standard ion-optical column
e Uses all the same technology as normal FIB

e High Brightness
e Low Energy Spread
e Moderate Currents: (<1 pA to 10+ nA)
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High Brightness: Paths to Achieve ZEROK
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* =24x higher than Ga* Lasers
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Energy Spread
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In-House FIB:RETRO

¢ 2-3x better spot sizes and at 3x lower beam energy than LMIS
e <1 pAtofewnA

LoTIS
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FIB:RETRO Spot Sizes ZERO
T

¢ 18 mm working distance (30mm focal length)
¢ 18.4 max energy in current system
* No apertures used (these may enhance performance further but this parameter space has not yet been investigated)

. g
* Note: Results given as a g below. R35_¢g5 = 3 Rig_ga =0 %2

e Comprehensive survey of lens voltages incomplete

10 kV 18.4 kV
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5kV FIB imaging: LoTIS vs LMIS

ERCNE L

1 11/1/2017 | HV curr HFW det | mode | tilt
| 5:39:27 PM | 5.00 kV 1.4 pA | 5.70 um | ICE | SE 52.0 °

Ga* LMIS: 1 pA 5 kV

ThermoFisher

Cs* LoTIS: 1 pA 5 kV
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Secondary Electron, lon Images
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Auxiliary Application- Lithium FIB ZEROK

Generation 0 Prototype — built at NIST 2010

LT
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Features

Cs+ beam with 2 nm resolution

Superior performance at low
beam energy

10+ nA beam current

Compatible with most ion beam
columns & accessories

FIB:RETRO

Benefits

Machine with higher precision
than with Ga+

Explore new applications with
unprecedented performance

Utilize currents up to several
nA to handle a variety of tasks

Extract additional value from
existing capital equipment

Best Applications
Nanomachining
Circuit-Edit

Low-invasiveness milling

ZERO




econdary lon \Vlass Spectrometry ZERQK
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* There are only so many particles in a few-nm voxel
e Example: Si is ~50 at/nm?3
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Pain Points of Elemental Analysis Techniques ZERO

EDX/EELS

e Very Long Sample Prep Times e Resolution >20 nm
e (Bulk (3D) analysis infeasible) e (Even in high abundance samples)
e Low-Z elements Challenging e Can’t view all elements at once
e (Loss of information)
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Concept 7ERO
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e Electrons, +lons, -lons

e 100x more current/area
e 10x better resolution (down to ~5 nm in non-abundance limited cases)
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LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

Luxembourg Institute of Science and Technology:

* RTO (Research & Technology Organization) created in 2015 out
of the merger of two public research institutes in Luxembourg

* 630 employees, 75% researchers

Advanced Instrumentation for lon Nano-Analytics (AINA) :

* Development of scientific instruments based on charged particle
beams for nano-imaging and nano-analysis in materials science
and life science

* Covering a large range on the TRL scale, up to TRLs 7-8

* 20researchers and engineers specialised in charged particle
optics, instrument design and nano-analytics

* 20+ years of experience in SIMS development and applications

*  Successful collaborations and product launches with main
instrument manufacturers (including Zeiss, FEl and Cameca)
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Application Example: ZERO{
SIMS:ZERO as EDX Alternative

Existing Workflow - Thin Sample EDX

Only one shot : analysis limited to a single depth

Optimized Workflow - SIMS:ZERO

,,“ “‘mced lon Beam Technologies |
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SIMS:ZERO Application Example: ZERO{

In-situ FIB Deposition Stoichiometry

—

r ‘ SIMS:ZERO ‘
Standard FIB ‘ '
‘ QAdvanced lon Beam Technologies |
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SIMS:ZERO Application Example:

Process Control with Secondary lons Magnetic
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LISTS

20

Cs* beam with nanometer
resolution

Full-featured FIB system
Highest-Resolution SIMS

Parallel readout of all masses

Impacts ZERO

Obtain EDX-like spectra... without lamella Prep! * Semi

Gather SIMS data 100x faster * Semi/Bio/Energy
Machine with higher precision * Semi/Various
Endpoint using mass spectra * Semi

SIMS process control during nanofabrication e \Various
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More Information Summary

N
Cold Atom lon Sources Mz:(r)”nmg S | M S : Z E RO

1:40PM 5A-1

Analysis I
Cs lon Coldbeam Suitability for Circuit Edit and Additional

Nanomachining Applications High Resolution SIMS + FIB

3:30PM 5A-6 Cs+ ion beam with Obtain EDX-like spectra...
SIMS Analysis with Cs+ nanometer resolution without lamella prep!
EDX-EDS Alternative 10+ nA b t
Startup Award /N + nA beam curren Gather SIMS data 100X faste
Nanofabrication Process
Poster P3-12 Control with SIMS Full-featured FIB system Machine with higher precision

Sectioning
Slice and View
Life Science
Semiconductor

Highest resolution SIMS Endpoint using mass spectra

Parallel readout of all Nanofabrication process
masses control using SIMS

Meet Adam at the Student Breakfast
Friday 6:45-7:45 AM, Lakeshore B

* Spun out of NIST in Gaithersburg, MD
i i i Cs+ ion source retrofitfor ~ Smaller spot size & damage
* Technical Publications high performance FIB volume than Gax+

Low Temperature lon Source technology available  Li+ ion source for battery =~ Compatible with most FIB
as a retrofit to existing FIB instrumentation research columns


https://doi.org/10.1088/2399-1984/aa6a48
https://doi.org/10.1063/1.4816248
https://doi.org/10.1088/1367-2630/13/10/103035

