Looking below the surface using
lon Beam and DualBeam Techniques

Dirk van der Wal / Hans Mulders
FEI Electron Optics BV
Eindhoven, NL







Presentation overview

Looking below the surface — why?
Focused lon Beam main use
Benefits of an SEM column on the FIB

Application examples




Why look below surface?

3D high resolution materials characterization

Sub-surface Failure Analysis — Quality Control (incl.
Critical Dimensions)

To bridge the gap between surface microscopy (SEM) to
higher resolution sectional microscopy ((S)TEM)
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Focused lon Beam - Main use

Removal of material:

Expose 3 dimension: cross sectioning, slice & view
Foil preparation for STEM and TEM

Circuit edit, nano machining, creation of structures
Deposition:

Circuit edit, nano fabrication such as proto typing, creation
of connects to CNT

Contrast mechanism: ion channeling (grain contrast)
SE imaging
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SEM + FIB = DualBeam benefits

All that of an UHR FEG-SEM

Non-destructive imaging & microanalysis, bulk sample or
foil (STEM)

All that of a FIB
Milling, deposition, channeling contrast
UHR end-point detection of milling

Monitor the progress and accuracy of milling with an UHR
e-beam




DualBeam geometry
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FIB cut -> 3D imaging
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Nano-machining Channel Width
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Auto paint film defect Field of View 140 microns
Courtesy MPA




Channeling image contrast
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Quantitative micro crystallography - OIM
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Expose 3" dimension
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Foil preparation - STEM

Sub-nm resolution SEM
Dark-field imaging in DualBeam
UHR elemental mapping




Foil preparation - TEM
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Deposition

Nanotube
probing

Nano-circuit

FIB deposited Tungsten
on a Carbon nanotube, 4
point probe, 0.3 micron

pitch

Deposited Tungsten

Carbon nano-tube




Combined benefits DualBeam - example

How to measure electrical properties of a 5 um
Chromium Oxide single crystal on a conductive

substrate?

The DualBeam as a multipurpose Nano-scale
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Single crystal measurements:

Electrical properties of Chromium oXide
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Attempt to sharpen Field emitter array with FIB
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Nano technology: new EDIB

Pt Deposition
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Nano technology: new EDIB

Pt Pillars by E-Beam Induced Deposition




DualBeam: best of both worlds

FIB for machining - milling deposition
Use a little for imaging

SEM for imaging, analysis and measuring
Used a little for machining - deposition

Applications in nano technology, polymers, metals, life-
science, pharmaceuticals.




