PRE-THINNING FOR FIB TEM
SAMPLE PREPARATION
USING THE SMALL ANGLE
CLEAVAGE TECHNIQUE

Scott D. Walck
PPG Industries, Inc., Pittsburgh, PA 15238

Hendrik O. Colijn and Greg Thompson
Dept. of Materials Science, and Engineering
The Ohio State University, Columbus, OH 43210




| ntroduction

The Small Angle Cleavage Technique (SACT) can produce samples from brittle
and cleavable materialsvery quickly. It ispossiblefor a skilled person to produce
about 10 XTEM specimens in an hour. However, there are materials-related
limitations to the technique. These include 1) the ductile/brittle nature of the
substrate, i.e. the fracture mechanics of the materials, 2) the strength of the
Inter faces between multi-layers, 3) the thickness of any ductile layers, and 4) the
strength of the layer materials. In most of the caseswhere SACT fails, the sample
IS near electron transparency at the apex of the sample. Where there is a weak
Interface as in some multi-layer systems, or where the material itself is weak,
some of the film near the substrate is sufficiently thin, but thereisajogin the film
stack and further back from the apex it is not transparent. If such a SACT
sample is viewed from the surface in an SEM, this apparent delaminating of the
top layersisevident and usually within 1 um of the apex.

The purpose of this paper isto show that the geometry of a SACT-prepared
sampleiswell suited for applying FIB milling for further thinning of the sample
to electron transparency. In addition, the FIB can be easily applied to SACT
specimens that fail to produce usable samplesfor thereasons cited above.




Preparation Options Using SACT/FIB

> Method | Post-FIB Grid Mounted

® The SACT samplesare prepared by the Small Angle Cleavage Technique and
then several are mounted on aflat, SEM specimen stub.

® Advantages: multiple samples can be cut without specimen exchange, samples
are mounted flat

chances are high of losing a sample during mounting on the

grid.
> Method I1: Pre-FIB Grid Mounted

® The SACT sample are mounted on the grids and held vertically in a holder in
such a way that the Pt sour ce needle does not touch the grid or the sample
when it isinserted.

® Two methods are available for preparing the grids, folding and cutting.
® Advantages: Lesslikely tolosea sample, ready to put in TEM.

Sample surface isdifficult to get perpendicular to beam, the
cut gridsarelesslikely to protect the sample.




Types of Samples Using SACT/FIB

>Apex
® Quick, with smple cuts
® Useful for SACT samplesthat “almost work.”
» Pre-Thinned —Near Apex
® Thisisuseful when thereisadistribution of desired areas near the apex.
® Also, useful when multiple areas are desired on the same sample.
® AutoTEM mode available.

> Pluck-Out

® Thereis plenty of area away from the apex to gather samplesusing the
pluck-out method.

® AutoTEM mode available.

Note: All of the above techniqueswork with sampleseither Pre-
or Post-FIB Grid Mounted.
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The scribe lines should be relatively
deep into the sample, and ideally, they

should not be visible from the good side
when sampleisremoved.

dide with scribe marks facing up.
Angle the sample into the water so that
it does not float.

b
\
A \
k.

Remove the samples by heating or
soaking in acetone. Use a brush to
remove the delicate samples. A 2nd
rinsein fresh acetone isrecommended.

Alternative:.  Use no water. Some
samples may be water sensitive. SACT
can be performed without liquids. The
water prevents the sample from flying
away during the fracturing and
cleavage steps. The surface tension of
the water also helps clean any debris
and “nano-dust” from the surface when
the sample and the tweezers are
withdrawn from the water. |If no water
is used, the samples will be found
somewhere in the Petri dish. In ether
case, after fracturing the sample along
the scribe lines (2 steps away), flip them
over (faceup) for cleaving.

Permanently mount a glass dlide in a

Petri dish. Fill the dish with distilled
water for each new sample
Thoroughly clean dish between uses.

For the no-water approach, after
fracturing along scribe lines (next step),
place face up on the sticky part of a
small Post-it™ note taped to a block.




Carefully align the scribe marks along
the edge of the glass dide. Gently press
sample down. The tweezers should be
pressing evenly on either side of line.

T )
By gently applying pressure, a cleavage
line will propagate up and intersect the
edge at a 12-15° angle.

Carefully pick up the resulting piece,

flip it over, and place it on the glass
dide. Be careful of the edges of the
sample. Repeat for all of the strips.

During the cleaving, a gentle sideways
pressure is also exerted with the
diamond scribe to push the sample
away and protect the apex.

Gently brace the bottom edge of the
sample and start a scribe line along
normal cleavage direction. It is atrial
and error process whereto begin line.

Notes. (i) Examine the fracture edge of
strip before cleaving. If it is“jaggy” or
not smooth, find and area that is. Try
to intersect the cleavage linethere.

(i) The critical part of SACT is the
determination of which cleaved samples
are suitably thin, not all of them will be.
Use the highest possible magnification
of the microscope to image the apex of
the cleaved sample. If the apex issharp
to the point where it cannot be seen, the
sample is probably good. If a nice thin
feathered edge can also be seen running
up along the thickness to that apex,
examinethat samplein the TEM first.




Mounting and Removing SACT/FIB Samples from
an SEI\/I Stub Post-FIB Method

« Usea Cut-down Post-it® and a
Select stubsthat areflat on the surface and do not have sharp pair of tweezersto break the
rounded edges. SACT/FIB sample from the SEM

A step milled around the rim of the stub can protect Stub.

the samplesthat project radially outward. « Useanormally prepared SACT grid

K eep the epoxy that holds down the sample to the stub to mount the sample.

to a minimum. This makes it easer to remove the
samples.

A spot of epoxy is used as an index and to check when
epoxy iscured.




Bending SACT Gridsfor Post-FIB Method

L |"" i
Start with 2x1 Veco tabbed
grids & align on the edge of a
glass dide.

Continue fold and iron the
body flat.

1

Bend the vertical tab down.

Bend the body of the grid on
sameline.

Ready for mounting. Use a dab of
epoxy on grid to stabilizeit.




Cutting SACT Gridsfor Pre-FIB Method

Start with 2x1 Veco tabbed
grids.

Cut the grids as shown, aligned
with tab.

Bend thevertical tab and the
handle normally. Use a dab of
epoxy on grid when mounting
sampleto stabilizeit.




AutoTEM Used With SACT/FIB

Thefirst test of the SACT/FIB
method on a Solarban® 55 coated
glass sample showed a crystallite of
NaCl at the glass/film interface
(arrow). Although cubic holes had
been seen in the film, thiswasthe
first timethat they had been
Imaged in cross section in the
TEM.




Examples of Suitable SACT/FIB Samples
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Apex FIB Cuts of SACT-Prepared
Sungate® 500 Coated Glass Sample

| Thesampleiscut very quickly at the apex of the
SACT samplewith ataper angle used with the
clean-up-cut boxes.
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Apex FIB Cutsof SACT-Prepared
Sungate® 500 Coated Glass Sample

By using ataper, the sampleis morerobust and less likely to “wave
In the breeze.” |If thesubstrateisfully removed, then the sample can
be cleaned up to remove FIB artifactsin a low angle ion mill.




SACT/FIB Sample Cut
Using the FEI
Autol EM Process

_- Thisisan example of a step in the film
S stack occurring during the SACT process.
= = Thesampleispre-thinned for the FIB.




Nb/Zr Multi-layer on Silicon

Even with a metallic thin film that has a tendency to delaminate, the
SACT/FIB method was able to prepare a sample.




Conclusions

» The Small Angle Cleavage Technique (SACT) isan
effective method for rapidly pre-thinning samplesfor FIB.

» The SACT/FIB combination can * salvage” material
sample systemsthat can not be prepared by SACT alone.
® Thick metallization layersthat plastically deform or tear.
® Weak interfaces or materialsthat give ajog.
® Thick Oxidesthat blunt thetip of SACT sample.

> The Apex and the Pre-Thinned Near-Apex M ethods give
samplesthat arereadily cleaned up by alow angleion mill
afterwards.

® Caremust betaken to ensurethat the substrate material 1s
sufficiently removed.




Add a Taper to Have One End of Sample Thinner
for EELSand HREM Applications
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SACT/FIB Tip Cut With Taper
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