From Eye to Insight

Leica Nano Technology

WORKFLOW SOLUTIONS
FOR INDUSTRIAL RESEARCH

Concentrating on workflow solutions, we provide a product range that is aligned to
your needs in TEM, SEM, LM, and AFM investigations.
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Sample Preparation Workflows for Material Science Samples
Appropriate sample preparation is key to obtaining the best results when investigating
industrial materials via TEM, SEM, LM, or AFM analysis. For TEM observation the sample
needs to be extremely thin, while analysis with LM, SEM and AFM requires the sample
to have a smooth surface. To achieve maximum accuracy in investigation and analysis, it
is also crucial to minimize the artifacts introduced by the preparation process.
This brochure presents appropriate workflow solutions for the most frequently required
sample preparation methods. Our product range is aligned to these solutions to help
you achieve the results you need for your TEM, LM, SEM, and AFM analysis. If you have
special requirements for your workflow or any questions, our Leica experts will be happy
to assist you at any time.
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SAMPLE PREPARATION WITH
LEICA MICROSYSTEMS –
THE PORTFOLIO ALIGNED TO YOUR NEEDS
FOR YOUR APPLICATION

EM TIC 3X

EM TXP

EM TRIM2 & EM RAPID

The Triple Ion Beam Milling System,
EM TIC 3X allows production of cross
sections and planar surfaces for scanning
electron microscopy (SEM), microstructure
analysis (EDS, WDS, Auger, EBSD), and
AFM investigations.

The EM TXP is a target preparation device
for milling, sawing, grinding, and polishing
samples prior to examination by SEM,
transmission electron microscopy (TEM),
and light microscopy (LM) techniques.
An integrated stereomicroscope allows
pinpointing and easy preparation of barely
visible targets.

The EM TRIM2 and the EM RAPID are high
speed milling systems with an integrated
stereomicroscope and LED ring illuminator.
They are designed for trimming and
surfacing of biological, pharmaceutical,
and industrial samples prior to
ultramicrotomy or NIR-investigations.

See our complete portfolio, browse through our product websites and

download application notes related to this brochure
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EM RES102

EM UC7

EM VCT500

The EM RES102 is an ion beam milling
system, that combines the preparation
of TEM, SEM and LM samples in a
single benchtop unit. It enables thinning,
cleaning, polishing, slope cutting and
structuring of different materials such as
semiconductors, ceramics, metal films/
sheets and much more.

The EM UC7 is an ultramicrotome for
ultrathin sectioning of biological and
industrial samples for TEM, SEM,
AFM and LM examination. For sample
preparation for array tomography the
ARTOS 3D can be used.

The versatile vacuum cryo transfer system
EM VCT500 enables the connection of
different preparation techniques to various
analysis devices.

Explore the knowledge portal on EM sample preparation
and get detailed information on application notes, articles and tutorials
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LM Investigation

SOLID STATE
SAMPLE
PREPARATION

LM Solid State Preparation - Mechanical Cross Sectioning
This cross sectioning technique provides for a very fast approach and preparation of the area of interest (AOI). A diamond miller can be used
for ductile material whereas a 0.5 µm diamond foil can be used for the final finish of hard and brittle material. The achieved surface quality is
mostly sufficient for subsequent LM investigation.

Cross section of gold wire bonding

LM / FT-IR Sample Preparation - For Incident and Transmitted Light Investigations
This technique answers morphological questions and allows screening and identifying of contamination in e.g. polymers. For FT-IR micro-spectroscopy the section thickness is in general between 5 µm and 15 µm.

or

or

Optical microscopy of fibrous
contamination
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SOLID STATE
SAMPLE
PREPARATION

SEM Sample Observation
Coating is a necessary, routine processing step for non-conducting samples before SEM as it can eliminate the charging effect during SEM
observation. The coating method is critical for high resolution SEM because improper coating may induce several pseudo structures or phases.

SEM

or

Wool 25 nm Tungsten coated with
the EM ACE200. Courtesy of DI
Dr. Evelin Fisslthaler, ZFE Graz,
ACR, FELMI, Graz University of
Technology

SEM / LM Solid State Preparation - Broad Ion Beam Cross Sectioning
The technique is most commonly used for solid state SEM samples, but can be applied for LM investigations as well. When the sample has a
certain target to be exposed for observation, the sample needs to be well-cut to get the inner structure of the part of interest. Afterwards, for nonconductive samples, coating is necessary to make the sample suitable for SEM observation.

SEM

or

or

Cross section of IC gold wire
bonding
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SOLID STATE
SAMPLE
PREPARATION

SEM / LM Solid State Preparation - Broad Ion Beam Polishing
This technique is used for large solid state SEM or LM samples. When a large area (several cm2) of the sample has to be investigated at a highest
quality level (e.g. EBSD) the sample is mechanically pre-prepared (mirror-like finish) and finally prepared with the ion beam polishing method.

SEM

or

or

Oil shale, diameter 25 mm

SEM / AFM Solid State Preparation - Ultramicrotomy
Ultramicrotomy can be used to prepare a high quality surface on ductile metals, polymers, rubbers or paper. The ultramicrotome allows the user to
set the feed for sections in a nanometer range. The smaller the feed can be set the higher the surface quality will be. Afterwards, for non-conductive
samples, coating is necessary to make the sample suitable for SEM observation.

SEM

or

or

or

Gold grains after sectioning
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SOLID STATE
SAMPLE
PREPARATION

SEM of Environmentally Sensitive Materials - Broad Ion Beam Cross Sectioning
In the case of batteries and other environmentally sensitive materials, it is necessary to keep samples under vacuum or inert environment during
processing. With the EM VCT500, samples can be transferred from a glovebox to the ion mill under vacuum. Afterwards they can be ion milled to
prepare the desired cross section. After milling, samples can be transferred directly to the SEM also under vacuum.

SEM

Cross section of Yttrium;
Praseodym, Neodym, Promethium,
Dysprosium

TEM Solid State Preparation - Broad Ion Beam Thinning
This workflow is useful for solid state samples for TEM, especially for brittle samples, like silicon, ceramic etc.

TEM

TEM image of ZrO2 (ceramic)
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SOLID STATE
SAMPLE
PREPARATION

TEM Solid State Preparation - Ultramicrotomy
This workflow can be used instead of the ion beam thinning method. Many solid state samples such as ductile material (Al, Au, Ms, Cu and their
alloys) can be cut by a diamond knife. This method is a way to get nanometer thin sections for TEM within minutes. In comparison: the ion beam
thinning process normally lasts for several hours and the electron transparent area measures only a few micrometers.

TEM

or

TEM image of Cu_Au layers

Milling of Pharmaceutical Tablets - Mechanical Milling
For certain NIR analysis applications of pharmaceutical tablets it is necessary to produce optically flat surfaces. Mechanical milling offers a very fast
and easy way to prepare these surfaces.

NIR picture of a surfaced tablet
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POLYMERS /
RUBBERS SAMPLE
PREPARATION

LM / AFM / SEM Polymer Sample Preparation - Ultramicrotomy
This technique is used for LM, AFM and/or SEM investigation with a demand of a high degree surface quality. After trimming, the sample is
sectioned in the ultramicrotome which provides for such prerequisite. The smaller the feed (nm) is set the better the surface quality of the block face
will be. The prepared block face is then used for LM, AFM and/or SEM analysis.
or

or

SEM

or

HIPS block faces section with
70 nm feed; AFM image

TEM Polymer Sample Preparation - Ultramicrotomy
Ultramicrotomy is also a widely used method for the preparation of thin sections of polymer materials suitable for TEM observation. The polymer
must be sufficiently stiff to section it at room temperature. For certain polymers this can be achieved by block staining and subsequent sectioning at
room temperature. Other polymers have to be prepared in cryo conditions.

TEM

or

HIPS block stained HAADF TEM
image
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POLYMERS /
RUBBERS SAMPLE
PREPARATION

RT sectioning for Soft Polymers - Ultramicrotomy
In some cases, soft polymers can be processed at room temperature if they are hardened by chemical techniques first. Staining with OsO4 or RuO4
(depending on the polymer) causes the polymer to harden. The polymer can then be trimmed, sectioned/planed and then analysed.

or

or
TEM

SEM

APS block stained, sectioned
with an oscillating diamond
knife; TEM image.Courtesy of
Bob Vastenhout, Dow Chemicals,
Terneuzen, Netherlands.

Cryo sectioning for Soft Polymers - Ultramicrotomy
By cooling down soft polymers in the cryo chamber using LN2 they can be sufficiently stiffened for subsequent sectioning with the ultramicrotome.
Samples can then be sectioned or planed for TEM or SEM/AFM investigation.

or

or
TEM

SEM

Car tire; dry sectioned with UltraSonic Diatome knife at -100 °C ;
TEM image courtersy of FELMIZFE Graz Austria
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POLYMERS /
RUBBERS SAMPLE
PREPARATION

Wet Cryo sectioning for Soft Polymers - Ultramicrotomy
Another preparation method is wet cryo sectioning. For this method a suitable liquid must be chosen, which is usually DMSO. Wet cryo sectioning
allows for thin sections to be floated off on a liquid, making the collection of thin sections easier compared to dry cryo sectioning.

TEM

Ion Beam Milling of Polymers - Broad Ion Beam Milling
Ion milling offers an alternative approach to ultramicrotomy for preparing a polymer for SEM observation. It is especially useful if there are multiple
layers, porosity, or hard inclusions within the polymer. Pre-preparation can be done with the EM TXP. The sample can then be milled in the ion mill.

or
SEM

Glass fibers reinforced polyamide
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POLYMERS /
RUBBERS SAMPLE
PREPARATION

Cryo Ion Beam Milling of Polymers - Broad Ion Beam Milling
Ion milling offers an alternative approach to ultramicrotomy for preparing polymers for SEM observation. It is especially useful if there are multiple
layers, porosity, or hard inclusions within the soft polymer. Pre-preparation can be done using scissors or razor blades to shape the soft material. The
sample is then milled in the ion beam milling instrument using the cryo stage.
or
SEM

Cross section of coaxial polymer
fibres with water soluble portion

Drying of Aerogels / Hydrogels
As-fabricated aerogels or hydrogels must be dried prior to analysis in the SEM. Critical point drying offers a thorough method to dry the gel sample
without compromising its structure. If necessary, the gel can be coated prior to imaging to reduce charging and heat damage to the sample.

P
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c

SEM

ELECTRONIC
MATERIALS AND
SEMICONDUCTORS

Surface Preparation for SEM and LM - Mechanical Preparation
Complete mechanical preparation can be accomplished using the EM TXP. Initial rough cuts can be made with a diamond saw, followed by grinding
and polishing with lapping foils. Final polishing can be done using neoprene pads with pastes or colloidal media. This method is especially powerful
if small samples have to be prepared. Ductile and brittle material can be milled using a diamond miller for fast preparation and defect inspection.
or
SEM

Defect on the lower layer due
to a round cupper metal particle
deposited, which produces
a bump on the upper layer.
Picture was taken with a Leica
DM2700M

Cross Sections for SEM (EDS & EBSD) - Broad Ion Beam Cross Sectioning
This workflow will provide cross sectional surfaces necessary for SEM imaging and EBSD analysis. Mechanical pre-preparation is done by cutting/
grinding with the EM TXP followed by ion milling with the EM TIC3X.

SEM

EBSD OIM image of cross
sectioned wire bond
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ELECTRONIC
MATERIALS AND
SEMICONDUCTORS

Target Preparation for SEM and LM - Broad Ion Beam Cross Sectioning
In this workflow, a micro target (or series of targets) within a sample is prepared in cross section. The EM TXP is used for approaching/aligning the
targets and in-situ observation. The sample is then milled in the EM TIC3X to achieve the desired surface.

or
SEM

Cross section of a solder
bump without thermal
effects. Prepared at a cooling
temperature of -50 °C

Ion Milling of large Surfaces for SEM - Broad Ion Beam Polishing
A large surface can be prepared to a high surface finish with this workflow. Pre-preparation is done with the EM TXP, which allows grinding and
polishing to a mirror-like finish. Then final polishing is carried out by ion milling with the EM TIC3X or EM RES102.

SEM

or

Nickel based super alloy (CSMX-4)
after mechanical polishing (top) and
after additional ion milling (bottom)
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ELECTRONIC
MATERIALS AND
SEMICONDUCTORS

TEM Preparation - Broad Ion Beam Thinning
The EM TXP replaces a series of separate instruments in a workflow encompassing core drilling, disc grinding and polishing. The sample is then
transferred to the EM RES102 where it is milled to electron transparency.

TEM

TEM cross sectional image of
graphene on SiC. Courtesy of
Markus Gruschwitz, Analytik
an Festkörperoberflächen, TU
Chemnitz

FIB Cleaning for TEM - Broad Ion Beam Thinning
When producing a thin lamella in a focused ion beam, the high energy beam in the FIB often causes amorphization of the microstructure of the
material. Gentle milling with a broad ion beam system such as the EM RES102 can remove this amorphized layer and reveal the underlying grain
structure for HR-TEM.

TEM

HRTEM image of SiTiO3
a) specimen lamella prepared by FIB
b) specimen lamella which is further thinned
by Ar-ion milling using the EM RES120.
Courtesy of C.L. Jia, D. Meertens and W.
Sybertz, Research Centre Jülich, Germany
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ELECTRONIC
MATERIALS AND
SEMICONDUCTORS

TEM Preparation - Ultramicrotomy
The EM UC7 offers a quick, cost-effective alternative to ion beam thinning to produce electron transparent sections of semiconductor materials for
TEM. A small piece of a semiconductor can be sectioned within a few minutes.

TEM

or

Si wafer, sectioned with 45nm;
TEM image

Drying of MEMS and Microfluidics
MEMS and microfluidic devices often need to be dried before further analysis. Critical point drying is one technique that can be used to dry these
devices without altering the structure of the device.

P

c

SEM

Lightweight nano structure
metamaterial. Courtesy of J.
Bauer, Karlsruhe Institute of
Microstructure Technology
(IMT), Germany
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METALS, CERAMICS
MATERIAL, HARD
MATERIAL COMPOSITES PROCESSING

Surface Preparation for SEM and LM - Mechanical Preparation
Complete mechanical preparation can be accomplished using the EM TXP. Initial rough cuts can be made with a diamond saw, followed by grinding
and polishing with lapping foils. Final polishing can be done using neoprene pads with pastes or colloidal media.

or
SEM

Cross section of a small screw
and nut from a wrist watch;
prepared without embedding
- SEM image

Cross Sections for SEM (EDS & EBSD) and LM - Broad Ion Beam Cross Sectioning
This workflow will provide cross sectional surfaces necessary for SEM imaging and EBSD analysis. Mechanical pre-preparation is done by cutting/
grinding with the EM TXP followed by ion milling with the EM TIC3X.

or
SEM

Cross section of diamond
particles in an Al matrix
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METALS, CERAMICS
MATERIAL, HARD
MATERIAL COMPOSITES PROCESSING

Ion Milling of Large Surfaces for SEM and LM - Broad Ion Beam Polishing
With this workflow a large surface can be prepared to a high finish. Pre-preparation is done with the EM TXP, which allows grinding and polishing to
a mirror-like finish. Then final polishing is accomplished by ion milling with the EM TIC3X to provide for a high degree of surface quality
e.g. for EBSD.
or
SEM

Contrast Enhancement for SEM - Broad Ion Beam polishing
When working with polycrystalline materials, it is often desirable to process the sample in a way that the grain structure is easily discernible.
In many cases this can be done via chemical etching. However, after preparing a surface in the ion mill, an additional brief milling step can be
conducted at normal or near-normal incident to etch grain boundaries and increase the contrast.
or
SEM

Cu surface after ion beam
milling contrast enhancement;
SEM image
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METALS, CERAMICS
MATERIAL, HARD
MATERIAL COMPOSITES PROCESSING

Ion Milling for TEM
The EM TXP replaces a series of separate instruments in a workflow encompassing ultrasonic disc cutting, disc grinding and polishing.The sample is
then transferred to the EM RES102 where it is milled to electron transparency.

TEM

X5CrNi18, TEM image

FIB Cleaning for TEM - Broad Ion Beam Thinning
When producing a thin lamella in the focused ion beam, the high energy beam in the FIB often causes amorphization of the microstructure of the
material. Gentle milling with a broad ion beam system such as the EM RES102 can remove this amorphized layer and reveal the underlying grain
structure for HR-TEM.

TEM

HRTEM image of SiTiO3
a) specimen lamella prepared by FIB
b) specimen lamella which is further thinned
by Ar-ion milling using the EM RES120.
Courtesy of C.L. Jia, D. Meertens and W.
Sybertz, Research Centre Jülich, Germany.
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METALS, CERAMICS
MATERIAL, HARD
MATERIAL COMPOSITES PROCESSING

TEM Solid State Preparation - Ultramicrotomy
This workflow can be used instead of the ion beam thinning method. Many solid state samples such as ductile materials (Al, Au, Ms, Cu and their
alloys) can be cut by a diamond knife. This method is a way to get nanometer thin sections for TEM within minutes. In comparison: the ion beam
thinning process normally lasts for several hours and the electron transparent area measures only a few micrometers.

TEM

or

Cross section of a pop can, TEM
with EDX

Surfacing for SEM and LM
This method prepares a high quality surface on ductile metals such as Ag, Au, Al, Cu and its alloys. The ultromicrotome allows the user to set the
feed for sections in a nanometer range.

or
SEM

Blocface of surfaced brass; LM
Image
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(CRYO-) VACUUM
TRANSFER

SEM Sample Preparation and Transfer under Vacuum or certain Atmosphere
This is a specific workflow for air-sensitive samples which are known to oxidize fast. The EM VCT500 shuttle provides a well protected atmosphere
for the sample, keeping it in vacuum or certain inert gases. The shuttle can then be connected to several sample preparation instruments and to
microscopes such as a SEM or a FIB.
or
SEM

Cryo-SEM Sample Preparation and Transfer - Freeze Fracturing
This cryo transfer workflow is used for fluid or liquid samples, e.g. cosmetics, food, collochemistry samples etc. The freezing method depends on the
sample character, e.g. water content, form etc. It is followed by freeze fracturing to reveal the inner structure of the sample for further imaging of
the surface in the Cryo-SEM.

SEM

or

or

Sun Screen Lotion high pressure
frozen without UV light
exposure. Courtesy of Dietmar
Pum, PhD, University of Natural
Resources and Life Sciences,
IAGZ, Austria
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(CRYO-) VACUUM
TRANSFER

Cryo-SEM Sample Preparation and Transfer - Broad Ion Beam Cross Sectioning
This cryo transfer workflow is used for high pressure frozen samples including hard and brittle material (e.g. clay with quartz). The sample has to be
kept at a temperature -150 °C during the complete preparation process, from high pressure freezing, over mechanical pre-preparation using the cryosaw, followed by an ion beam milling step and finally transferring it to the Cryo-SEM.

SEM

Compact clay

This workflow uses cryogenic broad ion beam milling in combination with scanning electron microscopy (cryo-BIB-SEM) for imaging and analyzing
the microstructure of cryogenically stabilized soft polymers. It enables the examination of delicate, natural polymers, such as tomato skin and wood,
with a cryo-BIB-SEM. The polymer surface morphology and various microstructural features can be analyzed.

0

Vent

Pump

SEM

High resolution cryo-BIBSEM images of tomato skin
cross section showing fine
details of the microstructure,
courtesy of J. Schmatz, MaP Microstructure and Pores GmbH,
Aachen, Germany
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FURTHER USEFUL
MATERIAL

Learn about Ion Beam Sample Preparation for
Scanning Electron Microscopy (SEM) with our
EM TIC 3X Application Booklet!
In this booklet you can find information about how ion beam
milling can help you to:
>> Generate cross sectional samples for different materials
(semiconductor, metal, stones, paper/wood materials and
thermally sensitive samples)

>> Clean sample surfaces and set contrast enhancement
>> Process large sample surfaces
>> Prepare samples for EBSD

Download now!
Learn how to facilitate and optimize your ion
beam milling protocols using the EM RES102.
Get your Application Booklet now!
In this booklet you can get information about how to:
>> Prepare samples prior to TEM and SEM analysis for different materials such as semiconductors, ceramics metal
films/sheets, and more

>> Clean, polish and remove sample surfaces
>> Conduct contrast enhancement of various materials
>> Prepare different samples with Ion Beam Slope Cutting
(cross sectioning)

Download now!
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