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In-situ Lift-out Preparation
of TEM Lamellas
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Introduction

In-situ lift-out preparation is the state-of-the-art tech-
nique for FIB prepared TEM lamellas. It unifies all the
advantages of classical and Ex-situ lift-out preparation
techniques. Using the Ex-situ lift-out preparation the final
lamella - fine polished and thinned down to the desired
thickness - is picked up and transferred onto a support
film of a suitable TEM grid. The presence of the support
film inhibits all possibilities of post-preparation or post-
thinning (if it turns out that the lamella is still too thick).
Especially for EELS or High Resolution (HR) investigations
the additional thickness of a homogeneous amorphous
support film limits the results. If a holey carbon support
film is used it is very difficult to place the TEM lamella
with the area of interest exactly over an opening in the
support film. It is therefore desirable to attach the TEM
lamella to a special TEM grid which has no restrictions for
post-preparation operations.

In-situ lift-out procedure for
FIB prepared TEM Lamellas:

The complete procedure has the following steps:

« deposit a protective layer over the area of interest
o mill both sides of the membrane
o pre-cut the milled micro specimen
« attach the manipulator tip to the pre-cut
micro specimen
« final cut of the micro specimen
« lift out of the micro specimen
« attach the micro specimen to the TEM grid
« cut the micro specimen off the manipulator tip
« end-polishing to produce the TEM lamella

Enabling the Nano-Age World®

The sample and the TEM grid are both mounted on a
specimen holder for TEM preparation. There are TEM grids
available especially designed for In-situ lift-out prepa-
ration like those provided by Omniprobe for example.
Instead of a TEM grid one half of a slit or double slit aper-
ture cut into two pieces perpendicular to the slit can be
used. The TEM grid is mounted upright on the specimen
holder. After loading the sample holder, via an airlock,
into the specimen chamber the bulk sample is brought
into the eucentric plane at the coincidence point. The
stage is tilted to 54 deg corresponding to top view FIB and
side view SEM.

The live imaging mode of the ZEISS CrossBeam® with
the GEMINI® FESEM column together with both the In-lens
SE detector and the standard Everhart-Thornley chamber
detector enables the production of site specific TEM

lamellas with an unrivalled accuracy.

Fig. 1:
CrossBeam® 1540EsB with GEMINI® column o
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A platinum or tungsten protective strip is
deposited at the site of interest by ion beam
induced deposition (see Fig. 2). If the surface
or very thin layers near the surface are of
interest for the TEM observation an electron
beam induced deposition of about 200 to
300nm is carried out prior to the ion beam
deposition. An initial electron beam deposi-
ted protective layer rules out any possible
damage caused by the ion beam to the outer-

most surface.

In the next coarse milling step two cross-
sections are cut from both sides towards the
protective strip (see Fig. 3). The created mem-
brane is further thinned to a residual thick-
ness between one and two micrometers.

Fig. 3
Before the pre-cutting and extraction steps of
the micro-specimen the stage is tilted to zero
deg. Now the ion beam images the sidewall
of the section and the electron beam is
normal to the surface. In this geometry the
U-shaped pre-cuts are made by ion beam mil-
ling. Only a tiny connection of the membrane
to the bulk near the protection strip is left.
For the lift-out a very fine tungsten tip is
positioned using the micromanipulator (see
Fig. 4).

Fig. 4
The tungsten tip is positioned very close to
the protection strip on one side. The manipu-
lator can be moved extremely accurately on

the nanometer scale (see Fig. 5).
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The pre-cut micro specimen is attached to the
tungsten tip by ion beam induced deposition
(see Fig. 6).

Fig. 6
The micro-specimen attached to the tungsten
needle is cut completely free from the bulk
sample by ion beam milling. Then the stage
is lowered until the membrane is out of the
milling groove (see Fig. 7).

The tungsten needle is retracted to a safe
position. The stage is moved to the upright
standing TEM grid and the site of attachment
is brought into the coincidence point of the
E-beam and the lon-beam. The stage is still
at zero degree tilt angle (top view SEM, side
view FIB). By retracting and moving the
macromanipulator needle the attached micro
specimen is positioned at one of the inner
sides of the TEM grid for attachment. In Fig.
8 a top view SEM image shows the positioned
tungsten tip, the five capillaries of the gas
injection system and the upright standing
TEM grid. In Fig. 9 the site of attachment is
shown at a higher magnification.

Fig. 8 and 9
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The micro specimen attached to the tungsten
tip of the micromanipulator is located very
close to the site of attachment. The stage is
still at zero degrees tilt angle (top view SEM,
side view FIB).

Imaging by FIB from the side allows precise
connecting of the micro specimen to the grid
and cutting the micro specimen off the tip of

the micromanipulator needle.

In Fig. 10 the site of attachment and the
positioned micro specimen is shown prior to
connection by FIB imaging.

Fig. 10 and 11
In the next step the tungsten tip is cut away
from the TEM block and retraced to the par-
king position (see Fig. 12). Figure 13 shows
an overview with the attached specimen at
the middle tooth of the TEM grid.

After the attachment the membrane is fine
polished and thinned down to the desired
thickness. For this operation the stage is
tilted to 54 deg tilt angle (SEM side view, FIB
normal view). The lamella is fine polished
until the site of interest is reached (see
Fig. 14). The unique FESEM live imaging
capabilities during ion polishing allows the
operator to control the milling process and to
stop very precisely at the target location. In
this case the final lamella should go exactly

through the center of the copper vias.

Fig. 12 and 13
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After having met the exact site of interest by
ion milling from the back the TEM grid is rota-
ted by 180deg. Now the TEM lamella is fine
polished and thinned to the desired thickness
from the front. The live imaging capabilities
allow full control over the complete TEM
lamella preparation process.

There are two detectors for live SE imaging
available: the GEMINI® In-lens SE detector
and the standard chamber type Everhart-
Thornley SE detector. Each of them provides a

different type of information. If the In-lens SE
detector is used no transmitted electrons are
imaged. Only the secondary electrons coming
from the lamella surface are detected. Fig. 15
shows the in-lens SEM image of the final
lamella: the surface of a very thin membrane
is imaged. Using the In-lens detector for live
imaging during ion polishing, it can be clear-
ly detected where the ion beam hits the side-
wall of the lamella or if the lamella starts to
bend.

Using the chamber SE detector it can easily
be observed when the membrane starts to
become electron transparent. The electron
transparency gives instant feedback on how
homogeneously the membrane is thinned. In
Fig. 16 the final TEM lamella is imaged using
the chamber type SE detector. It shows the
different electron transparency of materials at
a given membrane thickness. The copper lead
and vias appear dark, the metal protective
strip on top starts to become transparent and
the substrate and the passivation is almost
fully transparent at 5kV electron energy.

Fig. 15 and 16

Fig. 17 shows the geometrical position of the
sample and the detectors during ion milling
in the CrossBeam®. The In-lens detector is
located in front of the sample and records
information about the sample surface. The ET
(Everhart-Thornley) detector is located behind
the sample and records SE that are emitted
from the reverse side of the sample. This sig-
nal provides information about the electron
transparency of the sample.

Fig. 17
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Global Solution Provider

The Nano Technology Systems Division of Carl Zeiss SMT provides
its customers with total solutions featuring the latest leading-
edge EM technology. The company’s extensive know-how,
meticulously acquired over 60 years in the field of E-beam
technology, has brought many pioneering innovations to the
market. Our global applications and service network guarantees
fast, reliable and high quality support sharply focused on
customer requirements. Combined with dedicated upgrade
strategies, this will protect your investment for its entire lifetime.
The core technology embedded in our innovative products
enables us to provide solutions which add value to our customers’
business.

Enabling the Nano-Age World®
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Fig. 18: STEM image showing the result of the TEM lamella preparation:
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