Post FIB clean up of TEM lamella using broad argon beam polishing
(PIPS II system)
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Introduction

Sample 1: Low mag TEM images showing post FIB clean up

The preparation of samples for TEM is as old as the TEM. For a
long period of time the most common techniques were
mechanical thinning followed by either electro-polish or a broad
argon ion beam for final thinning to perforation. Both techniques
required experience and knowledge learned from doing and not
via a book.

Removal of FIB produced amorphous
surface layers in this sample. The top
two images show the result from final
FIB polish at 5000 V. Images below
are taken after polishing in the PIPS
II system at 90 s to both the top and
bottom surface at 100 V and the
argon guns angled at 8 ° to the
surface. Sample temperature during
polishing was -80 °C.

Focused ion beam (FIB) has become the more practical way of
preparing TEM samples in spite of cost, due in part to the
simplicity of the process and the ability for site-specific
preparation.
However, there are drawbacks with Ga FIB prep associated with
Ga interactions with the sample. These drawbacks include
damage to the lattice and/or Ga chemical interaction with the
lamella.
As a result, argon ion beam ion polishing has found a new role
as the final step to produce near perfect samples for ultra high
imaging and analytical analysis in today’s TEM.

Experiments
In this study, the quality of FIB prepared TEM samples was
improved and the FIB induced amorphous layer thickness was
reduced by the use of low energy (100 eV), broad beam ion
milling in the Precision Ion Polishing System II (PIPS II) from
Gatan.

Sample 2: Multi-layer InGaN/GaN
Sample preparation conditions
• Final FIB polish: 3000 V

Fast atomic EELS analysis
GaN/InGaN multilayers:

• PIPS II system

• Total exposure time: 220 s

• 120 s

• EELS spectrum: 200 – 2200 eV

• 100 V

• Converge angle: 28 mrad

• 7 ° tilt on top & bottom

• Collection angle: 90 mrad

• -80 °C

• Data size: 550 x 127 pixels
• Total EELS spectra: 69850

Ga L map

Multiple new features in the PIPS II system such as improved
focused of the ion beams at low energies, X-Y alignment stage,
optical camera along with DigitalMicrograph™ imaging software
and stationary milling mode all make it possible to use the PIPS
II system for post FIB damage removal.
The most important feature from other broad argon beam
systems available is the X,Y stage. This feature permits
alignment of the center of the stage, the center of the beams and
the lamella in order to reduce or minimize re-deposition from the
grid material onto the lamella.

Several FIB prepared specimens made of different materials
were polished in the PIPS II. In the case of lift-out samples, they
were mounted on either Cu or Mo OmniProbe™ grids.
Specimens were imaged before polishing in the PIPS II system,
in order to provide a reference of the sample condition after
preparation in the FIB. Samples were then polished using low
energy Ar ion guns in stages with sequential observation in a
TEM. Argon beams were set to mill at incident angles >8 ° from
either top or bottom. Samples were cooled during polishing to
reduce heat induced damage. Milling the samples in Stationary
mode and focused ion guns at low energies made it possible to
polish the FIB sample efficiently at 100 eV.

Enlarged region

Sample 3: Semiconductor device
The color images on the left
After FIB
After FIB
show the thickness maps** of
the same area in the device,
captured after milling in FIB
(H-bar) and low energy milling
in PIPS II system (300 eV
beam, stationary milling
mode, 130 s). Sample
thickness can be compared in
these two images using the
After 130 s in PIPS II After 130 s in PIPS II profile lines averaged along
the arrows shown in the
graph below.
TEM micrographs on the
right, show high resolution
images taken before and after
low energy ion milling in PIPS
II system (taken from the
areas shown by yellow
squares on the thickness
maps). By reducing the
sample thickness, parts of
FIB induced damage on the
sample surface has been
removed.
**Rainbow color scale on the thickness maps varies
from 0 (black) to 4 (white) mfp.

