P

g METHOD FOR IMPROVING FIB
PREPARED TEM SAMPLES BY VERY
LOW ENERGY Ar* ION MILL
POLISHING

Yaron Kauffmann, Tzipi Cohen-Hyams, Michael Kalina,
Hila Sadan-Meltzman and Wayne D. Kaplan

Dept. of Materials Engineering
Technion, Israel Institute of Technology, Haifa, 32000, Israel

EFUG 2010, Gaeta Italy



HR-S/TEM Sample Preparation

» Sensitive & Brittle Samples
» Site Specific

- Experimental ot
» Fast and reliable methods Pl Atomistic structure
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¢ Quantitative high resolution S/'TEM imaging
» Need very thin specimen (t < 20nm)
» FREE of SURFACE DAMAGE and CONTAMINATION

¢ Electron Energy Loss Spectrometry (EELS)
» Need very thin specimen (t = 20-30nm)

» Demand for an optimized TEM sample preparation



FEI Strata 400S Dual Beam FIB




FIB TEM Sample prep.
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* lon Implantation
* Defect Generation

* Sputtering of sample atoms

Surface

* Local heating of the sample

» Site Specific

» Fast and Easy

» Imaging during
preparation

» Amorphization
» Curtaining effects
» Material redeposition



Surface Damage

nm

Surface amorphous layers for cross-sectional TEM of Si single

crystal samples (a) prepared with typical ion milling condition and
(b) processed in the plasma cleaner with a bias of 70V for 8min.

D-SKao. et al.,Ultramicroscopy 107, p.368 2007
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Curtaining Artifacts

» Different materials mill at different rates
» Mill rate = f (Z, hardness, topology, grain orientation)
» Artifacts could appear beneath interfaces of dissimilar materials

» Material removal at any given layer will be affected by the material above the layer
» Soft (high mill rate) materials - ridges may appear on

» Hard (slow mill rate) materials - masking

» Topography and voids contribute to non-smooth mill fronts

o

David Wall, FEI 1] ) g e




Previous Optimized TEM Sample
Preparation Methods

» Thinning at low energy (5kV) Ga ions and a low incident ion angle (D1°)
resulted in a significant decrease in the amount Ga irradiation damage and local
bending of the specimen,

(M. Baram & W.D. Kaplan, J. Microscopy, Vol. 232, 2008).

» Back Thinning to reduce curtaining
(David Wall & Alex Buxbaum, FEI)

» A TEM sample preparation system using Adaptive lon Milling (AIM)
technology with Xe (Sela Ltd.) - useful only for Si technology



Post FIB Optimized TEM Sample Preparation
Using the IV8 GentleMill

» Inert gas (argon) is ionized
and then accelerated toward
the specimen surface. By
means of momentum
transfer, the impinging ions
sputter material from the
specimen at a controlled
rate.

V8 Gentle Mill Technoord.inda Ltd., Hungary).

»lon accelerating: 0.1 - 2.0 keV
»lon source currents: 7uA - 60pA.



The IV8 GentleMill User Interface

GentleMill Control Software 5 - [GeMICS_v5.3.0] - Automatic thinning mode
View Help 12/6/2009 10552 PM
Sample motion and position control

Sarmple holder motion
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Optimized TEM Sample Preparation

Final Thinning using the gentle Mill:
» Tigrids to minimize redeposition

» Different protection layers: Pt/C/SiO,

» Different positions on the Ti grid

» Angles/Oscillations positions
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Parameters to be Optimized

lon energy Z - sputtering rate Z and bombardment induced damage Z
Milling time.

Angle of incident ion beam (0) ¥ - sputtering rate ¥, bombardment
induced damage ¥ and shadowing Z

Oscillation angle (¢) ¥ - curtaining effects Z (P' :

V.~.

Type of protection layers: Pt/C/SiO, - protect the area of interest / shadowing /
conducting or non conducting.

Type of supporting grid - minimize redeposition.

Position of the FIB lamella on the supporting grid - minimize redeposition.




Characterization Methods

< FEI Titan 80-300 KeV S/ITEM equiped with:

» Cs corrector for the objective lens - for high
resolution imaging.

» HAADF STEM detector - for Z contrast.

» Gatan EELS detector with EFTEM capabilities -
for thickness maps acquisition




Example #1 & Ni Nanoparticle on Sapphire Substrate

Mo grid
300KeV

sapphire substrate

Apm

HAADF STEM micrograph of a FIB lamella containing a
nickel nanoparticle on a sapphire substrate before
GentelMilling



Example #1 & Ni Nanoparticle on Sapphire Substrate

300KeV 4

HAADF STEM micrograph of the FIB lamella after 30
minutes of GentelMilling at 200eV, 6 =15°, ¢ +20°



Example #1 8 Ni Nanoparticle on Sapphire Substrate

300KeV
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HAADF STEM micrograph of the FIB lamella after 90
minutes of GentelMilling at 200eV



Example #1 6 EFTEM Thickness Maps
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Example #1 & EDX Analysis
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EDX spectrum showing the problem of
redepaosition from the Mo FIB grid
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Example #1 8 Amorphisation Test

300KeV

4nm Raw image Bragg Filtered image Difference image




Example #1 & Amorphisation Test

300KeV

300KeV

Vacuum

HRTEM micrograph of the sapphire edge
showing no presence of any amorphous layer.



Example #2 - Sapphire Substrate

Ti grid

Pt protective layer

A,

HAADF STEM micrograph of a FIB lamella containing a
bulk sapphire substrate before GentelMilling



Example #2 - Sapphire Substrate

J00KeV

HRTEM micrograph of the FIB prepared sapphire .



Example #2 - Sapphire Substrate

300KeV

& (wm

HAADF STEM micrograph of the FIB lamella after 90
minutes of GentelMilling at 200eV



300KeV

Example #2 - Sapphire Substrate

HRTEM micrograph of the thinned sapphire edge

showing no presence of any amorphous layer.



Example #3 6 Au/Sapphire

T e

Sapphire

Sapphire

Before GM milling After 20 min GM milling,
8° tilt and +40° rotation

STEM HAADF micrographs of the thinned Au/sapphire
sample



Example #3 6 Au/Sapphire

Sapphire

After 80 min GM milling, 8° tilt and +40° rotation,
only carbon redeposition

STEM HAADF micrographs of the thinned Au/sapphire



Example #3 0 Au/Sapphnr'e

STEM HAADF of the thinned Au/sapphire



Example #4 8 Ti,Si; Islands on Si(111) Substrate

Mo grid

M micrograph of a TiSi, is|
substrate

and on a Si(111)

Courtesy of Dr. M. Garbrecht



Summary & Conclusions

» Post lon polishing reduces, significantly, the damage induced by the
FIB sample preparation

» The optimum procedure is:

O Lift-out on Ti grids onto the top of the pole
0 Thinning the sample to ~120nm using the FIB

O Post lon milling using gentle mill at low energy (350—200eV)
and high incident ions (£8° following by +6° )




Future Work

Find the optimum conditions for other materials systems.
Further optimization of the Ti grid shape.

Quantify the sputtering rate of different materials and different ion
energies using the EELS thickness map method.

Try to use Xe* ions instead of Ar* = less ion implantation and surface
damage.



