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Nowadays, the development of new materials most often involves the development of small phases or microstructures
(<< 1 pm) that mainly governs the macroscopic behavior of the materials The characterization of such microstructures,

hnainly their grain size, distribution and composition, is of prime importance. The Field Emission scanning electron __ - {Comment [PP1]: Mainly? ]

microscope (FESEM) coupled with an energy dispersive spectrometer (EDS) is usually the characterization technique of
choice since it allows for the observation of a “large” specimen area compared to the Transmission Electron Microscope
(TEM). However, the acquisition parameter must be optimized in order to increase the spatial resolution of the analysis
and break the pum? barrier. Several strategies can be used to decrease the X-Rays generation volume. First, one can
decrease the beam energy and use the L and M lines in their analysis. Second, one can decrease the overvoltage [1] and
use the K lines. Finally, one can decrease the specimen thickness and work at high energy. All of those strategies will be

evaluated both theoretically and ‘experimentallyl for the analysis of retained austenite in a super-martensitic stainless steel _ _ - | Comment [VN2]: Ou sont les résultats
(AISLA15). expérimentaux?

We present in Figure 1 a FESEM micrograph showing the residual austenite (RA) found between the martensite lathes.
The lamellas are less than 200nm in width and have a high Ni concentration (12% versus 4% for the martensite matrix).
The goal of this work is to do the highest resolution X-ray mapping possible of the RA. We will use several simulation
engines (Casino[1], Penelope[2], Oxford spectrum synthesis[3]) to find the best strategy.

7777777777777777777777777777777777777 diameter...

In Figure 3, we present the simulated X-ray profild at the edge of the RA for the Ni L and Ni K at 2, 5 and 10 kV. The __ - ‘{Comment [PP3]: Peut-étre mentionné le beam }

angle and a 14.8 mstr solid angle corresponding to a fully inserted 30mm® Si(Li) detector on a Hitachi S-4700. It is o ‘[Comment TA2IB andt

important to note that, usually, only relative X-ray intensity is reported from simulation programs. The detector
efficiency is taken from nominal transmission from Moxtek AP3 window combining film and grid (25% for Cr L and

77% for Cr K). We also computed the minimum intensity (In) to get a meaningful statistical peak I, = 3*(2136)'/2,
where (Igg) is the background intensity under the peak calculated using a spectrum synthesis form Oxford and an “in-
house” deconvolution program. In Figure 4, we compared the Casino and PENELOPE results. It is very interesting to
note that the net intensity (not relative intensity) is very similar for all the simulation programs used even though they
use very different physics. H’ENELOPH} intensity seems to be higher than Casino most probably because of the choice _ _ - ‘{Comment [PP5]: Iis Iécrivent toujours en
of X-ray cross-sections (Casnati for Casino and Bote [5] for PENELOPE-2008). Figure 3 and 4 clearly shows that, at 1 majuscules

sec acquisition time, the Ni K lines at low overvoltage and the Ni L at 2 kV are too close to their minimum values. The

best solution would be to use the Ni L at 5 kV.

We present in Figure 2 simulations of the Ni K X-ray signal coming from high energy electrons hitting a thin film
showing an optimum spatial resolution for a 100nm thick film and a 30kV beam of 1 nm size. Using thinner sample
only decrease the detectable Ni K intensity However, the Ni L X-ray count rate coming from a bulk sample is more than
two times higher at 5 kV (cf. Figure 3) but the spatial resolution is lower. Both acquisition conditions will be
experimentally tested.

In conclusion, using simulations (first principles and Monte Carlo) to compute the net detected intensity is a powerful

technique to find the optimal experimental conditions to obtain X-ray mapping with the best lenergyl resolution. It was __ - {Comment [VNG6]: spatial J

found that, for our low Ni concentration system, performing the analysis at 30 kV on a 100nm thick sample gives the
best spatial resolution. However, better counting statistics can be obtained from a bulk sample at 5 kV. Using the K
lines at low overvoltage (~1.2) seems to give low counts rates.

https://doi.org/10.1017/51431927609093994 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927609093994

Microsc Microanal 15(Suppl 2), 2009 481

References

[1] Newbury, Microsc. Microanal. 8 (Supp 2), pp. 434-435 (2002)

[2] Hovington et al, Scanning, Vol 19, pp.1-14 (1997),

[3] Baro, et al., Matter Nuclear Instruments and Methods in Physics Research B, 1995, 100, pp. 31-46
[4] INCA is a trademark of Oxford Instrument] (Patent EP1736759)

[ Field Code Changed

ST . Comment [PP?]: Pom simplifier le gra]?higueje
(TOA=40°, 0.0148/str, 1nA, 1 sec) /’ pense que ce serait mieux de montrer la variation de
/| la résolution selon I’énergie et I’épaisseur du film..
L[~ @~ NiL10kvBuK I
$=NiK 10KV Buk I| RML: Ou du moins normaliser par rapport au signal
= & NiL 10kv 100nm sereas 0-0-© | i
o H —*—NiK 10KV 1000m B | | dans une des phases pures.
@ || = # NiL30kv 100nm Le-® Retirer le mot Casino de la légende.
55 g —#—NiK30kv 100nm 2 ! . : : i
BE o Nt 1orysomm - 1| Lalégende ne cite que les raies L alors qu'il y a
E S ——Ni K 10KV 50nm o o /’ également les raies K dans le graphique.
ER-| NiL 30KV Som | o @ -@° | Tu ne patles pas des raies K dans ton texte. Peut-étre
28 e S e --# | peux tu les retirer du graphique pour le rendre plus
N =5 O I clair.
3 g / e .Y [ o] |
: - I
» x - -
O N e .--e--®-"* 100 ;
& ; |

S-4700-HQ 10\DI4V 12.2mm x10.0k SE(L) 9/2‘1 /0[8 L:‘:un"’:y ‘
E o . - . o
Position (nm) /’
Figure 1 Typical electron micrograph of super- Figure 2 Ni X-ray detected counts for 1 sec and InA at high
martensite stainless steel showing the Residual energy (10 and 30 kV) for bulk and thin sample (100nm and 50
Austenite (RA) nm). We used a 5 nm and 1 nm beam diameter for the

simulation at 10 kV and 30 kV respectively.
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Figure 3: Ni X-ray detected counts for 1 sec and 1 nA | Figure 4: Ni X-ray detected count for 1 sec 1nA at low energy
at low energy (2, 5 and 10 kV) for a bulk sample using | (2, 5 and 10 kV) for a bulk sample using the Casino and
Casino. We also present the minimum detectable | Penelope simulation engines. We used a Snm probe diameter
intensity for Ni L and Ni K. We used a 5Snm probe | at 2 KV and 5 kV. PENELOPE simulations used single point

diameter at 2 KV and 5 kV. electron beam.
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