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ATOMIC AEM - POISSONIAN PRUBLEHS FROM GAUSSIAN FPROBES!
Graham Cliff and Peter B. Kenway

Manchester Materials Science Centre, University eof
Manchester/UMIST, Grosvenor Street,Manchester,Hl THE, UK.

In & previous paper (1}, the authers have described the
engineering requirements needed to detect one atom in the
analytical electron nicroscope (AEH) by using x-ray
microanalyis. Whilst the reguirements to achieve this goal
cannat be apecified at present for a particular instrument,
the specification for machines being developad by Vacuum
Generators have a caleulated minisum detection limit [(HDL)
of fewsr than 4 atoms (2). At these detection limits the
usual Gauwssian atatistics which have applied in AEM give way
to Poelssenian statistics. This paper will look at some of
the interesting consequences of AEM at the atomic level.

The energy dispersive x-ray spectremsters (EDS) used in AEM
have percentage detection limits uwsually quoted as about 0.1
wt. %, For this to equal 1 atem as the HWDL., the analysed
wolume, defined by the probe diameter and the specimen
thickness, muat contain about 1000 atoms. For a field
emigsion gun [(FEG) on an AEM, sufficlient current (lnA) can
be obtained in a small encugh probe (lnm FWHM] (3) te allew
analysis from a volume containing 1000 atems (assuming
adequate x-ray detection sensitivity) if the sample is about
20 atoms thick. A model of a suitable sample is shown in
figure 1. It has & thickneaa of anly 20 atoms {for Cu this
would be about 5 nm). The volume of such & medel sample,
having a surface area of 2500 sguare nm (50 nm on each
side), contains about one millieon atoms. Im this model-
volume 1000 sclute atoms are randomly distributed. The
solute concentration is therefore 0.1 %X. Columns of this
modal specimen wers analyaed thesretically, with probe sizes
varied to alter the velume of specimen sampled. We were thus
able to meniter the results that would be cbtained during
the courae of multiple point analysis in an AEM that had
atomic detection sensitivity!

Figure 2 shows the caleulated results of 25 randomly leocated
‘podnt anslyses in the model sample., It is assumed that the
probe size and EDS detection efficlency allew an MDL of 2
atoms at the EIS detection limit of 0.1 %. MNote that for a
aample of mean compositien 0.1%, the data predicts that as
many qy-ﬂ resulte from 25 analyses wauld not detect any
solute, Hole also the ssymmetric nature of the Poissonian
frequency distributien Pi{r) of the data. This is a
consaquence of the small number of solute atoms in the
. sampled volumes. The frequency distribution of multipla
. podnt snalyses will booome more asymmotric as the prebe

- #iges decrease and collection efficiences are inoreased.
When the MDL becemes lems than one atom this effect will be

AR

noat dramatic. Figure 3 shows 48 theoretical analyses from
the 0.1 % model sample, analysed in an AEM for which the
MOL has a calculated value of 0.3 mtoms. It i@ notewarthy
that 21 analyees would not detect mny solute element because
there are no solute atoms in the interaction volume!
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FIG 1.--Part of a 50x50nm area of & model sample 20 atoms
thick. Selute atems are randomly distributed through the
podel pample. Most atom columns have fewer than one solute
atom. Columns marked 2 have £ atoma. Only 11 atom celumns
had £ atoms and none had mere than & atoms. Circles
represent analysed regions of sample. Area (A) contains ne
solute atoms, (B) contains 2, whilst (C} eontains 6!

FIG 2.-- Caleculated analysis results of 0.1lwt.® solute in a

- model binary sample. The Polssenian frequency distribution

Fir) of the analysis results has a mean at 0.1% eguivalent

to & 2 atom MDL.
FIG 3.-- Caleulated results frem the same model specimen of

figure 2. Here the distribution of analyses is caloulated
far an AEM with an MDL «f 0.3 atoma.

1229



