. 'W. Bailey, | Bentley, and I A Small, Editors, Proc. Sieh Anrsd Mecting of the Elecmon H'-Frimuw Sooiery of -
jibs : el jeinily with the 2k Annws] Meeing of (e Microbe= :-::rl';i:uyw iy
Auurisal Mesting of the Micsassspioal Scceery of CaradafSock scepie du ™
cmn;;ww EMSA Puu'-u.cll try an Frameisce Press, Inc. Box AIGE00, San Pranciscs, TA B140-4800, USA

AEM: PROM MICRONS TO ATOMS
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wManchester Connectisn® with analytical electron microscopy (REN)
:];:. m:::k to 1913 and the work of Mosaley which was El!‘lz"ziﬂ aut in
the Physics Department of the University of Manchester . It wag
Momeley Wwhe first peinted out that there is a simple relaticnship
between T, the atomic number of an element, and Ey,the energy of the
characteristic K-shell X-ray. This relationship is enshrined in

Mogeley's Law, Ey = 10.3(2-1)%.

The origin of the arn bulk microprobe analyzer lies in the Fh.D.
preject of Castain Under the supervisien of Guinier, Castaing
combined an electron microscope and an X-ray spectrometer and

sbtaimed a current of a few nh in an electron beam under a micron in
diameter. Although enormous advances were made in instrumentation and

guantification in the 1950's and 1960's, the spatial resolution fer
nicroprobe analysis remained at about 1 or a mass of about 1074y,
ne matter how small the diameter of the incident electron beam. This

limitation arises fram the physice of the interaction of a h!.w:.

energy electron beam with a solid sampla.
It was only possible to make a significant improvement in the spatial

resoclution fer analysis by eliminating the diffusion-limited,

activation-volunae inharent in bulk microprobe analysis, i.e. by using
a thin spacimen. Duncumb® made the firat attempt to combine the the
transmission electron microscope(TEM) and electron microprobs
analyzer (EFMA) into EMMA-1, an “"upside-down"™ Seimens electron
microscope fitted with a crystal spectrometer. With this instrument
puncumb obtalned chemical information from thin samples, but the
electron optics were not designed to form a fine analytical

[
The most significant results were obtained from extraction ra‘plm 'E

The experience with EMMA-1 led, via two two prototype instrume
EMMA-2 and EMMA-3, to the joint development by Cooke and Duncunb
(Tube Investments Research Laboratories) and Openshaw (AET Scientif
Apparatus)” of the first commerciasl analytical TEM, EMMA-4, which was
based on an AELI EM80Z TEM. The first instrument sold was install
‘the Hetallurgy Department of Manchester University in 1970. E
was fitted with twe erystal spectrometers (the original ene
dispersive analyzer was a gas-flow proportiocnal-counter) and ag
of X-rays was a major design problen. Cooke and and Opens :
overcame this problem by the use of a conisal "Lepoole minilens" to
form the analysis prebe which had a long working distance of 3.5 B
and, by today's standards, a large walue of Cr 4.2 cm. With EMMA—E
it was possible, for the first time, to form an analyeis probe
mi diameter 0.13 pm which contained a current of 10 to 100 |
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With EMMA=4 and a sample 100nm thick it was possible te obtain
analytical information from a volume “10 um®

since 1370 the spatial resolution for analysis in the analytical TEM
has increased dramatically. The high X-ray cellection efficiency
afforded by an snergy-dispersive spectrometer (0.05-0.2 Br as
cempared to 0.01=0.003 sr for a wavelength—dispersive spectrometer) ,
high brightness esourcea, Iimpreved probe-forming lenses and 1:h:_|II
correct use of apertures to limit the effects of spherical aberratieon
have combined to produce a decrease in the analysis wolume and the
pinisum detectable limit(MDL). The decrease in MDL with time from
1960 to the present is shown in Figure 1. It is interesting to note
that the extrapolatisn to one atom occurs in the 19%%0%s.
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Figure 1. MDL as a function of year.
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