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Reprinted from:

PROCEEDINGS OF THE Xth COLLOQUIUM
SPECTROSCOPICUM INTERNATIONALE

HIGH PRECISION MICROPROBE ANALYSIS BY
THIN METALLIC FILM CALIBRATION

R. Theisen and J. Lema%\t're
EURATOM, CCR
Ispra, Italy

INTRODUCTION

With the increasing availability of electron microprobes,
the theory of quantitive microanalysis has been the object of
new investigations.

Starting from the calculations published by R. Castaing in
histhesis[1], it hasbeen attempted to establish experimental and
theoretical correction formulae for local microprobe analysis.

The effects of diffuse penetration of electrons and mass
absorption of X-rays in the anticathodes [2-7], the effects of
fluorescence excited by characteristic radiations [8-10] and of
enhancement by the continuous spectrum [11]have beenevaluated.

Measured X -ray intensities and calculated values of binary
alloys are in reasonable agreement except:

a. At low concentration,

b. for great atomic mass difference of components com-

bined with secondary fluorescence emission,

c. for analysis of inclusions (direct emission and fluo-

rescence enhancement of matrix).

For high precision analysis of these alloys (no limitation
in number of components) in the absence of calibration stand-
ards homogeneous on a 1/ scale, the use of thin films, 0.01 to
0.1/, obtained by ultramicrotomy permit high resolution anal-
ysis with negligible absorption and fluorescence corrections.

THEORY

Suppose, an electron beam of intensity I, impinges per-
pendicularly on a metallic film of thickness z cm. The intensity
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of the characteristic radiation I, collected from a constant area
at an emergent direction 6 will be [6]:

M; Z
Ie =K I, [ e e @mecl dg, (1)

Z=0

where

X
I

constant depending on the voltage ratio V/V,,
M,/A, = number of atoms T per unit volume,

a = K/V? (V being the accelerating voltage),

p = ZM, = density,
M, = mass of element T per volume unit,
A, = atomic weight of element T,
U /p = mass absorption for characteristic radiation

in analysed alloy.

A considerable simplification is obtained when z and a be-
come so small that the exponential term approaches unity. The
physical significance of this simplification is that absorption
effects are negligible.

By using sufficiently thin samples (0.014) and a highly ac-
celerated electron beam (35 KV and more if possible), it is
possible to assume a direct proportionality between the charac-
teristic X-ray emission and the masses per unit area of the
analysed elements.

— =M, . (2)
IA/I(A) is the ratio of X-ray intensities emitted respectively in

the K @ (A) line, under the same experimental conditions by the
pure element A and the analysed alloy. Similarly

I
B \
- MB ’ (2 )
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General use of this method is limited by the delicate and

time consuming preparation of samples and standards.

Application includes microanalysis of small inclusions and

setting up of calibration curves for complex alloys. Further-
more, projection X-ray metallography combined with electron
probe microanalysis may lead to valuable information in physi-
cal metallurgy.
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