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Electron probe micro analyzer is used for the composition analysis of a wide variety of materials, and its
quantification is almost established as a ZAF method. The quantification of MgGe alloy, however, showed
an anomalously-high total concentration (i.e. 120%) of the elements of Mg and Ge. The previous analysis of
MgGe alloy was not considered to be correct according to the additional fact that the estimated
concentrations of Mg increases with the accelerating voltage of the electron beam. Because the mass
absorption coefficient of Ge for Mg Ka, is an essential parameter of the ZAF method, we then determined
the mass absorption coefficient of Ge for Mg Ka by using measured X-ray peak intensity ratios of Ge and
Mg of MgGe alloy to the standard materials (MgO and Ge). The resulting mass absorption coefficient of Ge
for Mg Ka was 5561+200 cm?/g which were obtained between the electron-beam accelerating voltage of
15kV ~ 30kV. It is smaller than the previous mass absorption coefficient of 7510 cm?g, which lead the
anomalous quantification error. The difference of the mass absorption coefficients must be caused by the
difficulty of the measurement of the mass absorption coefficient of Ge for Mg Ka, the energy of which are
close to the Ge L, and L absorption edges.
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Table 1. Parameters used for the MC calculations.

Total Cross Section Mott[6]
Partial Cross Section Mott[6]
Effective Section of lonisation ~ Casnati[ 7]

Joy and Luo(1989) [8]
Soum et al(1979) [9]
Joy and Luo(1989) [8]
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Fig. 1. Identification results by X-ray diffraction pattern of Mg,Ge alloy
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Fig. 2. X-ray mappings of O Ka, Mg Ka, Ge Ka X-ray and
SEM image for Mg,Ge alloy at 15 kV.
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Fig. 3. Relative intensities of Mg Ka and Ge Ka X-rays for
Mg,Ge alloy to the reference specimens (MgO and Ge
metal) as a function of electron beam energy.
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Table 2. Mass absorption coefficients of Ge for Mg Ka X-ray
determined from measured X-ray intensity ratios of Mg,Ge
and MgO at accelerating voltages of 15, 20, 25, and 30 kV
with ZAF and MC simulations. Three different
atomic-number-

corrections (Philibert-Tixier [16] for Method-1, XPP [13] for
Method-2, and Lov-Cox-Scott [14] - Duncumb-Reed[15] for
Method-3) were applied for ZAF calculations together with
the Tanuma-Nagashima absorption correction equation.
Method-4 is the MC method.

Mass absorption coefficient (cm?g)

Accelerating
Method-1 Method-2 Method-3 Method-4

Voltage(kV)

15 54435 5814.8 5692.9 5917.4
20 5396.4 5806.5 5564.8 5611.2
25 5317.0 5737.1 5488.2 5555.8
30 5194.7 5620.4 5369.9 5448.4
Average 5337.9 57447 5529 5633.2
o* 84.3 69.6 105 155.8

* . Standard deviation
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Fig. 4. Comparison of mass absorption coefficients of Ge
for Mg Ka from various literatures with our measured
values as a function of accelerating voltage for EPMA.
Various literatures are included Henke[10], NIST[11], and
Heinrich[12]. In ZAF calculations, Tanuma-Nagashima
absorption correction, which is based on the Gaussian type
ionization distribution function, was applied together with
Philbert-Tixier atomic number correction (Method-1), XPP
atomic number correction (Method-2), and Love-Scott-Cox
and Duncum-Reed atomic number correction (Method-3).
Method-4 is the MC method.
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Fig. 5. lonization depth distribution functions and depth
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