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A ZAF method has been established as a useful quantitative analysis technique for bulk specimens by
EPMA. Accurate quantification can be performed when analyzed particle sizes are greater than an x-ray
generation region. In measurements of light elements such as oxygen, fluorine, carbon, boron and nitrogen,
it is, however, hard to obtain satisfactory results, comparing with heavy elements analyses. In this study, we
have compared quantitative accuracies of the results by ZAF methods with that by Monte Carlo method.
The general formula of the ionization distribution function derived by the MC method was compared with
the several ZAF methods.

We found that the x-ray intensities of O, S, Ga, Co and Ni calculated from the proposing general formula
are almost equivalent to those obtained by MC method. It is also found that the MC method gives more
accurate results than the ZAF methods in the accelerating voltage range of 5 - 25 kV. But, for fluorine the
quantitative accuracy obtained by our method is lower than that by MC method.
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Table 1 Conditions for MC calculations.

Total Cross Section Mott
(ML A2 e i F)
Partial Cross Section Mott

(PR TBELAM Sy Pefr  FED)
Effective Section lonisation Casnati
(H2A A AR
ITonisation Potential Joy and Luo (1989)
(A AR T v L)
Random Number Generator Prass et al
(ELEDFAE)

Directing Cosine

CALER )

Soum et al (1979)

dE/dS Calculation Joy and Luo (1989)
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MC EDRAEFE Z RO TR K OTARY v
C Ko, O Ka(ALO3), Si Ka, Ti Ka, Mn Ko, Co Ko, Ni
Ko,Cu Ka, Ti Lo, Mn La, Ni Lo, Cu Lo, Pd La, Ag Lo,
W La, Au La, Bi La, W Ma, Au Ma, Bi Ma (2D Tt
BLL7o. IEEEE S - 15kV (1kV [#ER), 20, 25,
30kV THD. KA MLOTHLX—% Table 2
\ZRd.

Table 2 Energies of calculated spectra.

Element Spectrum Energy (keV)
C Ko 0.277
O Ko 0.525
Si Ko 1.739
Ti Ka 4.508
Mn Ka 5.894

Co Ka 6.924
Ni Ka 7.471
Cu Ka 8.040
Ti La 0.452
Mn La 0.637
Co La 0.776
Ni La 0.851
Cu La 0.930
Pd La 2.838
Ag La 2.984
W La 9.396
Au La 9.712
Bi La 10.837
W Ma 1.774
Au Ma 2.120
Bi Ma 2.419

4. fRHT

41 MC 5L LB LTz ZAF IE

A [a], MC ¥ & Heilg U7 ZAF 150D —->Td 5 FZAF
HEIZ, 1970 FERD D A— D —THA S TEY, %
AEBELIZ Philibert £ 7 /L& VY, EWIHEETO
BELEOTERIIZEWVERMEZ 5 2505, WILDOK
XL DT FNF—DIRNART MILOEETITR
ZENAET D, Fiz, 1990 FLBEICA — —THT
a7 e LTRSS TWD CITZAF 1T
&4 BA#KIZ Exponential €7 /L% VT, FZAF JE(C
BT 5L, ZRXAF—DRNARY R LD TE R
FEm EL T, if:, TNZAF {E I3 b its
MOmMBRBZ EMICERT DOICRES N
Gaussian &7 /L DOIEAEREEA HNTWT, BBEOE
BN IXEN TV D, ERRE & i L 72 BEfF O
ZAF ik EERF OFEIEE D~3)ITRT.

1) FZAF ik [7]

J 7 BAHIE : Philibert-Tixier [8]
WEIAR IF Philibert [9]

HOEEATIE ¢ Reed [10]
2) CITZAF % [11]
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Fig. 1 lonization distribution in a Ni metal as a function

of acceleration voltage.

U : Overvoltage ratio U=E, / Ec,
E, : acceleration voltage,

Ec : critical excitation voltage
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Fig.2 Normalized Gaussian ionization distribution

in a Ni metal.

U:EO / Ec,
Ec : critical excitation voltage, pz : Mass depth.

E, : acceleration voltage,

pz : Mean depth of ionization.
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Fig. 3 Average ionization distribution for acceleration
voltages of 5, 10 and 20 kV. pz : Mass depth, pz : Mean
depth of ionization.
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Fig. 4 Average values of three ionization distributions for
the acceleration voltages of 5,10 and 20 kV and their fitted
curve or profile. pz : Mass depth, pz : Mean depth of ion-
ization.
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Table 3 Relative error of the calculated value K to measured
value K at the acceleration voltage of 5kV.

A : MC Method, B : FZAF Method, C : CITZAF Method,

D : TNZAF Method

Specimen | Spectrum A B C D
Sio, O Ka 4.4 13.0 4.1 43
TiO, O Ka 0.0 -5.7 -6.7 -8.1
BaF, F Ka 6.9 13.1 12.6 21.6
PbS SKa -7.9 28.1 -6.8 10.0
ZnS SKa -3.2 -3.3 -2.9 -0.6
GaP Ga La 3.8 -5.3 4.7 -0.1
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Fig.5 Plots of K’/K ratios as a function of acceleration voltage.
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Fig. 6 Ratio of f(x)/f(x)MC as a function of f(x)™°. Acceleration voltages are 5, 10, and 20 kV.
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