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The depth reselutions by the Aupger electron spectroscopy and the X.ray photoelectron spectro-
scopy are reviewed. The analytical depth is determined by the following 3 factors. (1) The first
is the penetration depth of the incident primary electron or the incident soft X-ray. (2) The
second is the iomization cross-section by which the yields of the Auger electrons or the photo-
electrons are determined. (3) The last is the electron escape depth itself.

The penetration depth and the ionization cross-section varies about 10% at the most inside the
range of the electron escape depth. The electron escape depth has the value of 5-20A in the energy
range of 10-1,500 eV, When the composition is not uniform in the range of 5-20A from the top
most surface, the composition determination becomes difficult due to the differences of the electren
mean free paths of the Auger electrons andjor the photoelectrons from the component materials.
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Table 1 Energies and widths of some
characteristic soft X-ray lines"

Line Energy, eV Width, eV
YM{ 132.3 0.47
Zr MY 151.4 0.77
Nb M 171.4 1.21
Mo M{ 192.3 1.53
TiLa 395. 8 3.0
CrLa B72.8 3.0
NiLeo 851,56 2.5
CulLa 929.7 3.8
Mg Ko 1253.6 0.7
Al Kw 1486.6 0.85
Si Ka 1739.5 L8
Y Lo 1922, 8 1.5
Zr La 2042, 4 1.7
Ti Ka 4510, 0 2.0
Cr Ka b417. ¢ 2.1
CuKa 8048, 0
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Fig. 1 Absorption of some characteristic X-rays through solid targets.
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Fig. 2 Monte Carle simulation of electron
scattering in solid targets.®
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Table 2 Mean free paths of 30 keV electrons

in solid targets'®
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Table 3 Scattering angles are calculated, when the values (I xA AN E & kY wEdT L
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30 kV C Al Ti Cu Ag Au ‘n 1166V(keV,’cm) (13)
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@, 95| 28 562 490 473 562 6.59 PESBREANTOROTH B, AHE
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Fig. 3 Average scattering angle as a function of
energy in a comparision between two results
obtained by the screened Rutherford and the
Mott cross sections.!?
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Fig. 4 Modified diffusion model of electron-beem
penetraticn -in a target: K is the maximum
range ; Rs{xp} the diffusion depth; Ri(xg) the
maximum energy dissipation depth; Rw(rs) the
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Table 4 Some examples of the values of range R and scattering angle o'’

A AHm
30 KV C Al Cu  Au 10y c Al Cu  Au
R 8.40 .7.95 2.7 1.63 R 1. 37 1.30 0. 46 0.27
Rs 6, 98 6. 07 1.83 1.02 Rg 1.11 0. 96 0.381 0.16
R 3.46 2.13 0.70 0.22 R 0.57 0. 45 0.12: 0.04
Rs1 2.83 2.09 0.49 0.14 R 0. 46 0.33 (.08 0. 02
Rz 4.94 b.22 2. 28 1.49 Rs 0.81 0. 86 0. 34 0.23
Rsa 4.15 3.98 1.44 0.88 Rsz 0. 66 0. 64 0.23 0.14
Ra 5,20 3.9 1.60 0.37 R 0.85 0.64 0.16 0. 06
Kw | 3.53 4. 45 1.85 1,39 Rw 0. 58 0. 36 0.32 0.23
| Rsw 2.93 3.40 1. 36 0. 87 Rsw 0. 47 0. 27 0.22 0.14
degree degree
30kV C Al ' Cu Au 10KV | C Al Cu Au
| .
w1 (Flo)=0.9) 8.40 10.83 14.09 19.52 w1 {(Flw)=0.9) 14.49 18.64 24.13 45,13
wr (Fla)=0.99) 27.39 34,62 44.57 59.42 70.65 89,43

ar (Fla)=0. 99)[ 45.74  57.11
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Fig. 6 Some examples of electron penetrations in solid targets.

Table 5 Penetration depths of low energy
primary electrons into solid targets

c ‘ Al ‘ Cu| Ag | Au

1000 eV | 176 l 186 | 67 ‘ 61 | 42 A
300eV i 22 | 23 | 11 1 7.84
10ev | 7.1 8.9 3.4, 37| 23A
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Fig. 7 Some examples of X-ray intensity
depth distributions.
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Table 7 Mean free paths of low energy
electrons in solid targets
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